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• GMR  

•  

• 360°  

•  SD-ADC 

•  15  0.01°  

•  16 /  

•  1.0° 

•  8 Mbit/s  SSC  

• SIL  

• SSC PWM IIF HSM  PWM SPC  SAE J2716 

 SENT ) 

•  

•  SSC  SPC  

• 0.25 µm CMOS  

• -40°C  150°C  
• ESD > 4 kV (HBM) 

•  RoHS  

•  
 

PRO-SIL™  

•  ADC  SSC  

•  SSC  

•  SSC  8 CRC  SPC  4  CRC 

 

•  ISM CORDIC CCU  ADC BIST  

•  

•  
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TLE5012B  360° iGMR
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 SPI SSC  

SSC  

TLE5012B PWM  PWM SPC

HSM IIF  SSC 
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 1   

Product type Marking Ordering code Package 

TLE5012B E1000 012B1000 SP001166960 PG-DSO-8 

TLE5012B E3005 012B3005 SP001166964 PG-DSO-8 

TLE5012B E5000 012B5000 SP001166968 PG-DSO-8 

TLE5012B E5020 012B5020 SP001166972 PG-DSO-8 

TLE5012B E9000 012B9000 SP001166998 PG-DSO-8 

  5  
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ISM 

CORDIC 

CCU 

RAM 

Fuses 

 
 

 1  TLE5012B  

 

2.2  

2.2.1  

TLE5012B  

• GMR VRG 

• VRA 

• VRD  VRA  

 VDD  

 

2.2.2  PLL 

TLE5012B PLL  TLE5012B 

 IC  SSC  TLE5012B  IFC 

 PLL  PWM  SPC  
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2.2.3 SD-ADC 

Σ-Δ SD-ADC  GMR  

 

2.2.4  

DSPU  

• ISM  GMR 

 

• CORDIC  

• CCU  PWM  SPC  

• RAM  

•  RAM  

 

2.2.5  

 SSC  TLE5012B  SSC 

 IFA IFB  IFC  

• PWM 

•  

•  

•  PWM  

 5 TLE5012B  SSC 

 

 

2.2.6  

TLE5012B  (SIL)  PRO-SIL™  

 

•  ADC  SSC  

•  SSC  

•  SSC  8 CRC  SPC  4  CRC 

 

•  ISM CORDIC CCU  ADC  (BIST)  

•  

•  

 

 

PRO-SIL™  

PRO-SIL™  SIL  

SIL  SIL  IEC61508  A-SIL  ISO26262 
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GMR Resistors 

VX VY 

S 
0° 

N 

ADCX+ ADCX- GND ADCY+ 

90° 

ADCY- VDD 

 SIL  A-SIL  

SIL  IEC61508  

A-SIL  ISO26262  
 

2.3  

GMR  GMR  TLE5012B 

 GMR  

 GMR  GMR 

 

• X Vx  

• Y Vy  

 GMR  
 

 2  GMR  

 

   IC  0°   2 

 3°  

 

 2 

 

 180° 

 360°  
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90° 0° 

VX (COS) 

V 

VX 

VY 

Y Component (SIN) 

VY (SIN) 

360° 

Angle  

270° 180° 

X Component (COS) 

 

 ARCTAN2  X  Y  360°  

 

 3  GMR  



数据手册 9 Rev. 2.1 
2018-06-20 

TLE5012B 
 GMR  

 

 

 

8 7 6 5 
Center of 

Sensitive 

Area 

1 2 3 4 

 

2.4  

 

 4   

 

2.5  

2  

Pin No. Symbol In/Out Function 

1 IFC 

(CLK / IIF_IDX / HS3) 

I/O Interface C: 

External Clock1) / IIF Index / Hall Switch Signal 3 

2 SCK I SSC Clock 

3 CSQ I SSC Chip Select 

4 DATA I/O SSC Data 

5 IFA 

(IIF_A / HS1 / PWM / SPC) 

