MULTi Datasheet
DIiMENSIiON Version 1.0.1

Sensing the Future

TMR3111

23-bit TMR Magnetic Rotary Encoder

Description Features and Benefits
The TMR3111 is a contactless, high-precision, and * Tunneling magnetoresistance (TMR) technology
high-speed magnetic rotary encoder sensor, which « Supply voltage: 3V to 5V

integrated with tunneling magnetoresistance (TMR)
sensors and CMOS digital signal processing circuitry.

* Supply current: 10 mA (typical)

*» Supports 0° to 360° absolute angle detection
The TMR3111 senses the single pole-pair magnet « On and off axis measurements

rotation above the chip by TMR sensors, collects the - Available in SPI. ABZ and PWM interfaces
rotating magnetic field signal, transmits it to the digital

) ) ) » Programmable A/B/Z interpolation factors from x1
processing unit, and calculates the rotation angle.

to x4096

The TMR3111 supports 3-wire and 4-wire SPI working « Angular output delay < 2 ps

modes, allowing the client MCU to read 23-bit absolute
position information through the SPI protocol.
Additionally, the chip also provides a 12-bit resolution
PWM output interface, with the PWM frequency
configurable in four levels according to customer * Integrated EEPROM rewritable over 1000 cycles

requirements. * RoHS & REACH compliant

* Angular repeatability < £0.05°
* Speeds up to 40,000 RPM
* Integrated automatic gain calibration function

It is able to output A/B phase programmable
incremental position signal with 1 to 4096 pulse

and programmable zero-point (Z phase) signal. Appllcatlons

TMR3111 also provides inverted UVW output, * Contactless angular position measurement
analog and PWM signals, with rotational speed up to « Brushless motor position sensing

40,000 RPM. * Rotary speed sensing

The TMR3111 can self-calibrate to compensate * Close loop stepper system

non-linearities caused by imperfect installation. « Servo encoder

DFN10L (3mm x 3mm x 0.75mm)

MultiDimension Technology Co., Ltd. N
DI | 01

http://www.dowaytech.com/en/



MuLri
DiMENSIiON

Sensing the Future

TMR3111
23-bit TMR Magnetic Rotary Encoder

Selection Guide

Part Number (*) Output Interface Supply Voltage | Operating Temperature | Package | Packing Form
TMR3111D-1000 SPI/ABZ/PWM 3Vto5V -40 °C to 125 °C DFN10L | Tape & Reel
TMR3111D-4096 SPI/ABZ/PWM 3Vto5V -40 °C to 125 °C DFN10L | Tape & Reel
Note: * Please contact MDT local sales representative for more model’s information.
TMR3111 — D — XXYY
Pa?aging ABZ Lines
Symbol XXYY:0001
XXYY|:4096
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1. Pin Configuration
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Figure 1. Pin configuration (DFN10L)
Pin Number Name Input/Output Signal type Function
1 A Output Digital Phase A pulse signal
2 MOSI Input Digital SPIl data in
3 MISO Output Digital SPI data out
4 SCLK Input Digital SPI clock
5 CSs Input Digital SPI chip select
6 Voo Input Power supply Power supply
7 PWM Output Digital PWM signal
8 GND Input Ground Ground
9 z Output Digital Phase Z pulse signal
10 B Output Digital Phase B pulse signal
" Epad - - Recommended connection GND
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2. Functional Block Diagram
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Figure 2. TMR3111 functional block diagram
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3. Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit

Supply voltage Voo -0.3 6 \Y,

Magnetic flux density B - 4000 Gs

MISO, Mg’SBI,’ §’WCMS pﬁﬁrl;pKut voltage Vi 03 Voo v
A, B, Z, MISO pin output current lout -20 20 mA
Operating ambient temperature Ta -40 125 °C
Storage ambient temperature Tsta -40 150 °C
ESD performance (HBM) Vesp - 4 kV

The absolute maximum rating only lists the conditions under which the sensors are not permanently
damaged. For normal operations please refer to specifications.

