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1 Product Factsheet

on�axis

off�axis

off�axis

multi�pole

Typical Applications

• Absolute position sen-
sor

• Brushless DC motor
• Off-axis angle measure-

ment
• Automotive Angle Con-

trol
• Closed-Loop Stepper

Motor
• Barrier gates

Features

- 16-bit resolution absolute angle output

- High precision (< ±0.35° accuracy error)

- Suitable for on-axis and off-axis non-contact scenarios

- Ultra-low latency (1 μs data updates)

- SPI communication: angle reading, register read / write

- SSI communication: angle reading

- Programmable 4-4096 steps / turn ABZ output

- PWM 14-bit angle output

- AEC-Q100 standard qualified

- Built-in programmable memory (MTP)

- Magnetic field strength diagnosis / alarm

- Operating voltage: 3.3V to 5V

- Operating temperature range: -40°C to 125°C

- QFN-16L package: 3mm × 3mm and SOP-8 4.9mm × 6mm

Presentation

The KTH7801 is a high-precision absolute angle Hall sensor
chip offering up to 16-bit resolution for accurate angle mea-
surements in both on-axis and off-axis configurations. Capable
of handling rotational speeds ranging from 0 to 120,000 rpm,
the KTH7801 ensures rapid and precise angle output, making it
a robust choice for applications requiring accurate angle mea-
surement and speed control.

The KTH7801 providesmultiple flexible angle output modes to
meetdiverse applicationneeds. First, it supports aprogrammable
ABZ quadrature pulse output with up to 4096 steps per revolu-
tion, delivering high-resolution position data. Additionally, the
4-wire SPI interface facilitates efficient angle reading and de-
vice communication. The KTH7801 also supports a 2-wire SSI
output, simplifying system design and integration.
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To further enhance its practical application, the KTH7801 fea-
tures built-in magnetic field strength detection. Users can pro-
gramhighand lowmagnetic field thresholds, enabling real-time
monitoring and adjustment. This functionality helps to select
the optimal magnet and determine the appropriate installation
setup, ensuring stable operation.

Moreover, the KTH7801 incorporates Memory-Programmable
Technology (MPT) to store critical configurationparameters. Users
can save settings such as the zero-angle position, ABZ encoder
configurations, and magnetic field detection thresholds, allow-
ing for adaptable performance across various operational envi-
ronments.

In summary, the KTH7801 is engineered to provide versatility,
accuracy, and adaptability, making it a reliable solution for a
wide range of angle measurement and control applications.
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2 Overview
2.1 System Architecture

Figure 1: Top diagram
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The KTH7801 is a Hall angle encoder that integrates Hall el-
ements, analog-to-digital converters (ADC), and various mod-
ules for precise angle measurement and digital signal output.

TheHall element in theencoder generates voltage signals, which
are converted into two orthogonal digital signals through the
ADC. These signals are then processed by the ATAN module
to obtain a 16-bit digital angle. The digital angle is further ad-
justed through zero-point setting, rotationdirection setting, and
filtering.

The encoder’s output interface can directly provide the filtered
angle data through SPI and SSI communication, allowing the
user to read it directly using an MCU or other circuits. Addition-
ally, the angle can also be represented through PWM modula-
tion, with the angle value reflected by the duty cycle.

To enhance the update rate, the filtered angle can be further
processed by an interpolator and output to the ABZ angle en-
coder module, converting the angle into the desired encoded
signal.
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Moreover, variousoperatingparameters of the systemare stored
in a multi-time programmable (MTP) memory, which can be
modified through SPI commands to meet different application
requirements.

2.2 Recommended Application Circuit

Figure 2: Recommended Application Circuit
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Note: The pull-up and pull-down resistors shown in the dia-
gram can be optionally added or removed by the user. For au-
tomotive applications, it is recommended to add a TVS diode
to the power supply to protect the circuit from transient high-
voltage spikes.
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2.3 Pin Definitions

Figure 3: QFN-16L 3mmx3mm
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Table 1: Pin Functions

N. Name Function

1 SSD SSI Data Output
2 A One of the ABZ incremental

output signals
3 Z One of the ABZ incremental

output signals
4 MOSI SPI Master Data Output (pull-

up to VDD if not used)
5 CS SPI Chip Select (pull-up to VDD

if not used)
6 B One of the ABZ incremental

coding signals
7 MISO SPI Slave Data Output
8 GND Ground
9 PWM Pulse Width Modulation
10 TEST Factory Testing (pull-down to

GND)
11 MGL Low Magnetic Field Strength
12 SCLK SPI Clock (pull-up to VDD if not

used)
13 VDD Power Supply Input
14 NC Not Connected
15 SSCK SSI Data Clock Input (pull-

down to GND if not used)
16 MGH High Magnetic Field Strength
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Figure 4: SOP-8 4.9mmx6mm
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Table 2: Pin Functions

Num.Name Function

1 TEST TEST pin floating during opera-
tion

2 MOSI SPI Master Data Output (pull-
up to VDD if not used)

3 CS SPI Chip Select (pull-up to VDD
if not used)

4 MISO SPI Slave Data Output
5 GND Ground
6 PWM Pulse Width Modulation
7 SCLK SPI Clock (pull-up to VDD if not

used)
8 VDD Power Supply Input

For the KTH7801 product utilizing a QFN-16L 3x3mmpackage,
it is mandatory to directly connect the TEST pin to the Ground
(GND).

