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4 Pin Configuration and Functions
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& 4-1. PW Package 16-Pin TSSOP Top View

% 4-1. Pin Functions

PIN TYPE(") DESCRIPTION
NO. NAME
1 Cs2 | Chip select, bottom die
2 SDO2 o} Serial data out, bottom die
3 SCK2 | Serial clock, bottom die
4 SDI2 | Serial data in, bottom die
5 SCKA1 | Serial clock, top die
6 SDI1 | Serial data in, top die
7 SDO1 O Serial data out, top die
8 Cs1 | Chip select, top die
9 VCCA1 P Main power supply, top die. Handles 2.3-V to 5.5-V power supply input
10 GND1 G Ground, top die
11 TEST1 1/0 Test input, top die, connect to ground
12 ALERTT 1/0 Status output/Trigger, top die
13 TEST2 1/0 Test input, bottom die, connect to ground
14 ALERT2 1/O Status output/Trigger, bottom die
15 GND2 G Ground, bottom die
16 VCC2 P Main power supply, bottom die. Handles 2.3-V to 5.5-V power supply input
(1) 1 =input, O = output, I/O = input and output, G = ground, P = power
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5 Specifications
5.1 Absolute Maximum Ratings

MIN MAX UNIT
Vee Main supply voltage, VCC1, VCC2 -0.3 7 \%
lout Output current, SDO1, SDO2, ALERTT, ALERT2 -10 10 mA
Pin voltage, SDO1, SDO2, ALERT1, ALERT2 -0.3 7 \Y
Vio 7 7
! Pin voltage, SDI1, CST, SCK1, SDI2, CS2, SCK2 ~03 VecrO3or v
Veeio +0.3
Bmax Magnetic flux density Unlimited T
T, Junction temperature -40 170 °C
Tstg Storage temperature - 65 170 °C
5.2 ESD Ratings
VALUE | UNIT
Human body model (HBM), per AEC Q100-002(") £2000
HBM ESD classification level 2 -
Vesp) |Electrostatic discharge Charged device model (CDM), per | Corner pins (1, 8, 9, and 16) +750 v
AEC Q100-011 -
CDM ESD classification level C4B | All pins +500

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

5.3 Recommended Operating Conditions

MIN MAX UNIT
Vvee Main supply voltage 2.3 5.5 \%
Output current, SDO1, SDO2 -2 2 mA
lour Output current, ALERTT, ALERT2 0 2 mA
Pin voltage, SDO1, SDO2, ALERT1, ALERT2 0 55 \Y
Vio Pin voltage, SDI1, TS7, SCK1, SDI2, CS2, SCK2 o VectO03or v
Veeio +0.3
Ta Operating free air temperature -40 150 C

5.4 Thermal Information

TMAG5170D-Q1

THERMAL METRIC(") PW (16-TSSOP) UNIT

PINS
R ya Junction-to-ambient thermal resistance 106.4 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 33.5 °C/W
Roys Junction-to-board thermal resistance 63.5 °C/W
Wr Junction-to-top characterization parameter 24 °C/W
RO Junction-to-board characterization parameter 62.7 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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5.5 Electrical Characteristics

Over Tp = -40°C to 125°C range and V¢ = 2.3 V to 5.5 V (unless otherwise noted); Typical specification are at Tp = 25°C
and V¢c = 5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Digital Input/Output
Vv Input logic high voltage, SDI1, CS1, 0.75* Vv
H SCK1, SDI2, CS2, SCK2 Vee
Input logic low voltage, SDI1, CS1, 0.25 *
Vi SCK1, ALERT1, SDI2, CS2, .V \
SCK2, ALERT2 cc
VoH Output HIGH voltage, SDOx pins louT = 2 MA VCCO 4 Vee| V
VoL Output LOW voltage, SDOXx pins lout = -2 mA 0.4 \%
VoL Output LOW voltage, ALERTx pins lout = -2 mA 0.4 Vv
— ) Rpy = 10 kQ
traLL ATERT ALERTX output fall time CfU: 20 pF 50 ns
ALERTx_ output pulse width with ALERT MODE = 0h
tALERT conversion complete or threshold ; 5 us
. Interrupt & Trigger Mode
cross interrupt event
¢ ALERTX output pulse width with other | ALERT_MODE = Oh 31 s
ALERT interrupt events Interrupt & Trigger Mode H
loz Output Leakage current, ALERTX pins ALE'ST pin disabled 0 30 100 nA
Voz=55V
Power Supply
Power on reset voltage at VCCx
Ve, PORRise ramping up 9 1.15 1.4 17| Vv
Power off reset voltage at VCCx
Vce_PoRFall ramping down 0.8 1.2 16| V
Vee wv Under voltage threshold at VCCx 2.0 21 23 \Y
Vee ov Over voltage threshold at VCCx 5.57 5.9 6.9 \Y
Active mode current from VCC1 or ~=
IACTIVE VCC2 CS hlgh 3.4 4.5 mA
lstoBY Stand-by mode current from VCC1 or TS high 08 121 mA
VCC2
Configuration mode current from ~=
lcre VCC1 or VCC2 CS high 0.06 0.15] mA
Sleep mode current from VCC1 or p—
IsLp VCC2 CS high 1.3 45 pA
Deep sleep mode current from VCC1 | <=, .
Ipgep sLp orvpccz P CS high 5 300/ nA
. Data active rate 1000 Hz 290 uA
Duty-cycle mode current consumption
for each die Data active rate 100 Hz 34 [VIaN
One channel enabled Data active rate 10 Hz 4.5 MA
CONV_AVG = 0h -
I - Data active rate 1 Hz 2.2 HA
co_beu ) Data active rate 1000 Hz 360 uA
Duty-cycle mode current consumption
for each die Data active rate 100 Hz 43 uA
Two channels enabled Data active rate 10 Hz 5 WA
CONV_AVG = 0h -
- Data active rate 1 Hz 2.3 uA
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Over Ty = -40°C to 125°C range and V¢ = 2.3 V to 5.5 V (unless otherwise noted); Typical specification are at Tp = 25°C
and V¢c = 5V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT

Operating Speed

Pulse width for conversion trigger input
tw_trigger signal 15 us

Conversion time (V) CONV_AVG = 0h(? 50 us
tmeasure OPERATING_MODE = 2h

One channel enabled CONV_AVG = 5h®) 825 Hs

Internal high-frequency oscillator
furosc epend gh-irequency 2.95 3.2 35| MHz
fLrosc Internal low-frequency oscillator speed 13.5 16 19.5| KHz

Temperature Sensing

TseENs_To Reference temperature for TADCrq 20.5 25 29.5 C
TADCro TEMP_RESULT decimal value @ 17522
Tsens_To
TADCRgs Temp sensing resolution 58.2 60.0 61.8| LSB/C
CONV_AVG = 5h 0.06 T
NRMS (T) RMS (1 Sigma) temperature noise
CONV_AVG = 0h 0.35 T
Sensor Location
et o Sensor displacement in the X and Y 25 75| um
- plane
Ast_s2 Relative angular rotation between top 1 3| deg

and bottom sensor in degree

(1)  To calculate the time between conversion request and the availability of the conversion result, add the initialization time to the tyeasure
as explained in Comparing Operating Modes Table. For continuous conversion, the initialization time is applicable only for the first
conversion.