I/O Interface A: 

IIF Phase A / Hall Switch Signal 1 / 

PWM / SPC output (input for SPC trigger only) 

6 VDD - Supply Voltage 

7 GND - Ground 

8 IFB 

(IIF_B / HS2) 

O Interface B: 

IIF Phase B / Hall Switch Signal 2 

1  IIF  HSM  
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IIF 
(IIF_B) 

IFB 

(IIF_A) 
IFA 

DATA Rs2 

SSC SCK Rs1 

Rs1 

100nF 

3.0 – 5.5V 
TLE5012B 

VDD 

GND 

 
Rs1 recommended, e.g. 100Ω 

Rs2 recommended, e.g. 470Ω 

(IIF_IDX) 
IFC 

CSQ 

3  

 TLE5012B 

IFAB_OD  IFAB 0DH  IFA IFB  IFC SSC 

SSC_OD  MOD_3 09H  SSC  

 

3.1 IIF  SSC  IIF  

 5 IIF  SSC  TLE5012B  TLE5012B - E1000 

 IFA IIF_A IFB IIF_ B  IFC IIF_IDX  

VDD  2K2Ω  

 

 5    IIF  SSC  TLE5012B  
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HSM 
(HS2) 

IFB 

(HS1) 
IFA 

DATA Rs2 

SSC SCK Rs1 

Rs1 

100nF 

3.0 - 5.5V 
TLE5012B 

VDD 

GND 

 
Rs1 recommended, e.g. 100Ω 

Rs2 recommended, e.g. 470Ω 

(HS3) 
IFC 

CSQ 

 

3.2 HSM  SSC  HSM  

 6 HSM  SSC  TLE5012B  TLE5012B - E3005 

 IFA HS1 IFB HS2  IFC HS3  

 

 6   HSM  SSC  TLE5012B  

 

3.3 HSM  SSC  HSM  

 7  IFA IFB  IFC  SSC 

Rpu  

 

 
 
 

 

 
 
 
 

 

 

 
 
 

 7   HSM  SSC  TLE5012B  

 

 

 

 

  

  

 

 
 

 
 

 

 
 

 

 
 

 

R
p
u
 

R
p
u
 

R
p
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100nF 

IFB 

IFC 

GND 

PWM 

CSQ 

SCK 

DAT

A 

 

3.0 – 5.5V 
TLE5012B 

VDD 

3.4 PWM  

TLE5012B  PWM  8 TLE5012B - E5000  IFA PWM

DATA  CSQ   7  CSQ  VDD

 SSC DATA  TLE5012B - E5000 

 

 

 8    PWM  TLE5012B  

 

3.5 PWM  

TLE5012B - E5020  PWM  IFA PWM  9  IFA 

 VDD  2.2 kΩ  

DATA  CSQ   7  CSQ  VDD

 SSC DATA  TLE5012B - E5020  

 

 
 

 
 

 

 

 
 
 

 
 
 
 

 

 9    PWM  TLE5012B  

TLE5012B 

VDD 

3.0 – 5.5V 

100nF 

CSQ 

SCK 

DATA 

IFA (PWM)
 

PWM 

IFB 

IFC 

GND 

 
Rpu required, e.g. 2K2Ω 

R
p
u
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EN 
EN 

Rs2 
MTSR DATA 

Shift Reg. 

µC (SSC Master) (SSC Slave) TLE 5012B 

Rs1 recommended, e.g. 

100Ω Rs2 recommended, 

e.g. 470Ω 

CSQ 
Rs1 

CSQ 

Clock Gen. Rs1 
SCK SCK 

MRST 

Shift Reg. 