Conversely, for theKTH7801productwith aSOP-84.9mm×6mm
package, the TEST pin should be left floating during operation.

TheKTH7801product is available in twopackage formats: QFN-
16L and SOP-8, with pin definitions as described above. Due
to the reduced pin count in the SOP-8 package, the number of
output signals is correspondingly reduced.

The KTH7801 offers a wide range of pin functionalities, includ-
ing ABZ-encoded incremental output, Pulse Width Modulation
(PWM) output, as well as SSI and SPI communication capabili-
ties.
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2.4 16-bit Binary Encoding of Angles

The KTH7801 encoder represents angle values using a 16-bit
binary encoding scheme. By converting angle values into a 16-
bit binary form, precise representationof angles canbeachieved.
For instance, angle values can be expressed as integers in bi-
nary form, ranging from 0 to 65535. In general, the angles dis-
cussed in this document are represented using 16-bit binary
encoding.

The relationship between the 16-bit binary value and the cor-
responding angle output (ranging from 0° to 360°) can be ex-
pressed mathematically as:

Angle Output (0° to 360°) = 16-bit binary value
216 × 360 (1)

Equation 1 demonstrates how the 16-bit binary value can be
converted to its corresponding angle output. The division by 216

normalizes the binary value to a range between 0 and 1, which
is then multiplied by 360 to obtain the angle output in degrees.
This encoding scheme allows for accurate representation and
measurement of angles using the KTH7801 encoder.

2.5 On-Axis Magnet Installation
Recommendation

Table 3: On-Axis Magnet Installation Recommendation

Para. Description Min Typ. Max Unit

Dmag Radial Magnet Diameter 10 30 mm

Tmag Recommended Magnet Thickness 2.5 5 mm

Bpk Chip Operating Magnetic Field 30 150 mT

AG Air Gap 1.0 5.0 mm

RS Rotational Speed 120 krpm

DISP Installation Deviation 0.3 1.0 mm

TCmag1 Temperature Coefficient of NdFeB Magnet -0.120 %/◦C

TCmag2 Temperature Coefficient of SmCo Magnet -0.035 %/◦C

Note: It is recommended to use NdFeB or SmCo magnets.
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Figure 5: On-Axis Magnet Chip Placement

2.6 Off-Axis Magnet Installation
Recommendation

Table 4: Off-Axis Magnet Installation Recommendation

Para. Description Min Typ. Max Unit

Dmag Radial Magnet or Magnetic Ring Diameter 10 30 mm

Tmag Recommended Magnet Thickness 2.5 5 mm

Bpk Chip Operating Magnetic Field 30 150 mT

AG Air Gap 0.5 5 mm

RS Rotational Speed 120 krpm

DISP Installation Deviation 0.5 2 mm

Note: It is recommended to use NdFeB or SmCo magnets.
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Figure 6: Off-Axis Magnet Chip Placement

2.7 Multi-Pole Magnet Installation
Recommendation

Table 5: Multi-Pole Magnet Installation Recommendation

Para. Description Min Typ. Max Unit

Wmag Multi-Pole Magnet Pole Width (Single Pole
Width)

2 10 mm

Tmag Recommended Magnet Thickness 2 5 mm

Bpk Chip Operating Magnetic Field 30 150 mT

AG Air Gap 0.5 3 mm

RS Rotational Speed 120 krpm

DISP Distance Between Chip Center and Mag-
net Edge

0.8 1.0 5.0 mm

Note: It is recommended to use NdFeB or SmCo magnets.
In multi-pole applications, there is no restriction on the
magnetic ring diameter. Due to the complexity, it is advisable
to consult our FAE team for magnetic field simulation to find
the optimal placement.
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Figure 7: Multi-Pole Magnet Chip Placement

2.8 Register Configuration

0x00 Z(7:0)
7 6 5 4 3 2 1 0

0x01 Z(15:8)
7 6 5 4 3 2 1 0

0x02 GAINtrim(7:0)
7 6 5 4 3 2 1 0

0x03 Ytrim Xtrim
7 6 5 4 3 2 1 0

0x04 PPT(1:0) ZL(1:0) ZD(1:0)
7 6 5 4 3 2 1 0

0x05 PPT(9:2)
7 6 5 4 3 2 1 0

0x06 mgh(2:0) mgl(2:0)
7 6 5 4 3 2 1 0

0x07 NPP(2:0)
7 6 5 4 3 2 1 0

0x08 ABZ_LIMIT(2:0)
7 6 5 4 3 2 1 0

0x09 RD
7 6 5 4 3 2 1 0

MSB LSB
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Table 6: Parameter Description