(2) Add 25 ps for each additional channel enabled for conversion with CONV_AVG = Oh.

(3) For conversion with CONV_AVG = 5h, each axis data is collected 32 times. If an additional channel is enabled with CONV_AVG = 5h,
add 32x25 ps = 80 Ous to the tneasure t0 calculate the conversion time for two axes.
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5.6 Magnetic Characteristics

Over T =-40°C to 125°C range and V¢ = 2.3 V to 5.5 V (unless otherwise noted); Typical specification are at Tp = 25°C
and V¢c = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
TMAG5170A1
x_RANGE® = 0h 150 mT
BRANGE Linear magnetic range x_RANGE® = 1h +25 mT
x_RANGE® = 2h +100 mT
x_RANGE® = 0h 654 LSB/mT
SENS Sensitivity x_RANGE® = 1h 1308 LSB/mT
x_RANGE® = 2h 326 LSB/mT
B =25mT, 50
- X, Y, or Z axis N 1.0 39 %
SENSgRrr Sensitivity error Ta = 25°C
A Brance = 100 mT +1.0 49 %
e . X, Y, or Z axis o
SENSEgrr pr | Sensitivity thermal drift Brance = 25 mT, 50 mT, 100 mT +1.0 +3.4 %
SENS,1p Sensitivity Lifetime drift X, Y, Z axes +0.5 %
o ) X, Y axes 0.1 %
SENS ¢ Sensitivity Linearity Error Ta=25°C
Z axis +0.05 %
X-Y axes +0.02 +4.5 %
SENSwuis Sensitivity mismatch Ta=25°C Y-Z axes +0.17 5.4 %
X-Z axes 10.15 4.5 %
X-Y axes 0.8 2.3 %
SENSwis_oR ?sfrt]smwty mismatch thermal Y-Z axes +0.7 +3.1 %
X-Z axes +1.4 +3.1 %
X, Y, or Z axis
Brance = 25 mT, 50 Ta=25°C +10 +400 uT
BorrseT Magnetic Offset mT
X, Y, or Z axis — 9o
Brance = 100 mT Ta=25°C +150 +600 uT
B Offset th - XorY axis +1.0 +8.1| uT/°C
set thermal dri
OFFSET_DR Z axis +0.50 21| pTrC
BOFFSET_LTD Offset Lifetime drift +50 HT
XorY axis Ta=25°C 140 185 uT
x_RANGE® = 0h
CONV AVG = 0h Ta=125°C 160 217 uT
XorY axis Ta=25°C 25 45 uT
x_RANGE® = 0h ~ .
5 RMS (1 Sigma) magnetic | CONV_AVG = 5h Ta=125°C 30 55| T
NRMS noise Z axis Tp=25°C 62 82| T
Z RANGE® =0h A
CONV_AVG = 0h Ta=125°C 70 90 uT
Z axis Ta=25°C 11 20 uT
Z RANGE® = 0h A
CONV_AVG =5h Ta=125 C 13 23 uT
X-Y axes RANGE = 0h, 2h +0.5 +1.1 deg
X-Z,Y-Z CONY_FVG =5h 0.5 14 d
-Z, Y-Z axes — 9E0 +0. +1. e
ANGgrr @ |Angle error Ta=25°C I
X-Y axes RANGE = 0h, 2h +1.5| deg
X-Z, Y-Z axes CONV_AVG = 5h +2.2| deg
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Over Ta =-40°C to 125°C range and V¢ = 2.3 V to 5.5 V (unless otherwise noted); Typical specification are at T = 25°C
and Ve = 5V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
TMAG5170A2
x_RANGE® = 0h +150 mT
BRANGE Linear magnetic range x_RANGE® = 1h +75 mT
x_RANGE® = 2h +300 mT
x_RANGE® = 0h 218 LSB/mT
SENS Sensitivity X, Y, or Z axis x_RANGE® = 1h 436 LSB/mT
x_RANGE® = 2h 108 LSB/mT
B =75mT, 150
. X, Y, or Z axis mF-arANGE 1.0 .5 %
SENSgRrr Sensitivity error Ta = 25°C
A Brance = 300 mT +0.7 55| %
BRANGE =75mT, 150 11 42 %
SENSERrr pr | Sensitivity thermal drift X, Y, or Z axis mT
BRANGE =300 mT +1.6 +4.1 %
=25° X, Y axes +0.1 %
SENS e Sensitivity Linearity error Ta=25°C >
Z axis +0.1 %
SENS|1p Sensitivity Lifetime drift X, Y, Z axes +0.6 %
XY axes iFSFANGE =75mT, 150 0.9 36| %
Ta=25°C
BRANGE =300 mT +1 6.8 %
L Y-Z axes Brance = 75 mT, 150 +1.6 +4.4 %
SENSyis Sensitivity mismatch T. = 25°C mT
A Brance = 300 mT +14 74 %
X-Z axes Brance = 75T, 150 £12 40| %
Ta=25°C
BRANGE =300 mT +1.1 +6.8 %
Brance = 75 mT, 150 0.5 30| %
X-Y axes mT
BRANGE =300 mT +0.5 +3.3 %
BRANGE =75 mT, 150 +
itivi i +0.4 +4.0 %
SENSwis_oR (?:frt]smwty mismatch thermal Y-Z axes mT o
BRANGE =300 mT +0.2 +4.5 %
BRANGE =75mT, 150 0.2 40 %
X-Z axes mT
Brance =300 mT +1.1 +4.4 %
Magnetic offset Brane = 75 mT, 150 +110 +600| T
Borrser Ta =25°C mT
Magnetic offset Brance =300 mT +415 +1150 uT
Brange = 75 mt, 150 | X or Y axis +1.0 +7.0| uT/°C
BOFFSET_DR Offset thermal drift mT Z axis +1.5 +3.1 }JT/OC
Brance = 300 mT X, Y, or Z axis +2.5 +8.5| uT/°C
BOFFSET_LTD Offset Lifetime drift 25 uT
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Over Tp =-40°C to 125°C range and V¢ = 2.3 V to 5.5 V (unless otherwise noted); Typical specification are at Ty = 25°C

and Ve = 5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
XorY axis Ta=25°C 160 225 uT
x_RANGE® = 0h
CONV AVG =0h TA =125°C 193 270 UT
XorY axis Ta=25°C 28 55 uT
x_RANGE® = 0h _ c
B RMS (1 Sigma) magnetic CONV_AVG = 5h Ta=125 35 60 wWT
NRMS noise Z axis Ta=25°C 75 120 T
Z_RANGE® = 0h
CONV AVG =0h TA =125°C 84 140 pT
Z axis Ta=25°C 13 26 uT
Z_RANGE® = 0h .
CONV_AVG =5h TA =125°C 15 30 HT
RANGE = Oh or 1h
X-Y, Y-Z, X-Z axes CONV_AVG = 5h 0.5 +1.2| deg
ANGgrgr @ |Angle error Ta=25°C
X-Y axes RANGE = 0Oh or 1h £1.65| deg
Y-Z, X-Z axes CONV_AVG = 5h +1.9]| deg
TEMPERATURE COMPENSATION
sTC Temperature cc_)mpensanon MAG_TEMPCO = 0Oh 0 %/°C
(no compensation)
Temperature compensation _ o) fo
STC (for NdBFe magnet) MAG_TEMPCO = 1h 0.12 %I°C
sTC Temperature compensation |\, TEMPCO = 2h 0.03 %/°C
(for SmCo magnet)
sTC Temperature compensation |\, TEMPCO = 3h 0.2 %/°C
(for Ceramic magnet)

(1) Drift at any temperature can be calculated from drift values at -40°C to 125°C.