3.6 SPC  

TLE5012B  SPC  10  TLE5012B - E9000 

 IFA SPC  

  10 IFC S_NR[1]  SCK S_NR[0]  (S_NR) 0D  

00B  SCK (S_NR[0])  VDD  CSQ 

DATA  CSQ  7 DATA  SCK  CSQ 

 SSC  

 

 

 
 
 

 
 

 
 

 
 

 
 

 

 

 10   SPC  TLE5012B  

3.7 SSC  

  5  6  7  SSC   11  DATA 

 SCK  CSQ  

 

 11   SSC  

TLE5012B 

VDD 

3.0 – 5.5V 

100nF 

CSQ 

SCK 

DATA 

IFA (SPC)
 

SPC 

IFB 

IFC 

GND 

 
Rpu required, e.g. 2K2Ω 

R
p
u
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3.8 SSC  

 SSC 

 TLE5012B  SSC_OD  

 CSQ  

 12  DATA 

 SCK  CSQ DATA  1 kΩ  

 
 
 

 
 

 
 
 

 
 
 

 

 

 

 

 12   SSC  

 

3.9  

SSC  SPC 

 OUT 

 

 13  SPC EMC 

 Rpu  

(SSC Slave) TLE 5012B µC (SSC Master) 

Shift Reg. 
DATA Rs1 MTSR 

Rs1 

EN 
EN 

MRST 

SCK SCK 
Rs1 Clock Gen. 

CSQ 
Rs1 

CSQ 

Rs1 recommended, e.g. 100Ω 

Rpu required, e.g. 1kΩ 

Shift Reg. 
R

p
u
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VDD VDD VDD 
Sensor 1 

VDD 

MCU 

VDD GND 

OUT CCU 

GND 

VDD 
Sensor x 

VDD 

OUT 

GND 

R
p
u
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4.1  

 3   

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Voltage on VDD pin with respect 

to ground (VSS) 

VDD -0.5  6.5 V Max 40 h/Lifetime 

Voltage on any pin with respect 

to ground (VSS) 

VIN -0.5  6.5 V  

  VDD + 0.5 V 

Junction temperature TJ -40  150 °C  

  150 °C For 1000 h, not additive 

Magnetic field induction B   200 mT Max. 5 min @ TA = 25°C 

  150 mT Max. 5 h @ TA = 25°C 

Storage temperature TST -40  150 °C Without magnetic field 

 

 

4.2  

 TLE5012B 

 4  -40°C < T J < 150 °C  

 

 4  

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Supply voltage VDD 3.0 5.0 5.5 V 1) 

Supply current IDD  14 16 mA  

Magnetic induction at 

TJ = 25°C2)3) 

BXY 30  50 mT -40°C < TJ < 150°C 

30  60 mT -40°C < TJ < 100°C 

30  70 mT -40°C < TJ < 85°C 

Extended magnetic induction 

range at TJ = 25°C2)3) 

BXY 25  30 mT Additional angle error of 0.1° 

Angle range Ang 0  360 °  

POR level VPOR 2.0  2.9 V Power-on reset 

POR hysteresis VPORhy  30  mV  
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 4    

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Power-on time4) tPon  5 7 ms VDD > VDDmin; 

Fast Reset time5) tRfast 
  0.5 ms Fast reset is triggered by 

disabling startup BIST 

(S_BIST = 0), then enabling 

chip reset (AS_RST = 1) 

1)  100-nF  

2) BZ = 0 mT BXY  

3)  14  

4) “ ”  

5)  - /  

 

 14  TJ = 

100°C  TJ = 25°C  60 mT  

 

 

 14   
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4.3  

4.3.1 /  

 VDD = 5.0 V  25°C

 -40 °C< T J< 150 °C  

 MOD_3  5 

 6  

 

 5    

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Input voltage VIN -0.3  5.5 V  

  VDD+ 0.3 V  

Output current (DATA-Pad) IQ   -25 mA PAD_DRV =’0x’, sink current1)2) 

  -5 mA PAD_DRV =’10’, sink current1)2) 

  -0.4 mA PAD_DRV =’11’, sink current1)2) 

Output current (IFA / IFB / IFC - 

Pad) 

IQ   -15 mA PAD_DRV =’0x’, sink current1)2) 