4. Electrical Specifications

T,= 25 °C unless specified otherwise

Parameter Symbol Condition Min. Typ. Max. Unit
Supply voltage Voo - 3.0 5.0 55 V
Supply current Ioo - - 10 - mA

Measurement range Arange - 0 - 360 Deg
Absolute resolution RESpc - - - 23 bit
Nonlinearity error INLopr - - +0.05 - Deg
Nonlinearity thermal drift INL gig -40°Cto 125 °C - - +0.5 Deg
Repeatability Aepeat - - - +0.03 Deg
Output delay To - - 2 - us
Rotation speed Repeed - - - 40000 RPM

5. Digital Input Signals

CS, SCLK, MOSI
Parameter Symbol Condition Min. Typ. Max. Unit
Input threshold high A - 0.8 Vpp - - \%
Input threshold low ViLo - - - 0.2 Vyp \%

MultiDimension Technology Co., Ltd.
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6. Digital Output Signals

A, B, Z, MISO, PWM

Parameter Symbol Condition Min. Typ. Max. Unit
Output threshold high Vo I=1mA Vpp-0.3 - - \%
Output threshold low Voo I=1mA - - 0.3 \%
Rise time tice C,. =100 pF - - 100 ns
Fall time ta C_.=100 pF - - 100 ns
Output load capacitance C, - - - 100 pF
7. PWM Characteristics
Parameter Symbol Condition Min. Typ. Max. Unit
PWM frequency Fowm - - 1000 - Hz
Rise time tise C.=10nF - - 1 us
Fall time tean C.=10nF - - 1 us
8. EEPROM Characteristics
Parameter Symbol Condition Min. Typ. Max. Unit
MTP reig{ggt: supply Vo } ) Voo } v
EEPROM read/write cycles Een - 1000 - - Cycle
Data storage time Ere - 10 - - Year
9. Magnetic Field Specification
Recommended magnet: cylindrical NdFeB magnet (N35SH), 9 mm x 2.5 mm, radial magnetization
Parameter Symbol Condition Min. Typ. Max. Unit
Diameter of magnet dinag - 6 9 20 mm
Thickness of magnet tmag - - 25 - mm
Mounting distance D, Recommend magnet (¢9 mm) 1 3 10 mm
Magnetic field Hext Sensor surface 100 - 1000 Gs
Center deviation between
magnet and sensor Xas ) ) ) 0-5 mm
e e | o - s | - [ s ] o
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10. Output Mode

10.1 ABZ Output

TMR3111 provides the incremental digital ABZ output through the A/B/Z pins. The A/B signals output
interpolation factors can be programmed from 1 to 4096 pulses. Phase B precedes phase A when the
magnet rotates counter-clockwise under the default settings as shown in Figure 3.

FY PN Y Y TN CY Y Y Y TN
I e I

(G [ [ [ () (G (G (G [ [

Now
th M —M —M Qfﬁ M [ ~

| e | | e R e |
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Figure 3. ABZ operating schematic

! 360° 1 1 360° 1

Figure 4. ABZ signal timing diagram
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Z phase can be configured through z_initial[1:0] as shown in Figure 5.

\_/ CCW z_initial [1:0] = 00 \/ CCW z_initial [1:0] = 01

\_/ CCW z_initial [1:0] = 11 \_/ CCW z_initial [1:0] = 10

A 0 0[1!1 A 00[1:1]
B 0[1:1]0 B 0[1 1|0

z L - |

Figure 5. Schematic of Z phase configuration

The phase Z width is programmable from 1 to 16384 LS, in which 1 LSB = 1/4 phase A period width. The rising
edge of the Z phase pulse can be synchronized with the falling edge of the A-phase pulse, or the falling edge
of the B-phase pulse. In any of these settings, the rising edge of Z matches the absolute angle of 0 degrees.

The xMR310x calibration kit and corresponding host computer software is provided for the convenience of

customer calibration and settings. The parameters settings for the zero position (phase Z), width of phase Z,
hysteresis, resolution, and CW/CCW setup of TMR3111 sensor can be performed by this calibration kit.