(2) x_RANGE denotes the X_RANGE, Y_RANGE, or Z_RANGE register bits

(3) Angle measurement is performed in static condition using arctan of corresponding X, Y, and Z register values with offset and gain
corrections. The input fields have peak magnitudes equal to 80% of the magnetic full range.

Copyright © 2024 Texas Instruments Incorporated PR PR 9

Product Folder Links: TMAG5170D-Q1
English Data Sheet: SLYS052


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tmag5170d-q1?qgpn=tmag5170d-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSQR8
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQR8A&partnum=TMAG5170D-Q1
https://www.ti.com.cn/product/cn/tmag5170d-q1?qgpn=tmag5170d-q1
https://www.ti.com/lit/pdf/SLYS052

TMAG5170D-Q1
ZHCSQR8A - MARCH 2023 - REVISED DECEMBER 2023

I

Texas
INSTRUMENTS

www.ti.com.cn

5.7 Power up Timing

Over T =-40°C to 125°C range and V¢ = 2.3 V to 5.5 V (unless otherwise noted); Typical specification are at Tp = 25°C
and V¢c = 5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Vec=5.5V

tstart_power_up | TiMe to start up after Vi cc supply voltage crossing Vycc min 246 us
tstart_sleep Time to activate from sleep mode 40 us
tgo_sleep Time to go into sleep mode after CS goes high 50 us
tstart_deep_sleep | TiMe to start up from deep sleep mode 246 us
tstart_deep_sleep | TiMe to go into deep sleep mode after CS goes high 75 us
tstand_by Time to go to Stand-by mode from Configuration mode 150 us
Vec=23V

tstart_power_up | TiMe to start up after Ve supply voltage crossing Ve min 260 us
tstart_sleep Time to activate from sleep mode 40 us
tgo_sleep Time to go into sleep mode after CS goes high 60 us
tstart_deep_sleep | TiMe to start up from deep sleep mode 260 us
tstart_deep_sleep | TiMe to go into deep sleep mode after CS goes high 75 us
tstand_by Time to go to Stand-by mode from Configuration mode 150 us

5.8 SPI Interface Timing

Over Tp =-40°C to 125°C range and V¢ = 2.3 V to 5.5 V (unless otherwise noted); Typical specification are at Ty = 25°C
and V¢c = 5V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SPI Interface
C|_ =25 pF
fspi SPI clock (SCK) frequency Vee=2.3V103.0V 8| MHz
C|_ =25 pF

fspi SPI clock (SCK) frequency Vee=3.0V1055V 10| MHz
twhigh High time: SCK logic high time duration 45 ns
twlow Low time: SCK logic low time duration 45 ns
¢ CS setup time: Time delay between falling edge of CS and rising 45 ns
su_cs edge of SCK

Hold time: Time between the falling edge of SCK and rising edge
th ey 45 ns

oS of CS

Delay time: Time delay from falling edge of CS to data valid at
tod_soen SDO 45| ns
t _ Delay time: Time delay from rising edge of CS to SDO transition 55| ns
pd_sodis to high-impedance
tsu_si SDI setup time: Setup time of SDI before the rising edge of SCK 25 ns
th_si Hold time: Time between the rising edge of SCK to SDI valid 25 ns
tod_so Propagation delay from falling edge of SCK to SDO 45| ns

SPI transfer inactive time (time between two transfers) during _
bw_cs which TS must remain high. CL=25pF 100 ns

Setup time between CS going low and SCK start during dee
tspi_deep_sleep slee;?mode going 9 P 150 320 ps
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5.9 Typical Characteristics
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& 5-5. Z-Axis Input vs Conversion Average, 75-mT Range & 5-6. X, Y-Axis Noise vs Conversion Average, 75-mT Range
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5.9 Typical Characteristics (continued)

RMS Noise (uT)

100
— —40°C
— 0°C
— 20°C
75 1 — 85°C
— 125°C
— 150°C
50 \
§§ﬁ
0
0 4 8 12 16 20 24 28 32

Conversion Average

] 5-7. Z-Axis Noise vs Conversion Average, 100-mT Range

RMS Noise (uT)

A 5-8. X, Y-Axis Noise vs Conversion Average, 100-mT Range

200
— —40°C
175 |1 — 0°C
\ — 20°C
150 |-\ — 85°C
— 125°C
125 — 150°C
100 \\\\\
75
Q\
50 g‘
25
0
0 4 8 12 16 20 24 28 32

Conversion Average

RMS Noise (u.T)

100
— —40°C
— 0°C
\ — 20°C
75 — 85°C
— 125°C
\ — 150°C
50 §
25 N
[——
0
4 8 12 16 20 24 28 32

Conversion Average

A 5-9. Z-Axis Noise vs Conversion Average, 150-mT Range

RMS Noise (uT)

B 5-10. X, Y-Axis Noise vs Conversion Average, 150-mT Range

200

175

150

_\_‘
[ ~ o N
o (4] o (4]
//
A/

N
o

|

— —40°C
— 0°C

\

— 20°C
85°C

\

— 125°C
150°C

==
——

%

N

8 12 16 20 28 32

Conversion Average

24

RMS Noise (u.T)

125

— —40°C
‘ — o°C

— 20°C

1

00 — 85°C
— 125°C
— 150°C

75

50 \

\
25
0
0 4 8 12 16 20 24 28 32

Conversion Average

A 5-11. Z-Axis Noise vs Conversion Average, 300-mT Range

RMS Noise (uT)

Kl 5-12. X, Y-Axis Noise vs Conversion Average, 300-mT Range

250

200

-
a
o

-
o
o

50

— —40°C
— oC
— 20°C

— 85°C
— 125°C
150°C

~

i

T T

4 8

12 16 20 24 28 32

Conversion Average

12

FERXFIRIF

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TMAG5170D-Q1

English Data Sheet: SLYS052


https://www.ti.com.cn/product/cn/tmag5170d-q1?qgpn=tmag5170d-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSQR8
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQR8A&partnum=TMAG5170D-Q1
https://www.ti.com.cn/product/cn/tmag5170d-q1?qgpn=tmag5170d-q1
https://www.ti.com/lit/pdf/SLYS052

I

TEXAS
INSTRUMENTS

TMAG5170D-Q1

www.ti.com.cn ZHCSQR8A - MARCH 2023 - REVISED DECEMBER 2023

5.9 Typical Characteristics (continued)
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6 Detailed Description
6.1 Overview

The TMAG5170D-Q1 IC is based on the Hall-effect technology and precision mixed signal circuitry from Texas
Instruments. The output signals (raw X, Y, Z magnetic data and die temperature data) is provided through the
SPI. The device can be configured in multiple settings through user access registers in the SPI.

The IC consists of the following functional and building blocks:

* The Power Management & Oscillator block contains a low-power oscillator, biasing circuitry, undervoltage
and overvoltage detection circuitry, and a fast oscillator.