Symbol Default
Value
(Deci-
mal)

Name Description

ABZ_LIMIT(2:0) 0 ABZ Output Bandwidth,
Default Maximum Fre-
quency 16MHz

Section 7.1 ABZ Output Resolution

GAINtrim(7:0) 2 Sensitivity Modulation
Coefficient

Section 9.4 Sensor Off-Axis Application Calibration

Xtrim 0 Reduce X-Axis Hall Sensi-
tivity

Section 9.4 Sensor Off-Axis Application Calibration

Ytrim 1 Reduce Y-Axis Hall Sensi-
tivity

Section 9.4 Sensor Off-Axis Application Calibration

mgh(2:0) 7 Magnetic Field High Alarm
Threshold, Default Max
Value Alarm

Section 9.3 Threshold Detection Settings

mgl(2:0) 0 Magnetic Field Low Alarm
Threshold, Default Min
Value Alarm

Section 9.3 Threshold Detection Settings

PPT(9:0) 1023 ABZ Resolution, Default
1024 Lines, 4096 Steps/
Turn

Section 7.1 ABZ Output Resolution

RD 1 Rotation Direction Setting,
Default Forward Rotation
as 1

Section 9.3 Threshold Detection Settings

Z(15:0) 0 Zero Position Setting, De-
fault is 0

Section 9.2 Zero Point Setting

ZL(1:0) 0 Z Signal Width of ABZ,
Default is 0

Section 7.3 Zero Index Signal Z

ZD(1:0) 0 Z Signal Phase of ABZ,
Default is 0

Section 7.3 Zero Index Signal Z
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3 Product model number
composition

KTH78XX - X - X - XXXX
Packaging

SPI formatting

Power Supply

Applications
 

QFN16-L 
SOP-8

12bit Data + 4bit CRC
16bit Data

3.3 V~5.0 V 

Automotive
Industrial
General

QFN16 
SO8

C
N

X

1X
2X
3X

4 Key Parameters
Table 7: Key Specifications @3.3V Supply

Parameter Minimum Typical Maximum

Operating Voltage 3.0V 3.3V 3.6V
Magnetic Field
Strength

30mT 60mT 150mT

Operating Current 11.6mA
Start-up Time 1ms
Latency Time 1us
Output Noise (1
sigma)

0.015°

Temperature Drift 0.002° / °C
Nonlinearity Error ±0.35°
Rotational Speed 120000rpm
ESD (HBM) ±5KV

12 of 39



KTH7801

Table 8: Key Specifications @5V Supply

Parameter Minimum Typical Maximum

Operating Voltage 4.5V 5V 5.5V
Magnetic Field
Strength

30mT 60mT 150mT

Operating Current 13.6mA
Start-up Time 1ms
Latency Time 1us
Output Noise (1
sigma)

0.015°

Temperature Drift 0.002° / °C
Nonlinearity Error ±0.35°
Rotational Speed 120000rpm
ESD (HBM) ±5KV
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5 SPI
The KTH7801 product uses an SPI interface to achieve reliable
and efficient data communication between the microcontroller
and peripherals. The SPI communication operates in mode 3
(CPOL = 1 and CPHA = 1), supporting functions such as reading
the angle, reading configuration registers, and writing to con-
figuration registers.

5.1 SPI timing

Figure 8: SPI Timing Diagram

0.8VDD
0.2VDD

THDTDV

TR

TST

TF

TSCK TSCKL TSCH TH

CSN

SCK

MOSI

MOSI/MISO
CSN/SCK

Figure 8 presents an SPI timing diagram, while Table 9 pro-
vides detailed information on the SPI timing parameters of the
KTH7801 product under a 20pF load condition. This table in-
cludes symbols, descriptions, and the minimum, typical, and
maximum values for each parameter, expressed in nanosec-
onds (ns). These parameters play a crucial role in defining the
timing requirements for SPI communication, ensuring depend-
able data transfer betweenmicrocontrollers and peripheral de-
vices when utilizing the KTH7801 product.
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Table 9: SPI Timing Parameters (with 20pF Load Condition)

Min. Typical Max.
Symbol Description Value Value Value Unit

TSCK SCK Clock Period 100 ns

TSCKL Low Period of SCK Clock 50 ns

TSCKH High Period of SCK Clock 50 ns

TH Time interval between
SCK and CSN rising edges

120 ns

TR Rise Time of Digital signal 10 ns

TF Fall Time of Digital signal 10 ns

TDV Data Valid Time of MISO 50 ns

TST Setup Time of MOSI Data 50 ns

THD Hold time of MOSI Data 50 ns

The KTH7801 product employs the SPI interface, operating in
CPOL = 1 and CPHA = 1 mode, to facilitate communication be-
tween microcontrollers and peripheral devices. Conforming to
the SPI international standard, the interface incorporates four
lines: SCK, MOSI, MISO, and CSN. Data transmission occurs
through fixed-length 16-bit packets.