MultiDimension Technology Co., Ltd.
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10.2 PWM Output

TMR3111 supports pulse width modulation (PWM) output. The duty cycle of PWM is a logic signal proportional
to the magnetic field angle. The duty cycle is limited by the minimum value (1/4096 of the period) and the
maximum value (4095/4096 of the period), so the duty cycle varies from 1/4096 to 4095/4096 with the
resolution of 12-bits, Figure 6 shows one period of the PWM signal, and the period (T) is 1/FPWM.

one period of the PWM 1kHz, 500Hz. 250Hz. 125Hz

o|l—- |||t |w
Start ||| v o 2183183813 Stop
S| ST
4 = » p——
16 clock high 8 clock low

Figure 6. PWM output signal

The xMR310x calibration kit and corresponding host computer software is provided for the convenience of
customer calibration and settings. The PWM pulse width and frequency of TMR3111 sensor can be set by
this calibration kit.

10.3 ABZ Output Settings

The TMR3111 offers different combinations of ABZ/UVW output modes to cater to each unique application. The
user may freely select from 8 output modes by changing the EEPROM abz_uvw_sel [1:0] and tamagawa bit
settings as shown in tables below.

1) tamagawa = 1’b0

Pin tamagawa ABZ
1 A
10 1’b0 B
9 z
2) tamagawa = 1'b1

Pin tamagawa ABZ
1 B
10 1b1 A
9 z

MultiDimension Technology Co., Ltd.
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10.4 SPI Output

10.4.1 SPI Sequence Diagram

TMR3111 provides the 4-wire SPI interface for user programming in common mode 1 (CPOL=0, CPHA=1).

Data communication is only enabled when the CS pin is set to LOW. The MOSI pin carries the serial input

data that will be written to the IC upon the falling edge of the SCLK signal. The serial output data is available

to read at the MISO pin upon the rising edge of the SCLK signal.

—

" TOITI0/T11/T12/T13

Figure 7. SPI timing diagram

Signal Definition Min. Typ. Max. Unit
T SPI start-up time - 100 - ns
T2/T4 Clock signal rising/falling time - 10 - ns
T3 Clock signal HIGH period 30 - - ns
T5 Clock signal LOW period 30 - - ns
T6 Input signal setup time 30 - - ns
T7 Input signal sampling hold time 30 - - ns
T8 SPI closing time - 50 - ns
T9 SPI reading interval 1 - - us
T10 EEPROM input interval 1000 - - ms
ot Time interval between writing register, reading 2 i i ms
register, and reading EEPROM
T12 Mode switching interval (normal to user mode) 2 - - ms
T13 Mode switching interval (user to normal mode) 5 - - ms

MultiDimension Technology Co., Ltd.
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10.4.2 SPI Protocol

TMR3111 provides the 4-wire SPI interface for user programming in common mode 1 (CPOL=0, CPHA=1).
Data communication is only enabled when the CS pin is set to LOW. The MOSI pin carries the serial input
data that will be written to the IC upon the falling edge of the SCLK signal. The serial output data is available
to read at the MISO pin upon the rising edge of the SCLK signal.

CS‘I
1

SCLK

EE @O0 00090000000008 0TI T0000000000
Hi-Z

iso! . 00 000000000000
Y B ¢ Yo Y Yo Y Y 2 00 0 0 0 0 6.0, B 0.0 6.0.0 00,0 0.0

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Figure 8. SPI data output sequence diagram

A complete SPI data transmission protocol, as shown in Figure 8, starts with the falling edge of CS and ends
at the rising edge of CS. SCLK consists of 32 SPI serial clock pulses, controlled by the SPI master. When
there is no SPI communication, CS is defaulted to high level, and SCLK to low level. MOSI and MISO are
the input and output of SPI serial data, respectively. When SPI is not in output mode, MISO remains in "HI-Z"
mode.

* CS: Low level during SPI communication, default high level when not communicating.
* SCLK: Consists of 32 clock pulses.
* MOSI: Consists of a 3-bit Op_code, 8-bit address, 5-bit idle, and 16-bit data.
+ MISO: MISO" When MISO outputs register data, it consists of 16-bit data.
MISO? When MISO is in angle output mode, it consists of 28-bit data.

Op_code Definition
001 Write_ee
101 Write_register
110 Read_register
111 Change_mode
011 Read_angle

MultiDimension Technology Co., Ltd.
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10.4.3 SPI Write EEPROM

CS—I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

L 000.0.00000000.00000008000000000000
Hi-Z

Figure 9. SPI write EEPROM sequence diagram

When writing EEPROM through SPI operation, the Op_code is: 3'b001. This corresponds to the EEPROM
address from high to low corresponding to a7~a0, and the corresponding EEPROM data from high to low
corresponding to d15~d0. After the operation is completed, wait at least 1000 ms before performing other
actions.