* The sensing and temperature measurement block contains the Hall biasing, Hall sensors with multiplexers,
noise filters, integrator circuit, temperature sensor, and the ADC. The Hall sensor data and temperature data
are multiplexed through the same ADC.

* The Interface block contains the SPI control circuitry, ESD protection circuits, and all the I/O circuits. The
TMAG5170D-Q1 supports SPI along with an integrated cyclic redundancy check (CRC).

* The diagnostic blocks are embedded in the circuitry to enable mandatory and user-enabled diagnostic
checks.

6.2 Functional Block Diagram

VCC1
- - r--—-"-""-"--"=-"=">-->"-"-"->-""-""->"=-""">"=>->-""">-">"-"="-""=""=--="=="="="= ]
I : | scka
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:: Z Result Registers . SDO1
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6.3 Feature Description
6.3.1 Magnetic Flux Direction

The TMAG5170D-Q1 is sensitive to the magnetic field component in X, Y, and Z directions. The X and Y fields
are in-plane with the package. The Z field is perpendicular to the top of the package. The device is sensitive to
both magnetic north and south poles in each axis. As shown in ¥ 6-1, the device generates positive ADC codes
in response to a magnetic south pole in the proximity. Similarly, the device generates negative ADC codes if
magnetic north poles approach from the same directions.

& 6-1. Direction of Applied Magnetic South Pole to Generate Positive ADC Codes

6.3.2 Sensor Location

K| 6-2 shows the location of the X, Y, Z Hall elements inside the TMAG5170D-Q1.

—© —
[— I
— 2= 5mm —
[— I
— x ‘YzA I
2432015 |
— I
[— —
Top sensor

Bottom sensor

K 6-2. Location of X, Y, Z Hall Elements
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6.3.3 Magnetic Range Selection

# 6-1 shows the magnetic range selection for the TMAG5170D-Q1 device. Each axis range can be
independently selected irrespective of the others.

% 6-1. Magnetic Range Selection

RANGE REGISTER SETTING TMAG5170A1-Q1 TMAG5170A2-Q1 COMMENT

X_RANGE = 0h +50 mT +150 mT

X Axis Field X_RANGE = 1h +25mT 75 mT Best resolution case
X_RANGE = 2h +100 mT +300 mT Highest range, best SNR case
Y_RANGE =0h +50 mT +150 mT

Y Axis Field Y_RANGE = 1h 25 mT +75mT Best resolution case
Y_RANGE = 2h +100 mT +300 mT Highest range, best SNR case
Z_RANGE = 0h +50 mT +150 mT

Z Axis Field Z_RANGE = 1h +25 mT 75 mT Best resolution case
Z_RANGE = 2h +100 mT +300 mT Highest range, best SNR case

6.3.4 Update Rate Settings

The TMAG5170D-Q1 offers multiple update rates for system design flexibility. ¥/ 6-4 shows the different update
rates for the TMAG5170D-Q1 during continuous conversion.

# 6-2. Update Rate Settings

UPDATE RATE
OP“E"%%TEING REGISTER SETTING SINGLE AXIS TWO AXIS THREE AXIS COMMENT
X, Y, Z Axis CONV_AVG = 0h 20 kSPS 13.3 kSPS 10 kSPS Fastest update rate
X, Y, Z Axis CONV_AVG = 1h 13.3 kSPS 8.0 kSPS 5.7 kSPS
X, Y, Z Axis CONV_AVG = 2h 8.0 kSPS 4.4 kKSPS 3.1 kSPS
X, Y, Z Axis CONV_AVG = 3h 4.4 KSPS 2.4 kSPS 1.6 kSPS
X, Y, Z Axis CONV_AVG = 4h 2.4 kSPS 1.2 kSPS 0.8 kSPS
X, Y, Z Axis CONV_AVG = 5h 1.2 kSPS 0.6 kSPS 0.4 kSPS Best SNR case

6.3.5 ALERT Function
The ALERT pin of the TMAG5170D-Q1 supports multiple operating modes targeting different applications.
6.3.5.1 Interrupt and Trigger Mode

With ALERT_MODE at default value of Ob, the ALERT output can be configured to generate an interrupt signal
for the microcontroller when a user-defined event occurs. A user-defined event can be a conversion completion
or an error from diagnostic tests. The ALERT pin can also trigger a conversion start in this mode using the
TRIGGER_MODE register bit.
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6.3.5.2 Magnetic Switch Mode

With ALERT_MODE set at 1b, the ALERT output is configured as a magnetic switch. One or multiple magnetic
channels can be selected in the ALERT_CONFIG register. The magnetic switch thresholds are determined by
the *_THRX_CONFIG register bits setting. If the measured magnetic field is greater than *_HI_THRESHOLD, or
smaller than * LO_THRESHOLD, the ALERT output will assert low. |4 6-3 shows the magnetic switch function
using the X-axis magnetic field as an example.

X Channel Magnetic
Field (mT)

X_HI_THRESHOLD (mT) /

X_LO_THRESHOLD (mT)

ALERT (V)

time

Magnetic field crossing X_HI_THRESHOLD & X_LO_THRESHOLD levels

X Channel Magnetic
Field (mT)
X_HI_THRESHOLD (mT) /
X_LO_THRESHOLD (mT)
ALERT (V)
time
Magnetic field crossing only X_HI_THRESHOLD levels
& 6-3. ALERT Pin Working as Magnetic Switch
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6.3.6 Threshold Count

The THRX_COUNT bits in the ALERT_CONFIG register offer robust noise filtering and immunity against false
tripping while the TMAG5170D-Q1 implements the ALERT function for a specific magnetic or temperature
threshold crossing. With THRX_COUNT at default 00b, only one measured value must cross the threshold to be
considered a valid threshold crossing event. With THRX_COUNT at 11b, four successive measured values must
cross the threshold to be considered a valid threshold crossing. An internal counter tracks and records the
number of threshold crossing for a given sensor.

The counter resets if any of the below events occur:

* The device meets the threshold cross count for the specified number per the THRX_COUNT bits, the
corresponding *CH_THX bit(s) are set, and the SPI read of the SYS_STATUS register occurred
* If a measured result does not cross the threshold

When the ALERT pin is configured to work as a magnetic switch, the threshold count is active for both low-to-
high and high-to-low transitions, offering noise immunity in both directions of the threshold cross.

6.3.7 Diagnostics

The TMAG5170D-Q1 supports several device and system level diagnostics features to detect, monitor, and
report failures during the device operation.

In the event of a failure, the TMAGS5170D-Q1 reports back to the controller through the following mechanisms:
* ERROR_STAT bit during the SDO read frame

» Direct read of the status registers through the SPI

» ALERT pin response to indicate a failure, if enabled

* No response through SDO line, or CRC error during SPI communication

The TMAG5170D-Q1 performs the following device and system level checks:
6.3.7.1 Memory Cyclic Redundancy Check (CRC)

This diagnostic mechanism checks the content of the internal memory by comparing a calculated CRC of the
read content against a factory-programmed expected CRC value. During runtime, when the internal memory is
read again for configuration for different channels, the CRC is checked again, providing detection of memory
errors even during runtime.