The SPI timing parameter table serves as a valuable resource
for comprehending the correct utilization anddebuggingof hard-
ware and firmware designs pertaining to the SPI interface. Ad-
hering to these timing parameters is critical to ensuring reliable
data communication throughmeticuloushardwareandfirmware
design.

All aforementionedSPIparameters are implemented in thepro-
vided hardware and firmware, allowing users to configure and
optimize thembasedon their specific application requirements.
Our technical support team is readily available to assist users
with any challenges encountered during usage.

In summary, the SPI interface of the KTH7801 product is a ro-
bust and versatile communication tool, suitable for awide range
of microcontrollers and peripheral devices. By comprehending
and effectively employing these SPI timing parameters, users
can maximize the product’s performance and fulfill their spe-
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cific application needs.

Figure 9: SPI Command-Response Overlapped Structure

SPI communication adopts an overlapped structure that allows
the transmissionof a response from theprevious commandwhile
sending the next command. Figure 9 illustrates an example of a
single-device setup, where the host controls a KTH7801 slave
device.
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5.2 Reading Registers via SPI

opcode address null

0 1 ADR[5:0] 0 0 0 0 0 0 0 0
15
MSB

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSB

The operation of reading registers involves two 16-bit frames.

The first frame is the write request frame, comprising a 2-bit
write command, a6-bit register address, and8bits of zeropadding.
The second frame is the returned register value, formatted as
XXXX − XXXX − 0000 − 0000.

The table above presents the instruction format for this oper-
ation. Starting from the most significant bit (MSB), the first 2
bits represent the opcode, the operation code of the instruc-
tion. The subsequent 6 bits denote the address, specifying the
register’s location. The remaining blank section represents in-
valid bits, padded with zeros.

5.3 Register Writing via SPI

opcode address written word

1 0 ADR[5:0] WRD[7:0]
15
MSB

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSB

The KTH7801 chip provides the capability to write to registers
via the SPI bus. Registers are programmable 8-bit storage units
used to store specific configuration and control parameters, al-
lowing customization of the chip’s behavior and functionality.

The process of writing to registers via SPI involves two 16-bit
frames. The first frame is the write request frame, consisting
of a 2-bit write command (10), followed by a 6-bit register ad-
dress and an 8-bit value. Thewrite command instructs the chip
to perform the write operation, the register address specifies
which register to write to, and the value represents the data to
be written. Data transmission starts from the Most Significant
Bit (MSB).

The second frame is the returned acknowledgment frame, con-
taining the value of the newly written register. The frame for-
mat is XXXX − XXXX − 0000 − 0000. This acknowledgment
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frame serves as a response from the chip, confirming the suc-
cessful writing of data into the register.

During the process of writing to registers via SPI, it is important
to note that a minimum wait time of 20 milliseconds between
the first frame and the second frame is required. This wait time
ensures that the written data is correctly stored in the chip’s
non-volatile memory. Failing to wait for an adequate amount of
time after the write request may result in reading the previous
value of the register. Therefore, it is crucial to adhere to this
wait time when performing register writing operations.

It is worth mentioning that this wait time is applicable only to
write operations. For read register or read angle operations, no
wait time is required.

The register valuesof theKTH7801chip are automatically loaded
during power-up as they are stored in the chip’s non-volatile
memory. This means that even after a power loss and sub-
sequent power-up, the configuration and control parameters
stored in the registers will remain unchanged without the need
for reconfiguration.

To ensure long-term stability and reliability of the registers, the
memory design of the KTH7801 chip is carefully engineered to
withstand 1,000 write cycles and maintain reliable operation
even in environments with a temperature of up to 125°C.

By utilizing register writing via SPI, you can easily configure and
fine-tune various functionalities and behaviors of the KTH7801
chip to meet your specific requirements.

5.4 Read Absolute Angle via SPI

opcode Arbitrary Length

0 0 0 Arbitrary Words
15
MSB

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSB

WhenusingSPI for reading theabsolute angle from theKTH7801
angle sensor, the following general steps and principles are in-
volved:

(1) SetCommunicationParameters: First, ensure that theSPI
communication parameters between the master device
and theKTH7801angle sensor are configuredconsistently.
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This includes parameters such as clock frequency, data
width, and other relevant settings.

(2) Trigger Read Operation: The master device initiates the
read operation by pulling the chip select (CS) signal low
and sending the appropriate read position command via
MOSI. Pulling the chip select signal low signals the sensor
to prepare for data transmission to the output buffer.

(3) DataTransmissionandReceptionProcess: Everymicrosec-
ond, a new data bit is transmitted to the output buffer.
The sensor sends the data bit to the master device se-
rially through the MISO pin. The master device controls
the data reception by utilizing the clock signal, ensuring
the accurate reception of each data bit.

(4) AngleValue Interpretation: Once themaster device sends
a sufficient number of clock counts, the KTH7801 sensor
responds and provides angle data. By interpreting the re-
ceived data, the corresponding absolute angle value can
be obtained.