  -5 mA PAD_DRV =’1x’, sink current1)2) 

1)  GND  

2) VDD = 5 V  

 

 6   

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Output rise/fall time tfall, trise 
  8 ns DATA, 50 pF, 

PAD_DRV=’00’1)2) 

  28 ns DATA, 50 pF, 

PAD_DRV=’01’1)2) 

  45 ns DATA, 50 pF, 

PAD_DRV=’10’1)2) 

  130 ns DATA, 50 pF, 

PAD_DRV=’11’1)2) 

  15 ns IFA/IFB, 20 pF, 

PAD_DRV=’0x’1)2) 

  30 ns IFA/IFB, 20 pF, 

PAD_DRV=’1x’1)2) 

1)  

2)  - /  
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 7  4.5 V <  VDD < 5.5 V  

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Input signal low-level VL5   0.3 VDD V  

Input signal high level VH5 0.7 VDD   V  

Output signal low-level VOL5 
  1 V DATA; 

IQ = -25 mA (PAD_DRV=’0x’), 

IQ = -5 mA (PAD_DRV=’10’), 

IQ = -0.4 mA (PAD_DRV=’11’) 
  1 V IFA,B,C; 

IQ = -15 mA (PAD_DRV=’0x’), 

IQ = -5 mA (PAD_DRV=’1x’) 

Pull-up current1) IPU -10  -225 µA CSQ 

  -10  -150 µA DATA 

Pull-down current2) IPD 10  225 µA SCK 

  10  150 µA IFA, IFB, IFC 

1) CSQ  DATA  

2) IFA IFB  IFC SCK  

 

 8  3.0 V < V DD < 3.6 V  

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Input signal low-level VL3   0.3 VDD V  

Input signal high level VH3 0.7 VDD   V  

Output signal low-level VOL3 
  0.9 V DATA; 

IQ = -15 mA (PAD_DRV=’0x’), 

IQ = -3 mA (PAD_DRV=’10’), 

IQ = -0.24 mA (PAD_DRV=’11’) 
  0.9 V IFA,IFB; 

IQ = - 10 mA (PAD_DRV=’0x’), 

IQ = -3 mA (PAD_DRV=’1x’) 

Pull-up current1) IPU -3  -225 µA CSQ 

  -3  -150 µA DATA 

Pull-down current2) IPD 3  225 µA SCK 

  3  150 µA IFA, IFB, IFC 

1) CSQ  DATA  

2) IFA IFB  IFC SCK  
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+A 

offset 

0° 90° 180° 270° 360° 

 

-A 

0 

 

4.3.2 ESD  

 9  ESD  

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

ESD voltage VHBM   ±4.0 kV Human Body Model1) 

VSDM   ±0.5 kV Socketed Device Model2) 

1) HBM AEC-Q100-002  

2) SDM ESDA/ANSI/ESD SP5.3.2-2008 . 

4.3.3 GMR  

 BXY = 30 mT  TA = 25°C  

 10 GMR  

 

 

 
 

 
 

 
 

 
 

 
 

 

1)  - /  

2)  15  

3) k = 100 * (AX/AY) 

4) OY = (YMAX + YMIN) / 2; OX = (XMAX + XMIN) / 2 

 

 15   

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

X, Y output range RGADC 
  ±23230 digits Operating range1) 

X, Y amplitude2) AX, AY 6000 9500 15781 digits At ambient temperature 

3922  20620 digits Operating range 

X, Y synchronicity3) k 87.5 100 112.49 %  

X, Y offset4) OX, OY -2048 0 +2047 digits  

X, Y orthogonality error j -11.25 0 +11.24 °  

X, Y amplitude without magnet X0, Y0   +4096 digits Operating range1) 
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4.3.4  

 11  

BZ = 0 mT  4  

 

 12

 

 

 11   

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Overall angle error (with auto- 

calibration) 

αErr 
 0.61) 1.0 ° Including lifetime and 

temperature drift2)3)4). 