Run Mode Continuous
Configuration Register(s) N/A

Fault Register Bit TRIM_STAT

Impact if disabled N/A. Cannot be disabled

6.3.7.2 ALERT Integrity Check

This diagnostic mechanism checks and compares the read back value of the ALERT pin to the value that is
driven by the device. This will check the presence of an external short on ALERT pin to a higher voltage such as
VCC which will prevent device to indicate a fault. When the controller is driving the ALERT pin to trigger a
measurement, the controller can read the ALRT_LVL bit to check if the correct polarity of the ALERT was
detected by the device, thus checking any failures on the pin.

Run Mode Continuous
Configuration Register(s) N/A
Fault Register Bit ALRT_DRV and ALRT_LVL

Impact if disabled When driven by device N/A. Cannot be disabled. When driven by controller, device may not detect a new
measurement command and still report old measurement data.
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6.3.7.3 VCC Check

This diagnostic mechanism continuously checks the external voltage supply on VCC pin and flags a fault if the
supply is out of range.

Run Mode Continuous

Data Sheet Parameters Vee uvs Vee_ ov

Fault Register Bit VCC_UV and VCC_OV
Impact if disabled N/A. Cannot be disabled.

6.3.7.4 Internal LDO Undervoltage Check

This diagnostic mechanism continuously monitors the internal regulator that supplies the critical analog blocks
and Hall sensor biasing, and flags a fault if the internal regulator falls below a threshold after which the accuracy
of the magnetic field measurement cannot be guaranteed.

Run Mode Continuous

Data Sheet Parameters N/A

Fault Register Bit LDO_STAT

Impact if disabled N/A. Cannot be disabled.

6.3.7.5 Digital Core Power-On Reset Check

This diagnostic mechanism continuously monitors the internal regulator that supplies the internal digital core,
and puts the device in reset if the digital core cannot function reliably. The occurrence of the fault is detected by
reading the CFG_RESET bit which can only be set at power up or if the digital core was reset.

Run Mode Continuous

Data Sheet Parameters N/A

Fault Register Bit CFG_RESET

Impact if disabled N/A. Cannot be disabled.

6.3.7.6 SDO Output Check

This diagnostic mechanism continuously compares the internally driven value by device on the SDO pin to the
read-back value on SDO pin to detect any shorts to ground or power supply.

Run Mode Continuous, every time a SPI transaction is initiated
Data Sheet Parameters N/A
Fault Register Bit SDO_DRV
Impact if disabled N/A. Cannot be disabled.
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6.3.7.7 Communication Cyclic Redundancy Check (CRC)

This diagnostic mechanism for every SPI transaction will compute the CRC of the received SPI frame from the
controller and check the CRC against the CRC value transmitted by the controller, and flag a fault if the values
do not match. The device also embeds a CRC value as part of the SPI frame in the response for the controller to
check the integrity of the received data. This check detects faults with the SPI communication block in the digital
core, the SPI I/O buffers and, and the controller to check for any faults on the SPI external to the device.

Another check also runs in the background that counts the number of SPI clocks in a SPI frame and flags a fault
if the number of clocks sent by the controller is not same as the expected value. This can help the controller
detect any issues with the SPI.

Run Mode Continuous, every time a SPI transaction is initiated

Configuration Register(s) CRC_DIS to disable CRC in the SPI protocol

Fault Register Bit CRC_STAT, FRAME_STAT

Impact if disabled If CRC is disabled, then any fault with SPI communication will not be detected and incorrect value of measured

field can be reported.

6.3.7.8 Oscillator Integrity Check

This diagnostic mechanism allows the controller to check any hardware fault with the internal oscillator. With this
check, any drift of internal oscillators can be checked. The high-frequency oscillator is critical for precision
measurement of the magnetic field and low-power oscillator is critical to control wake-up and sleep mode and
other state machine control.

To run this check, external software code on the controller is required. The controller must instate the check by
setting the OSC_CNT_CTL bits to select a particular oscillator and start the internal count on the device. At the
same time, the controller also starts a counter using its own timebase. After a predetermined time, the controller
issues a stop to the oscillator count by setting OSC_CNT_CTL = 03h and read the OSC_COUNT. The read
value of the OSC_COUNT should not exceed the value based off maximum fyrosc, fLrposc in the specification
section. Consider the variation of controller speed and SPI communication when calculating the error margin for
the OSC_COUNT.

Run Mode On-demand as run by the external controller
Data Sheet Parameter(s) furosc, fLrposc

Configuration Register(s) OSC_CNT_CTL

Fault Register Bit OSC_COUNT

Impact if disabled If the controller decides not to run this test, then any drift of HF oscillator can impact the accuracy of the reported
sensor data

6.3.7.9 Magnetic Field Threshold Check

This diagnostic mechanism allows the controller to monitor the external applied field. The controller can use this
check to determine if a magnetic field is present within specified thresholds. This check, though used as check at
system level, can also indicate any gross problems with the signal path if a field much outside the expected
range is detected and reported.

To run this check, the controller must enable the check separately for each axis and also set the thresholds for
each axis independently. The user can configure the ALERT pin to toggle if the threshold crossed, which is also
reported in the user register.

Run Mode Every time a magnetic measurement is initiated and completed

Configuration Register(s) X_HLT_EN, Y_HLT_EN, Z HLT_EN to enable test. X_THRX_CONFIG, Y_THRX_CONFIG, Z_THRX_CONFIG to
set threshold

Fault Register Bit XCH_THX, YCH_THX, ZCH_THX

Impact if disabled Disabling this check does not have an impact on device-level failure detection but can impact at system level.
Examples of system failure can be loss of magnet, magnet too far, or too close to the sensor.
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6.3.7.10 Temperature Alert Check

This diagnostic mechanism allows the controller to monitor the junction temperature of the die, which is also an
indication of the ambient temperature as the device does not generate significant self-heating. This is useful to
monitor the temperature at the system level accurately and alert the controller if the temperature is exceeded.
The check can also be used to warn the controller if the die temperature due to some internal failure has
increased beyond the expected range.

To run this check, the controller must enable the temperature check and set the threshold. The user can
configure the ALERT pin to toggle if the threshold crossed, which is also reported in the user register.

Run Mode Every time a magnetic measurement is initiated and completed

Configuration Register(s) T_HLT_EN to enable test. T_THRX_CONFIG to set threshold

Fault Register Bit TEMP_THX

Impact if disabled Disabling this check does not have an impact on device-level failure detection but can impact at system level

increase or decrease of temperature.

6.3.7.11 Analog Front-End (AFE) Check

This diagnostic mechanism allows the controller to check the performance of the analog signal path. In this
check, the device disconnects the Hall sensor from the signal path and uses an alternate resistance bridge to
create a known, predetermined signal as an input to the signal path. This mechanism then checks if the
measured digital value compared to a fixed value from the factory is within a pre-programmed, factory-
determined value. This mechanism can detect issues with multiplexers, offset cancellation mechanism, the gain
stages, the low-pass filter, and the ADC as well.

To run this check, the controller must enable the check and set the scheduling for the run. During this check, the
AFE is not available for magnetic field conversion. The user can configure the ALERT pin to toggle if an error is
detected. This error is also reported in the user register.

Run Mode Every time a magnetic measurement is initiated and completed

Configuration Register(s) DIAG_EN to enable test. DIAG_SEL to schedule when the test is run

Fault Register Bit SENS_STAT

Impact if disabled If disabled, any failures or drift with the analog front-end signal path may not be detected.