During the transmission process, it is recommended to keep
theMOSI line at a low logic level to prevent interference signals
such as 01, 10, and others, which could interrupt the transmis-
sion of angle data. This precautionarymeasure helps to ensure
the stability and accuracy of the transmission.

To optimize the angle reading process and ensure that no in-
formation is lost, it is possible to reduce the number of clock
counts. When a data output length of 12 bits is required, only
12 clock counts are needed to obtain the complete sensor res-
olution.

If a lower resolution is desired, the angle value can be read by
sending fewer clock counts as the most significant bit is trans-
mitted first. Thismethod is knownas the fast readmode, where
the KTH7801 sensor continuously sends the same data until
the data is refreshed. The fast readmode can improve the read-
ing speed.

For a clearer understanding, the following diagram illustrates
the process of reading the absolute angle via SPI:
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Figure 10: SPI Read Absolute Angle Process

SCLK

CS

MOSI

Tpause

MISO A[15] A[14] A[2] A[1] A[0] A[15] A[14]

Figure10shows the connectionbetween themaster device and
the KTH7801 angle sensor, illustrating the sequence of data bit
transmission and reception. Note: The time interval Tpause be-
tween two consecutive communications must be greater than
150ns.

5.5 Disabling Register Configuration
Functionality

Command Address Write Byte

1 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0
15
MSB

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSB

During normal operation, the register configurations are pre-
set, and the chip can be configured via SPI to only allow reading
of angle datawhile blocking any register configuration changes,
preventing external interference fromaffecting the register set-
tings. The KTH7801 provides a WRDIS register, which, when
set to 1, disables any register configuration. By sending the
command 1110 − 1000 − 0000 − 0010, the register settings can
be locked, and no further read/ write operations on the reg-
isters are allowed through SPI. To reconfigure the registers, the
chip must be powered off and on again.

5.6 SPI Output CRC Check

Position Information Checksum Bits

Position(11:0) CRC(3:0)
15
MSB

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSB

20 of 39



KTH7801

If you choose the version of the chip with SPI output and CRC
check, by sending the read position commandmentioned in the
previous section, you can receive SPI output information with a
CRC check on the MISO pin. The output frame format is shown
above, where the first 12 bits are position data (MSB first), fol-
lowed by a 4-bit CRC check word. The CRC check follows the
CRC-4/ITU standard with a polynomial of X4 + X + 1, an initial
value of 00, a final XOR value of 00, input reflected (true), and
output reflected (true). For example, if the position data is 0FF
and the CRC check value is 2, the received data would be 0FF2.
If you need assistance with CRC check code implementation,
please contact our FAE team.
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6 Angle Reading via SSI
SSI (Synchronous Serial Interface) is a synchronous serial in-
terface protocol used for data transfer betweendigital systems.

Figure 11: SSI Interface Timing Diagram

SSCK

SSD D[15] D[15]D[1] D[0]

THSSCK TLSSCK

TSSCK

TP

TMTDV

Table 10: SSI Interface Timing Parameters

Typical Maximum
Symbol Description Value Value Unit

tDV SSD Data Valid Time 15 ns

TDV SSCK Clock Period 0.66 16 μs

TLSSCK Low Period of SSCK Clock 0.33 8 μs

THSSCK High Period of SSCK Clock 0.33 8 μs

TM SSD Monoflop Time 33 μs

Tp Pause Time 53 μs

Table 10 shows the timing specifications for the SSI interface.

TM represents the Monoflop Time, also known as the timeout
period. It sets a time limit during data transfer to determine
the maximum duration of the data transfer. If the data trans-
fer is not completed or does not reach the next state within the
specified TM time, it will be considered a timeout. A timeout
may indicate a transfer error or other issues that require appro-
priate error handling. By properly setting TM, timely detection
and handling of transfer anomalies can be ensured, thereby im-
proving the reliability and stability of the system.

TP represents thePauseTime,which is the interval duringwhich
the system waits after the completion of data transfer before
entering the next state. ThePause Time is used to stabilize data
transfer, wait for device readiness, or perform other necessary
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operations. During TP, the system can perform necessary veri-
fication, processing, or preparationwork toensure smoothprogress
of the next round of transfer. By properly setting TP, efficient
utilization of system resources and good transfer performance
can be achieved.

When reading the angle via SSIwith theKTH7801 , the data bits
are transmitted in a high-order priority. Every microsecond, a
new data bit is transferred to the output buffer. The read oper-
ation is triggered by raising the SSCK signal. A complete read
requires a maximum of 17 clock cycles. The first clock cycle is
a virtual clock used to initiate the transfer. Themost significant
bit of the data is transmitted in the second clock cycle. If the
data length is less than 16 bits, the output data is extended to a
full 16 bits by padding with zeros. Therefore, angle reading can
be done in less than 16 clock cycles. When a trigger event is de-
tected, the data will be held in the output buffer until the falling
edge of the LSB bit 0 and the monoflop time have passed.