Note: in case of 

temperature changes 

above 5 Kelvin within 

1.5 revolutions refer to 

Figure 16 for additional 

angle error. 

Overall angle error 

(without auto- calibration) 

αErr 
 0.61) 1.3 ° Including temperature 

drift2)3)5) 

  1.9 ° Including lifetime 

and temperature 

drift2)3)4) 

1)  25°C B = 30 mT  

2)  

3)  

4)  - /  

5) 0 h  

 

 4.3.5  1.5  5 Kelvin  11 

 16 Delta 

Tstart  1.5  11  

 Delta  Delta 

 16  16  
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 16  1.5  5 Kelvin  

 

4.3.5  

 

TLE5012B  MOD_2  

AUTOCAL TLE5012B   

1.5 

 

AUTOCAL  

• 00  

• 01  1  tupd  FIR_MD  LSB  

• 10  2 1.5  LSB  LSB 

 

• 11  3  LSB  11.25°  

3.5 

 
3 

 
2.5 

 
2 

 
1.5 

 
1 

 
0.5 

Tstart -40°C 

Tstart 25°C 

Tstart 85°C 

Tstart 105°C 

Tstart 125°C 

Tstart 135°C 

Tstart > 
135 °C 0 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 

Delta Temperature (Kelvin) within 1.5 revolutions 

A
d
d
it
io

n
a
l 
a
n
g

le
 e

rr
o
r 

(°
) 
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4.3.6  

 

 17   

 

TLE5012B  17  GMR ADC GMR 

 

TLE5012B 

 18  4.1

 

 (t + 1) =  (t) +  (t − 1) −  (t − 2) (4.1) 

 

 

 18   

Angle 

time tupd tadel 

With  Without 

Prediction Prediction Magnetic field 

direction 

Sensor output 
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Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Filter update period tupd 
 42.7  µs FIR_MD = 11) 

 85.3  µs FIR_MD = 21) 

 170.6  µs FIR_MD = 31) 

Angle delay time without 

prediction2) 

tadelSSC 
 85 95 µs FIR_MD = 11) 

 150 165 µs FIR_MD = 21) 

 275 300 µs FIR_MD = 31) 

tadelIIF 
 120 135 µs FIR_MD = 11) 

 180 200 µs FIR_MD = 21) 

 305 330 µs FIR_MD = 31) 

Angle delay time with 

prediction2) 

tadelSSC 
 45 50 µs FIR_MD = 1; PREDICT = 11) 

 65 70 µs FIR_MD = 2; PREDICT = 11) 

 105 115 µs FIR_MD = 3; PREDICT = 1 1) 

tadelIIF 
 75 90 µs FIR_MD = 1; PREDICT = 11) 

 95 110 µs FIR_MD = 2; PREDICT = 11) 

 135 150 µs FIR_MD = 3; PREDICT = 1 1) 

Angle noise (RMS) NAngle 
 0.08  ° FIR_MD = 11) 

 0.05  ° FIR_MD = 21)(default) 

 0.04  ° FIR_MD = 31) 

1)  - /  

2)  

 

 12  24 MHz 

 4.3.7  
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tCLK 

tCLKH tCLKL 

 

 

 

t 

 

4.3.7 CLK  

TLE5012B  

 

 13   

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Digital clock fDIG 22.8 24 25.8 MHz  

Internal oscillator frequency fCLK 3.8 4.0 4.3 MHz  

 TLE5012B  IFC 

 

•  PLL  

•  50%  30%  70%  

• PLL  2 

 S_RST  CLK_SEL  4.4.1.2  

 

 19   CLK  

 

 

 14   

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Input frequency fCLK 3.8 4.0 4.3 MHz  

CLK duty cycle1)2) CLKDUTY 30 50 70 %  

CLK rise time tCLKr   30 ns From VL to VH 

CLK fall time tCLKf   30 ns From VH to VL 

1) tCLKh(min)/tCLK tCLK = 1/fCLK 

2) tCLKh(max)/tCLK tCLK = 1/fCLK 
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4.4  