6.3.7.12 Hall Resistance and Switch Matrix Check

This diagnostic mechanism allows the controller to check if the sensitivity of the Hall sensor is within the factory-
determined limits by checking the resistance of the Hall-effect sensor. In this check, the biasing and multiplexing
control of all directions of the Hall sensor (X, Y and Z) are also checked.

To run this check, the controller must enable the check and set the scheduling for the run. During this check, the
Hall sensor is not available for magnetic field conversion. The user can configure the ALERT pin to toggle if an
error is detected. This error is also reported in the user register.

Run Mode Every time a magnetic measurement is initiated and completed

Configuration Register(s) DIAG_EN to enable test. DIAG_SEL to schedule when the test is run

Fault Register Bit ZHS_STAT, YHS_STAT and XHS_STAT

Impact if disabled If disabled, any failures or drift in the Hall-effect sensor properties and biasing will not be detected, leading to

potentially incorrect magnetic field conversion
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6.3.7.13 Hall Offset Check

This diagnostic mechanism allows the controller to check if the offset of the Hall sensor is within the factory-
determined limits and the offset cancellation circuitry is working properly.

To run this check, the controller must enable the check and set the scheduling for the run. During this check, the

AFE is not available for magnetic field conversion. The user can configure the ALERT pin to toggle if an error is
detected. This error is also reported in the user register.

Run Mode Every time a magnetic measurement is initiated and completed

Configuration Register(s) DIAG_EN to enable test. DIAG_SEL to schedule when the test is run
Fault Register Bit SENS_STAT
Impact if disabled

If disabled, any failures with offset cancellation mechanism or large drift of Hall-effect sensor may not be
detected, leading to potentially incorrect magnetic field conversion.

6.3.7.14 ADC Check

This diagnostic mechanism checks ADC functionality and conversion. This check is done by converting a known

band-gap voltage, which is completely independent of the ADC reference, and comparing the voltage against
the factory-determined tolerance limits.

To run this check, the controller must enable the check and set the scheduling for the run. During this check the

AFE is not available for magnetic field conversion. The user can configure the ALERT pin to toggle if an error is
detected. This error is also reported in the user register.

Run Mode Every time a magnetic measurement is initiated and completed

Configuration Register(s) DIAG_EN to enable test. DIAG_SEL to schedule when the test is run
Fault Register Bit TEMP_STAT
Impact if disabled

If disabled, any failures with ADC conversion will not be detected, leading to potentially incorrect errors in the
converted magnetic field values.
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6.4 Device Functional Modes
6.4.1 Operating Modes

The TMAG5170D-Q1 supports multiple operating modes for wide array of applications as explained in & 6-4.
The device starts powering up after the VCC supply crosses the minimum threshold as specified in the
Recommended Operating Conditions table. Any particular operating mode can be selected by setting the
corresponding OPERATING_MODE register bits.

tstart_power_up

ep_sleep

i:

Device Startup: (Vcc crossing Vee_uv)
—»
Deep Sleep Mode —3
Wake-up and
—» Sleep Mode Sleep Mode tstart_de
tstart_steep
- Configuration Mode
[ (Default Power-up Mode)
SPI
Communication
and User tstand_by
Registers
Accessible
Trigger
L Stand-by Mode Mode
Available
—p Active Hall and Temperature Measure tmeasure

K 6-4. TMAG5170D-Q1 Power-Up Sequence

%% 6-3 shows different power saving modes of the TMAG5170D-Q1.

#* 6-3. Comparing Operating Modes

OPERATING MODE

DEVICE FUNCTION

INITIALIZATION TIME TO START

DATA CONVERSION

and start active conversion

CONVERSION(")
Active Conversion Continuously measuring X, Y, Z axis, or 10 us Supports contllnuous and trigger
temperature data mode conversion
Standby Mode Device is ready to accept SPI commands 35 us Supports trigger mode conversion

Configuration Mode

SPI and user configuration registers active

tstand_by +35 us

Supports trigger mode conversion

Wake-up & Sleep
Mode

Wakes up at a certain interval to measure
the X, Y, Z axis, or temperature data

tstart_sleep *+ tstand_by * 35 IS

1, 5, 10, 15, 20, 30, 100, 500, and
1000-ms intervals supported(").

Sleep Mode

Device retains key configuration settings,
and last measurement data

tstart_sleep *+ tstand_by * 35 Us

The microcontroller can use sleep
mode to implement other power
saving intervals not supported by
wake-up and sleep mode.

Deep-sleep Mode

Device does not retain key configuration
settings, and last measurement data

tstart_deep_sleep T tstand by + 35 us

No conversion start is supported
during deep-sleep mode

M

The timing numbers are typical parameters. The values may vary depending on the internal oscillator frequency.
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6.4.1.1 Active Mode

The TMAG5170D-Q1 converts the magnetic sensor or temperature data during active mode. Active mode
supports both continuous conversion and trigger mode conversion based off the OPERATING_MODE setting.
Continuous operation at this mode is useful for applications where the fastest data conversion is required, and
power budget is not stringent. In the active trigger mode, a controller can trigger a conversion through one of
several trigger mechanisms as described in the TRIGGER_MODE register bits. When the conversion started,
the time it takes to finish a conversion is denoted by teasure- The conversion time can vary widely based off the
MAG_CH_EN, CONV_AVG, DIAG_SEL, and DIAG_EN register bits setting. The average current consumption
during the active conversion is IacT.

6.4.1.2 Standby Mode

In standby mode, the TMAG5170D-Q1 is ready to start sensor conversion with a trigger command from a
controller. Several trigger methods are supported as defined in the TRIGGER_MODE register bits. During this
operating mode, the relevant analog and digital support circuitry remain active to enable a faster conversion
start. The average current consumption during this mode is denoted by Istpgy. The time it takes for the device to
go to standby mode from configuration mode is denoted by tstang py-

6.4.1.3 Configuration Mode (DEFAULT)

At power up, the TMAG5170D-Q1 goes into the default configuration mode. In this mode, the SPI
communication and user register access are enabled. A controller may configure the device to select the desired
operating mode, sensor data conversion, enable or disable diagnostic features, and so forth. The average
current consumption during this mode is denoted by Icrg. Similar to the standby mode, the configuration mode
also supports sensor conversion start with a trigger. However, the configuration mode takes longer time to start
the sensor conversion, and consumes approximately ten times less current compared to standby mode.