TheKTH7801operates as a slavedevice to anexternal SSImas-
ter and supports only angle reading operations. It is not possi-
ble to read or write registers via the SSI interface.
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7 ABZ Output
The KTH7801 provides angle position output through the in-
cremental interface ABZ. The ABZ interface is configured with
a resolution of 12 bits, which means there are 4096 steps per
revolution or 1024 pulse periods per revolution (PPT) for the
AB signals.

The phase difference between the A and B signals can indicate
the direction of rotation. In the clockwise direction, the A signal
leads and the B signal follows, while in the counterclockwise
direction, the B signal leads and the A signal follows. During
power-up, all three ABZ signals will be held at a high level.

When the magnet located directly above the chip (from a top
view perspective) rotates counterclockwise (CCW), the rising
edge of the B signal will lead the rising edge of the A signal by
1/4 of a period. Conversely, when rotating clockwise (CW), the
rising edge of the A signal will lead the rising edge of the B sig-
nal by 1/4 of a period. The phase difference between the A and
B signals changes with the direction of rotation of the magnet.

Figure 12: ABZ Output Timing

0x04 PPT(1:0) ZL(1:0) ZD(1:0)
7 6 5 4 3 2 1 0

0x05 PPT(9:2)
7 6 5 4 3 2 1 0

0x08 ABZLIMIT(1:0)
7 6 5 4 3 2 1 0

MSB LSB
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7.1 ABZ Output Resolution

The KTH7801 ’s ABZ incremental output can provide angle po-
sition output with a customizable integer resolution of up to
1024 pulse periods per revolution (PPT). The resolution can be
defined by programming theMTP bits PPT(9:0)within the chip.
Refer to Table 11 for the corresponding resolutions in pulses
per revolution and steps per revolution.

Table 11: ABZ Resolution for PPT

ABZ ABZ
PPT(9:0) Resolution Resolution

Pulses/Turn Steps/Turn

0 1 4
1 2 8
2 3 12
... ... ...

1021 1022 4088
1022 1023 4092
1023 1024 4096

7.2 ABZ Output Frequency Setting

Themaximumoutput frequency for theABZoutput of theKTH7801
is 16 MHz. The highest output frequency can be adjusted by
setting the ABZLIMIT parameter. Refer to Table 12 for the cor-
responding highest output frequencies.

Table 12: ABZLIMIT Setting for Highest Output Frequency

ABZLIMIT Highest Frequency

0 16 MHz
1 8 MHz
2 4 MHz
3 2 MHz
4 1 MHz
5 0.5 MHz
6 0.25 MHz
7 0.125 MHz
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7.3 Zero Index Signal Z

The Z signal (also known as the index signal or zero reference
signal) has a rising edge that occurs once per revolution at the
zero position. The position andwidth of the Z signal can be pro-
grammed using the ZL(1:0) and ZD(1:0) bits in register 0x4. By
default, both ZL and ZD parameters are set to 00.

Figure 13: Width (ZL) and Position (ZD) of the Z Signal in ABZ

7.4 ABZ Hysteresis

ABZ incremental output hysteresis refers to the introduction of
a lag effect on the ABZ output signals to prevent false transi-
tions and improve the system’s immunity to interference. Hys-
teresismeans that theoutput signalmust exceeda specific thresh-
old before changing its state. This lag effect helps reduce the
impact of noise and other interferences on the output signal.
When the input signal changes, the output signal does not im-
mediately follow the change but requires surpassing a thresh-
old to change its state. Setting this thresholdmakes the system
less sensitive to small noise and interferences, therebyenhanc-
ing stability and accuracy.

By introducing ABZ incremental output hysteresis, errors can
be reduced, and the system’s immunity to interference can be
improved. This is particularly important for applications that
require high precision and stability, especially in noisy environ-
ments or in the presence of interferences. By introducing ABZ
incremental output hysteresis, errors can be reduced, and the
system’s immunity to interference canbe improved. This is par-
ticularly important for applications that require high precision
and stability, especially in noisy environments or in the pres-
ence of interferences.
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8 PWM Absolute Position Output
TheKTH7801provides a single-line 14-bit absolute value PWM
output mode, as shown in Figure 14. The PWM output is the
default output form of pin 9.

The logic signal of thePWMoutput is directly proportional to the
magnetic angle, with a PWM frequency of 972 Hz. An angle of
0° corresponds to a duty cycle of 32/(16384+ 64), and an angle
of 360° corresponds to a duty cycle of (16384 + 32)/(16384 +
64). The resolution is 14 bits. The angle corresponding to any
duty cycle can be calculated using Equation 2.

Ang =
360

16384

[
(16384 + 64) · tON

tON + tOFF
− 32

]
(2)

where Ang is the angle in degrees, tON is the ON time of the
PWM signal, and tOFF is the OFF time of the PWM signal.

Figure 14: PWM Timing
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9 System Operation Settings
9.1 Rotation Direction

The RD register defines the relationship between the output
angle increment and the rotation direction. By default, RD=1，
when the magnet (viewed from above) rotates clockwise (CW)
whenviewed fromabove, theoutput angle of the chip increases.