10.4.4 SPI Write Register

CS—I
1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

R 000000000000000008883200060600000
Hi-Z

Figure 10. SPI write register sequence diagram

When writing register through SPI operation, the Op_code is: 3'b101. This corresponds to the register address
from high to low corresponding to a7~a0, and the corresponding register data from high to low corresponding
to d15~d0. After the operation is completed, wait at least 2 ms before performing other actions.

10.4.5 SPI| Read Register

CS—I

SCLK

00000000004
wiso i $80800.0000000000

Figure 11. SPI write register sequence diagram

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

When reading register through SPI operation, the Op_code is: 3'b110, corresponding the register address from
high to low from a7~a0. After the operation is completed, wait at least 2 ms before performing other actions.

MultiDimension Technology Co., Ltd. N
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10.4.6 SPI Mode Change (Normal mode to user mode)

CS—I
1

SCLK

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

e 000.0.0.0.0.000000.0000000000000000000

Hi-Z
MISO

Figure 12. Normal mode to user mode change sequence diagram

When changing from normal mode to user mode through SPI operation, the Op_code is 3'b111. The matching
register address is 8'b0000_0011 (8'h03), corresponding to register data 16’b1110_1101_1110_1101(16’headed).
After successfully entering user mode from normal mode, wait at least 2 ms before performing other actions.

10.4.7 SPI Mode Change (User mode to normal mode)

CS—I
1

SCLK

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

e 000.0.0.0.000000.00000000.0.00000000000

Hi-Z
MISO

Figure 13. User mode to normal mode change sequence diagram

When returning from user mode to normal mode through SPI operation, the Op_code is 3'b111. The matching
register address is 8'b0000_0011 (8'h03), corresponding to register data 16’b1110_1101_1110_1101(16’headed).
Operate once to return from user mode to normal mode. Wait at least 5ms before performing other actions.

10.4.8 SPI Read Angle

cs |
1

SCLK

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

e 000.0.0000000.000000805C000000000000
Hi-Z2

MISO 00 oSeee00sa0080CoT0000000000

Figure 14. SPI read angle sequence diagram

When reading angle through SPI, the Op_code is 3'b011. d27~d5 corresponds to angle value; d4~d1 is the an-
gle value corresponding to CRC code; dO0 is error. Wait at least 2 us before performing other actions.

1) d[27:5]: 23-bit angle data. The absolute angle value 6 between 0 to 360° may be calculated by:

2

2 .
> Angle<i>x2'
i=0

8388608

x 360"

2) d[4:1]: 4-bit CRC code. The CRC range is 1-bit "0" followed by 23-bit angle value (24-bit data in total). CRC
polynomial is x* + x> + x* +1, and the initial value is 4'b0011.
3) dO: error

MultiDimension Technology Co., Ltd.
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11. Calibration

For different customer requirements, the TMR3111 offers two calibration modes, as shown in Figure 15.
Customers can use the TMR3111's built-in auto-calibration function or the 64-point non-linear calibration (LNR)
function to achieve precise angle output. When using non-linear calibration (LNR), it is recommended to use
a high-precision optical encoder.

Accuracy
A

INL< +0.03°
(Typical 25°C)

INL < +0.05°
(Typical 25°C)

\4

Auto - Calibration 64 -points Calibration

Figure 15. TMR3111 calibration options

11.1 Factory Calibration
Before delivery, MultiDimension Technology performs factory calibration on the TMR3111 to calibrate the
original offset, gain mismatch and phase deviation of the angle sine/cosine signal. The original factory angular

error is < £0.1°.

11.2 Auto-Calibration

MultiDimension Technology recommends users to calibrate the TMR3111 through the built-in auto-calibration
function to maximize the encoder’s performance in different applications and environments. Refer to procedures
listed below to perform TMR3111 self-calibration. Install the TMR3111 in on-axis position as shown in Figure
17. Run the motor at constant speed”. Initiate auto-calibration function through SPI”. The TMR3111 will
begin auto-calibration and calculate relevant compensation coefficients automatically. After 3 to 5 seconds,
the TMR3111 will store the compensation coefficients in the EEPROM and indicate that auto-calibration is
complete. The post auto-calibration angular error is < £0.05°.