6.4.1.4 Sleep Mode

The TMAG5170D-Q1 supports the sleep mode where the device retains the user configuration settings and
previous conversion results. A controller can wake up the device from sleep mode through either the SPI
communication or the ALERT signal. The average power consumption in this mode is denoted by Ig p. The time
it takes for the device to go to the configuration mode from the sleep mode is denoted by tsiart sieep-

6.4.1.5 Wake-Up and Sleep Mode

The TMAG5170D-Q1 supports the wake-up and sleep mode where the device is configured to wake up at a
certain time interval, and perform the sensor conversion as defined in the SENSOR_CONFIG register setting.
When the sensor conversion is complete, an ALERT signal can be generated to notify the controller that the new
conversion data is ready. It is possible to generate an ALERT signal only in the event a particular magnetic or
temperature threshold is exceeded. Detail setting on ALERT signal is specified in the ALERT_CONFIG register.
A controller can wake up the TMAG5170D-Q1 and access the conversion data at any time. The average power
consumption in the wake-up and sleep mode is denoted by lycc pcu- The time it takes for the device to go to
configuration mode from wake-up and sleep mode is denoted by ts_tart_sleep-

6.4.1.6 Deep-Sleep Mode

For ultra-low power system, the TMAG5170D-Q1 supports a deep-sleep mode to conserve power. In this mode,
the TMAG5170D-Q1 does not retain the user configuration or previous result data. The device reverts back to
factory setting in this mode. The average power consumption in this mode is Ipggp s p. The time it takes for the
device to go to the configuration mode from the deep-sleep mode is denoted by tstar}_sbep.
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6.5 Programming
6.5.1 Data Definition
6.5.1.1 Magnetic Sensor Data

The X, Y, and Z magnetic sensor data are stored in the X CH_RESULT, Y_CH_RESULT, and Z CH_RESULT
registers, respectively. ADC output stored in 16-bit result registers in 2's complement format. With fastest
conversion (CONV_AVG = 0h), the ADC output loads the 12 MSB bits of the 16-bit result register along with 4
LSB bits as zeros. With CONV_AVG != 0Oh, all the 16 bits are used to store the results. With DATA_TYPE = 0Oh,

the 16-bit magnetic sensor data can be accessed through regular 32-bit SPI read. The LSB size for each
magnetic range is:

* 50 mT: 654 LSB/mT
* 25mT: 1308 LSB/mT
* 100 mT: 326 LSB/mT
* 150 mT: 218 LSB/mT
* 75mT: 436 LSB/mT
* 300 mT: 108 LSB/mT

& 6-4. 16-Bit X, Y, Z Magnetic Sensor Data Format. Two decimal places are shown.

Magnetic Field (mT) x_CH_RESULT
Range = 50 | Range = 25 | Range = 100 | Range = 150 | Range = 75 | Range = 300

mT mT mT mT mT mT BINARY HEX
-50.103 -25.051 -100.515 -150.311 -75.155 -303.407 1000 0000 0000 0000 8000h
-25.051 -12.525 -50.257 -75.155 -37.577 -151.703 1100 0000 0000 0000 CO000h
-0.001 -0.001 -0.003 -0.004 -0.002 -0.009 1111 111 1111 111 FFFFh

0 0 0 0 0 0 0000 0000 0000 0000 0000h
0.001 0.001 0.003 0.004 0.002 0.009 0000 0000 0000 0001 0001h
25.051 12.525 50.257 75.155 37.577 151.703 0100 0000 0000 0000 4000h
50.102 25.051 100.512 150.307 75.153 303.398 0111 111 111 1111 7FFFh
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6.5.1.2 Temperature Sensor Data

The TMAG5170D-Q1 temperature sensor will measure temperature from - 40°C to 170°C and store the result in
the 16-bit TEMP_RESULT register. With CONV_AVG != 0h, and DATA_TYPE = Oh, the 16-bit temperature data
can be accessed through regular 32-bit SPI read using 77#£\ 1 to calculate the temperature. If CONV_AVG =
Oh or DATA_TYPE != 0h, use /723 2 to calculate the temperature.

TADCT — TADCTy
T =TsENS To * —TADCRps (1)

where

* Tis the measured temperature in degree Celsius.

* TSENS_TO is 25°C.

* TADCRggs is 60.0 LSB/°C.

* TADCqqis 17522.

* TADC+ is the TEMP_RESULT register value in decimal.

16 x (TADCT — TA?STO)
T = Tsgns_To + TADCRES (2)
# 6-5. 16-Bit Temperature Data Format. Two decimal places are shown.
TEMPERATURE TEMP_RESULT

(°C) BINARY HEX

-40 0011 0101 0011 0110 3536h

-25 0011 1000 1011 1010 38BAh

0 0011 1110 1001 0110 3E96h

25 0100 0100 0111 0010 4472h

25.01 0100 0100 0111 0011 4473h

85 0101 0010 1000 0010 5282h

125 0101 1011 1110 0010 5BE2h
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6.5.1.3 Magnetic Sensor Offset Correction

6-5 shows that the TMAG5170D-Q1 can enable offset correction for a pair of magnetic axes. The magnetic
axes and order are selected based off the ANGLE_EN register bit settings. The MAG_OFFSET_CONFIG
register stores the offset values to be corrected in 2's complement data format. The selection and order of the
sensors are defined in the ANGLE_EN register bits setting. The default value of these offset correction registers
are set as zero.

OmT Reference Axis

K 6-5. Magnetic Sensor Data Offset Correction

The MAG_OFFSET_CONFIG register contains OFFSET_VALUE1 and OFFSET_VALUE?2 that are added to the
sensor conversion results as defined by of the OFFSET_SELECTION field of the MAG_OFFSET_CONFIG
register. The data format is 2's complement format with a LSB size define by the range.

* 50 mT: 25 uT/LSB

* 25mT: 12.5 uT/LSB
* 100 mT: 50 pT/LSB
* 150 mT: 75 pT/LSB
* 75mT: 37.5 uT/LSB
* 300 mT: 150 pT/LSB

% 6-6. 7-bit Magnetic Sensor Offset Correction Data Format. Two decimal places are shown.

Magnetic Offset (mT) Offset_Config_x[7:0]
Range = 50 | Range = 25 | Range = 100 | Range = 150 | Range = 75 | Range = 300

mT mT mT mT mT mT BINARY HEX
-1.60 -0.80 -3.20 -4.80 -2.40 -9.60 100 0000 40h
-1.35 -0.67 -2.70 -4.05 -2.02 -8.10 100 1010 4Ah
-0.02 -0.01 -0.05 -0.07 -0.03 -0.15 111 1111 7Fh

0 0 0 0 0 0 000 0000 00h

0.02 0.01 0.05 0.07 0.03 0.15 000 0001 01h
1.35 0.67 2.70 4.05 2.02 8.10 011 0110 36h
1.57 0.78 3.15 4.72 2.36 9.45 011 1111 3Fh
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6.5.1.4 Angle and Magnitude Data Definition

The TMAG5170D-Q1 calculates the angle based off the ANGLE_EN register bit settings. The 11-bit
ANGLE_RESULT value stores the angle information. The data format is an unsigned angle value with a LSB
size of 0.25°. The TMAG5170D-Q1 CORDIC offers angle resolution of 0.25 degree. The TMAG170 code
example software package has functions that can be ported to the system microcontroller for an accurate but
computationally inexpensive angle calculation using the TMAG5170D-Q1 axes readings.

% 6-7. 11-Bit Angle Data Format

ANGLE () ANGLE_RESULT[10:0]

BINARY HEX

0 000 0000 0000 000h
0.25 000 0000 0001 001h

90 001 0110 1000 168h
180 010 1101 0000 2D0h
270 100 0011 1000 438h
360 101 1010 0000 5A0h

During the angle calculation, the MAGNITUDE_RESULT[13:0] stores the resultant vector magnitude in the
MAGNITUDE_RESULT register. MAGNITUDE_RESULT is an unsigned value with a LSB size that depends on
the range of device.

* 50 mT: 40.96 LSB/mT

* 25mT: 81.92 LSB/mT

* 100 mT: 20.48 LSB/mT
* 150 mT: 13.653 LSB/mT
* 75 mT: 27.306 LSB/mT
* 300 mT: 6.826 LSB/mT

For on-axis angular measurement the magnitude value should remain constant across the full 360°
measurement.