Figure 15: Rotation Direction

N

S

cw ccw

N

S

0x09 RD
7 6 5 4 3 2 1 0

9.2 Zero Point Setting

The register Z(15:0) defines the zero position, and this value
applies to all types of angle outputs. The sensor’s zero position
can be programmed with 16-bit resolution.

When RD (rotation direction) is set to 1, the output angle of the
sensor canbe calculatedusing the following formula, where the
16-bit binary number is the value currently read by SPI, and the
desired angle is the angle (0-360°) that the user expects after
changing the Z(15:0) register:

Z = NOT
(
16-bit binary value−

(
Desired Angle

360

)
× 216

)
+ 1

(3)

When RD (rotation direction) is set to 0, the output angle of the
sensor canbe calculatedusing the following formula, where the
16-bit binary number is the value currently read by SPI, and the
desired angle is the angle (0-360°) that the user expects after
changing the Z(15:0) register:
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Z = 16-bit binary value−
(
Desired Angle

360

)
× 216 (4)

For example, whenRD (rotationdirection) is set to 1 and the16-
bit binary value is 16384 (i.e., SPI output angle is 90 degrees),
setting Z(15:0) to the complement of 16384 (bitwise NOT plus
1), which is 49152, results in an output value of 0 (output an-
gle of 0 degrees). When RD (rotation direction) is set to 0 and
the 16-bit binary value is 16384 (i.e., SPI output angle is 90 de-
grees), setting Z(15:0) to 16384 results in an output value of 0
(output angle of 0 degrees).

0x00 Z(7:0)
7 6 5 4 3 2 1 0

0x01 Z(15:8)
7 6 5 4 3 2 1 0

9.3 Threshold Detection Settings

To facilitate user applications, the KTH7801 series allows for
the configuration of both low threshold magnetic field alarms
(mgl) and high threshold magnetic field alarms (mgh). For ex-
ample, when mgh(2:0) is set to 1, if the magnetic field exceeds
34mT, theMGHpinwill be pulled high. When themagnetic field
decreases below 28mT, the MGH pin will be pulled low. Simi-
larly, when mgl(2:0) is set to 0, if the magnetic field falls below
18mT, the MGL pin will be pulled high, and when the magnetic
field increases above 24mT, the MGL pin will be pulled low.

The threshold detection settings are configured using the fol-
lowing register:

0x06 mgh(2:0) mgl(2:0)
7 6 5 4 3 2 1 0

Thevaluesofmgh(2:0) andmgl(2:0) correspond to specificmag-
netic field thresholds and pin behavior. The table below illus-
trates the correspondingmagnetic field intensities for each thresh-
old configuration:
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Table 13: Magnetic Field Intensity Corresponding to High and Low
Threshold Alarms

mgh(2:0) MGH Rising MGH Falling mgl(2:0) MGL Rising MGL Falling

0 23mT 16mT 0 18mT 24mT

1 34mT 28mT 1 30mT 36mT

2 47mT 40m 2 42mT 48mT

3 58mT 52mT 3 54mT 60mT

4 70mT 63mT 4 65mT 71mT

5 81mT 75mT 5 77mT 83mT

6 92mT 86mT 6 88mT 94mT

7 103mT 97mT 7 99mT 105mT

9.4 Sensor Off-Axis Application Calibration

Whenwe install the KTH7801 sensor at the center position of a
magnet or when the design requires the sensor to be mounted
on the side of themagnet’s center, there is a deviation between
the sensor’s output magnetic field strength and the magnet’s
position. This is due to the non-linear relationship between
the sensor’s output and the actual magnet position, which is
caused by the uneven distribution of the magnetic field on the
magnet’s surface, resulting in anon-linear relationshipbetween
the sensor’s output and the actual magnet position. One of the
main reasons is that the tangential magnetic field (along the di-
rection of the magnet’s surface) is usually weaker than the ra-
dial magnetic field (perpendicular to the magnet’s surface), as
shown in Figures 16 and 17.

Figure 16: Illustration of Sensor Located in Tangential Magnetic Field

Bt

N

S

30 of 39



KTH7801

Figure 17: Illustration of Sensor Located in Radial Magnetic Field

Br N S

To better calibrate the sensor and detect themagnet’s position,
the KTH7801 introduces the concept of magnetic field ratio µ,
which is an important parameter used to describe the relation-
ship between magnetic field intensity and the actual magnet
position. The magnetic field ratio µ represents the ratio be-
tween themaximum radial magnetic field Br and themaximum
tangential magnetic field Bt, and it is calculated as follows:

µ =
Br

Bt
(5)

To simplify the calibration process, the KTH7801 introduces
two parameters: Xtrim, Ytrim, and GAINtrim(7:0):

0x02 GAINtrim(7:0)
7 6 5 4 3 2 1 0

0x03 Ytrim Xtrim
7 6 5 4 3 2 1 0

These parameters are used to adjust the sensitivity of the sen-
sor in the X and Y directions for precise calibration.