Note:

1) The motor should run at constant speed between 300 RPM and 3000 RPM during auto-calibration. MDT
recommends 600 RPM.

2) Please refer to TMR3111 application manual or request “xMR310x demo board” to configure the encoder.

MultiDimension Technology Co., Ltd. N
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Figure 16. Auto-calibration setup illustration

11.3 Non-linear Calibration

After self-calibration, the user may further improve the TMR3111 accuracy by performing 64-point non-linear

calibration. Non-linear calibration is performed by comparing TMR3111 output to that of a high accuracy optical

encoder.

1. Evenly divide 0 to 360° into 64 segments.

2. At each segment, read the TMR3111 SPI angle output and angle output of optical encoder.

3. Calculate the angular error for each segment by subtracting the TMR3111 angle output from the optical
encoder angle output.

4. Store the error to Inr_point0 [7:0] ~ Inr_point63 [7:0] where Inr_point0 [7:0] ~ Inr_point63 [7:0] is the
complement method and bit [7] is the sigh bit.

5. Complete the non-linear calibration to yield better output.

A Magnetic encoder output
Mapping relations between magnetic encoder and optical encoder
Pl ———Pp Pl
P2 —Pp 2
H
L)
P64’ P P31
L]
°
L]
L]
L]
. P9 °
e fo Reference angle
P6;, P8 "
Py A6 " o) |
oy I3 3 utput angle

i o TN R 5
P1 Ll
0° Optical encoder output

Figure 17. 64-point calibration illustration
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12. Register List

Register Definition

Description

spi_zero [22:0]

SPI output zero setting

abz_zero [13:0]

ABZ output zero setting

z_initial [1:0]

Z phase setting

z_width [13:0]

Z width setting

abz_hys [3:0]

ABZ angle hysteresis

abz_res [11:0]

ABZ resolution setting

en_pwm

Enable PWM output

pwm_fre_sel [1:0]

PWM frequency setting

spi_hys [11:0]

SPI angle hysteresis

dis_error [1:0]

Enable error output

a_reverse Reverse analog signal input
ccw/cw Clockwise / counter-clockwise setting

tamagawa ABZ output A/B phase change setting
en_abz Enable ABZ output

backup id [15:0]
chip id [15:0]

Customer programmable ID

Inr_point0 [7:0] ~
Inr_point63 [7:0]

64-point non-linear calibration coefficients

MultiDimension Technology Co., Ltd.
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13. Application Circuit Examples

It is recommended to connect an external 100 nF decoupling capacitor between V,;, and GND close to the
TMR3111 chip pins, and connect 500 Q pull-up resistors for CS, SCLK, and MOSI. TMR3111 can be
configured in 4-wire or 3-wire SPI mode and the connection method is shown in Figure 18 and Figure 19.

‘W H { Voo ‘W H { Voo
B 4 PWM B Z PWM
)Tk )Tk T )Tk 7 )Tk sz T »Tk T
101 19, 181 71 16, 101 19, 181 71 16,
@ [Ghan] [Ghan] [Ghan] (g @ (G (G [Ghan] [Ghan]
‘11 120 130 1410 15 P11 120 130 140 15
\i/ N \i/ N N 2 \i/ N NS N
A MOSI MISOS%LK C A MOSI MISOS%LK C
1 1
VDD VDD
Figure 18. Schematic of 4-wire SPI circuit Figure 19. Schematic of 3-wire SPI circuit
MultiDimension Technology Co., Ltd.
http://www.dowaytech.com/en/ ‘ ‘DT 17
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14. Mechanical Angle Orientation
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Figure 20. Definition of the magnetic field orientation measured by TMR3111
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15. Dimensions

DFN10L Package
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Figure 21. Package outline of DFN10L (unit: mm)
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negligence), warranty, breach of contract or any other legal theory. Notwithstanding any damages that
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Absolute maximum ratings are the extreme limits the device will withstand without damage to the MDT
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