Z 6-8. 13-bit Magnitude Data Format. Only 3 decimal places are shown.

Magnitude (mT) MAGNITUDE_RESULT[13:0]
Range = 50 | Range = 25 | Range = 100 | Range = 150 | Range =75 | Range = 300

mT mT mT mT mT mT BINARY HEX

0 0 0 0 0 0 0 0000 0000 0000 0000h
0.024 0.012 0.048 0.073 0.036 0.146 0 0000 0000 0001 0001h
6.225 3.112 12.451 18.676 9.338 37.353 00000 1111 1111 00FFh
35.351 17.675 70.703 106.054 53.027 212.109 00101 1010 1000 05A8h
70.703 35.351 141.406 212.109 106.054 424.218 01011 0101 0000 0B50h

6.5.2 Serial Peripheral Interface (SPI)

The Serial Peripheral Interface (SPI) is a synchronous serial communication interface used for short distance
communication, usually between devices on a printed circuit board (PCB) assembly. The TMAG5170D-Q1
supports a 4-wire SPIl. The primary communication between the device and the external microcontroller is
through the SPI bus that provides full-duplex communication. The external microcontroller works as the SPI
controller that sends command requests on the SDI pin and receives device responses on the SDO pin. The
TMAG5170D-Q1 device works as the SPI peripheral device that receives command requests and sends
responses (such as status and measured values) to the external microcontroller over the SDO line. The
TMAG5170D-Q1 supports a fixed 32-bit frame size to communicate with a controller device. However, the 32-bit
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frame can be configured through DATA_TYPE register bits to support a regular single register read data packet,
or a special packet to read two-channel data simultaneously.

6.5.2.1 SCK

The Serial Clock (SCK) represents the controller clock signal. This clock determines the speed of data transfer
and all receiving and sending are done synchronously to this clock. The output data on the SDO pin transitions
on the falling edge of the SCK and input data on the SDI pin is latched on the rising edge of the SC.

6.5.2.2CS

The CS activates the SPI. As long as the CS signal is at high level, the TMAG5170D-Q1 will not accept the SCK
signal or the Serial-data-in (SDI), and the Serial-data-out (SDO) is in high impedance. Hold CS low for the
duration of a communication frame without toggling to ensure proper communication. The SPI is disabled each
time CS is brought from low to high.

6.5.2.3 SDI

The Serial-data-in (SDI) line is used by the controller to configure the user access registers, start a new
conversion, or send a read command. The SDI bits are transmitted with each SCK rising edge when the CS pin
is low. ¥ 6-6 explains the SDI frame details. There are four command bits in the SDI line to select the status bit
for the next frame or start a new conversion.

Read or write command

Seven bit address to

access registers Sixteen bit data to be written,

don’t care during read command

Command bits to instruct read
type and start new conversion

CRC bits
Y i

\J

\ ‘ =
sbiReadorwrite [ [ [ [ [ [ [ [ [ [T TTTITTTTTITTTTIITTTIITT]
£22R¥T2 0 08 53383853 8858888888¢8¢8
CMDO =0 No conversion start through command bits
CMDO
CMDO =1 Start of conversion atthe 32-bit SPI frame last SCK pulse falling edge
CMD1 =0 Display SET_COUNT [2:0] in STAT[2:0] bits at SDO nextframe
CMD1

CMD1 =1 Display DATA_TYPE [20] in STAT [2:0] bits atSDO next frame

* CMD2 & CMD3 are reserved bits
** SET_COUNT register bits indicate the rolling count of the conversion data set. The counter is reset after 111b.
*** DATA_TYPE register bits indicate the type of data being read through the SDO line

& 6-6. 32-Bit Frame Definition of the SDI Line

6.5.2.4 SDO

The Serial-data-out (SDO) line is used by the controller to read the data from the TMAG5170D-Q1. The
TMAG5170D-Q1 will shift out command responses and ADC conversion data serially with each falling SCK edge
when the CS pin is low. This pin assumes a high-impedance state when CS is high. Based off the DATA_TYPE
bit setting, the TMAG5170D-Q1 supports two different SDO frames:

* Regular 32-Bit SDO Read

* Special 32-Bit SDO Read

£
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6.5.2.4.1 Regular 32-Bit SDO Read

With DATA_TYPE = 000b, the TMAG5170D-Q1 supports a regular 16-bit register read during the 32-bit SDO
frame as explained in |4 6-7. In this read mode, 12-bit status bits are displayed. All the status bits except for the
ERROR_STAT bit are directly read from the status registers. The ERROR_STAT bit indicates if any error bit set

in the device. [%| 6-7 shows how the status bits STAT[2:0] can be changed based off CMD1 value in the previous
frame.

Last eight status bits
Sixteen bit data

First four status bits

( CRC bits
Nl

“onmweeomw CLLLTTTTTTTTTTTTTTTTTTITIT I L]

STAT11 STAT10 STAT9 STAT8 STAT7 | STAT6 | STATS | STAT4 STAT3 STAT2 STAT1 STATO

PREV_CRC_STAT| CFG_RESET | ALRT_STATUS1 | ALRT_STATUSO X Y z T ERROR_STAT | Follows CMD1 instruction from previous frame

*

PREV_CRC_STAT indicates if there is any CRC error in the immediate past frame
** ERROR_STAT indicates if there is any error bit flipped in the part
*** STAT10 to STAT4 indicate select status bits from the CONV_STATUS and AFE_STATUS registers

K 6-7. Regular 32-Bit SDO Read

6.5.2.4.2 Special 32-Bit SDO Read

With DATA_TYPE > 000b, the TMAG5170D-Q1 supports a special 32-bit SDO frame for two-channel
simultaneous data read. Each channel data is limited to 12 bits. This feature is useful for systems requiring faster
data throughput while performing multi-axis measurements. |5 6-8 explains the detail construction of the special
32-bit SDO frame. When the device is set to special 32-bit read, the device will continue to deliver the 2-channel
data set through the SDO line during consecutive read or write cycles. DATA_TYPE bits must be reset to get
back to a regular read cycle. Only four status bits are transmitted in this mode. All the status bits except for the
ERROR_STAT bit are directly read from the status registers. The ERROR_STAT bit indicates if any error bit set
in the device. The status bits, STAT[2:0], can be changed based off CMD1 value in the previous frame.

— Eight MSBs for ch2
Eight MSBs of Ch1
Four LSBs for Ch2

Four LSBs for Ch1
Four status bits
CRC bits
! Y e

S oATA e 2 5008, lIIIIIIIIIIIIIIIIIIIIIIH

}

[

CH2-11
CH2-10
CH2-9
CH2-8
CH2-7
CH2-6
CH2-5
CH2-4
CH1-11
CH1-10
CH1-9
CH1-8
CH1-7
CH1-6
CH1-5
CH1-4
CH2-3
CH2-2
CH2-1
CH2:0
CH1-3
CH1-2
CH1-1
CH1-0
STAT3
STAT2
STAT1
STATO
CR3
CR2
CR1
CRO

STAT3 STAT2 STAT1 STATO

ERROR_STAT | Follows CMD1 instruction from previous frame

* ERROR_STAT indicates if there is any error bit set in the device

& 6-8. Special 32-Bit SDO Read
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