By default, the sensitivity of the X-axis and Y-axis is the same.
If it is necessary to reduce the sensitivity of the signal in the
X-axis direction while keeping the Y-axis direction unchanged,
you can set the Xtrim parameter to 1 and the Ytrim parameter
to 0. Conversely, if it is necessary to reduce the sensitivity of
the signal in the Y-axis direction while keeping the X-axis direc-
tion unchanged, you can set the Xtrim parameter to 0 and the
Ytrim parameter to 1. The chip placement direction and the
settings of the Xtrim and Ytrim parameters are shown in Figure
18, where the red arrow represents the direction of the radial
magnetic field.
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Figure 18: Illustration of Chip Placement and Xtrim, Ytrim Parameter
Settings

The specific reduction in sensitivity is determinedby theGAINtrim(7:0)
parameter, which is an 8-bit integer ranging from 0 to 255. A
smaller GAINtrim value represents a smaller reduction in sen-
sitivity. In normal conditions, where the radial and tangential
magnetic field strengths are the same and the magnetic field
ratio µ is 1, no adjustment is needed, and the GAINtrim(7:0)
parameter should be set to 0. In an off-axis application where
the chip is placed directly to the right of the magnet, the ra-
dial field is approximately twice the tangential field, meaning µ
is 2. In such a case, as shown in Table 14, the recommended
GAINtrim(7:0) value is 128.

Additionally, another method for calculating the GAINtrim(7:0)
parameter involves magnetic field simulation. Our company
can provide simulations to help customers determine the ap-
propriate GAINtrim(7:0) parameter.

Magnetic Field
Ratio µ

Register
GAINtrim(7:0)

1.0 0
1.5 85
2.0 128
2.5 154
3.0 171
3.5 183
4.0 192
4.5 199
5.0 205

Table 14: Examples of
GAINtrim Settings

Table14 lists somespecific examplesofGAINtrimsettings, show-
ing themagnetic field ratioµ and the correspondingGAINtrim(7:0)
values under different conditions. Depending on the actual re-
quirements and application scenarios, you can choose the ap-
propriateGAINtrim setting to achieve the desired sensitivity re-
duction.
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10 Packaging
TheKTH7801 sensor is available in a specific package to ensure proper protection and com-
patibility with various applications. The packaging information is provided in Figure 19 and
Figure 20.

Figure 19: QFN-16L Packaging Information for KTH7801
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Figure 20: SOP-8 Packaging Information for KTH7801
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11 Tape and Reel Information

Figure 21: QFN-16L Tape and Reel Information for KTH7801
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Figure 22: SOP-8 Tape and Reel Information for KTH7801
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Figure 23: Soldering Temperature Profile for KTH7801

12 Selection Guide
Table 15: Model List

Model Noise (1 sigma) Output Interface Time
Constant τ

(ms)

Operating
Magnetic
Field

Application
Scenario

KTH7801 0.015° SPI, SSI, PWM, ABZ 0.51 30-150mT Automotive
KTH7802 0.015° SPI, ABZ, UVW 0.51 30-150mT Automotive
KTH7803 0.004° SPI, SSI, PWM, ABZ 16.3 30-150mT Automotive

13 Ordering Information
Table 16: Ordering Information

Model Package Type Operating
Temperature

Application
Scenario

Pin
Count

CRC Check
Available

KTH7801-X-N-QN16 QFN3x3-16L -40°C to 125°C Automotive 16 No
KTH7801-X-N-SOP8 SOP-8 -40°C to 125°C Automotive 8 No
KTH7801-X-C-QN16 QFN3x3-16L -40°C to 125°C Automotive 16 Yes
KTH7801-X-C-SOP8 SOP-8 -40°C to 125°C Automotive 8 Yes
KTH7803-X-N-QN16 QFN3x3-16L -40°C to 125°C Automotive 16 No
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Disclaimer

The information in this document is provided by Quanzhou KTsense Microelectronics Co.,
Ltd. (泉州昆泰芯微电子科技有限公司) (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 ofmerchantability, satisfactory quality, non-infringement, and fitness for a par-
ticular purpose. KTsense Micro, along with its employees, agents, and affiliates, 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 rel-
evant information before placing orders or integrating the product into their systems.

Usersmust evaluate the suitability of theproduct 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. Ex-
port may require prior authorization from the competent authorities. The product is not
intended, authorized, or warranted for use in applications requiring extended temperature
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:

1. Chemical, biological, or nuclear weapons, includingmissile systems for such weapons.
2. Civil firearms, including spare parts or ammunition.
3. Defense-related products or materials for military or law enforcement use.
4. 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.

No licenses or rights to any intellectual property of KTsenseMicro 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
samedegreeof care as theyuse toprotect their ownconfidential 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 disclaimer. 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.
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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 teamand get help for your specific
needs:

Region Contact Information
Overseas sales.global@conntek.com.cn
China sales@conntek.com.cn
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