4.4.1 SSC  

3  SSC  SSC_OD 

SSC  

4.4.1.1 SSC  

 

 

 

 

 

 

 

 

 

 20  SSC  SSC 

CSoff  

SSC TLE5012B  

 15  SSC  

 

 
 
 

 

 
 
 
 

 
 

 
 
 

 
 

 

1  - /  

DATA 

SCK 

 

CSQ 

    

 

 

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

SSC baud rate fSSC  8.0  Mbit/s 1) 

CSQ setup time tCSs 105   ns 1) 

CSQ hold time tCSh 105   ns 1) 

CSQ off tCSoff 600   ns SSC inactive time1) 

SCK period tSCKp 120 125  ns 1) 

SCK high tSCKh 40   ns 1) 

SCK low tSCKl 30   ns 1) 

DATA setup time tDATAs 25   ns 1) 

DATA hold time tDATAh 40   ns 1) 

Write read delay twr_delay 130   ns 1) 

Update time tCSupdate 1   µs See Figure 241) 

SCK off tSCKoff 170   ns 1) 
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 16  SSC  

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

SSC baud rate fSSC  2.0  Mbit/s Pull-up Resistor = 1 kΩ1) 

CSQ setup time tCSs 300   ns 1) 

CSQ hold time tCSh 400   ns 1) 

CSQ off tCSoff 600   ns SSC inactive time1) 

SCK period tSCKp 500   ns 1) 

SCK high tSCKh  190  ns 1) 

SCK low tSCKl  190  ns 1) 

DATA setup time tDATAs 25   ns 1) 

DATA hold time tDATAh 40   ns 1) 

Write read delay twr_delay 130   ns 1) 

Update time tCSupdate 1   µs See Figure 241) 

SCK off tSCKoff 170   ns 1) 

1  - /  
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COMMAND WRITE Data 1 SAFETY-WORD 

SSC-Master is driving DATA 

SSC-Slave is driving DATA 

 

COMMAND READ Data 1 READ Data 2 SAFETY-WORD 

SSC-Master is driving DATA 

SSC-Slave is driving DATA 

4.4.1.2 SSC  

SSC  

•  TLE5012B  

•  

•  

 

 21 SSC  

 

 

 

 

 

 22 SSC  

 

TLE5012B  SSC  17  SCK 

 CSQ 

 UPD 

 "u"  30  
 

 17   

Name Bits Description 

RW [15] Read - Write 

0: Write 

1: Read 

Lock [14..11] 4-bit Lock Value 

0000B: Default operating access for addresses 0x00:0x04 

1010B: Configuration access for addresses 0x05:0x11 
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Name Bits Description 

UPD [10] Update-Register Access 

0: Access to current values 

1: Access to values in update buffer 

ADDR [9..4] 6-bit Address 

ND [3..0] 4-bit Number of Data Words 

 

 

 

 18   

Name Bits Description 

STAT1) Chip and Interface Status 

[15] Indication of chip reset or watchdog overflow (resets after readout) via 

SSC 

0: Reset occurred 

1: No reset 

[14] System error (e.g. overvoltage; undervoltage; VDD-, GND- off; ROM;...) 

0: Error occurred (S_VR; S_DSPU; S_OV; S_XYOL: S_MAGOL; S_FUSE; 

S_ROM; S_ADCT) 

1: No error 

[13] Interface access error (access to wrong address; wrong lock) 

0: Error occurred 

1: No error 

[12] Valid angle value (NO_GMR_A = 0; NO_GMR_XY = 0) 

0: Angle value invalid 

1: Angle value valid 

RESP [11..8] Sensor number response indicator 

The sensor number bit is pulled low and the other bits are high 

CRC [7..0] Cyclic Redundancy Check (CRC) 

1 " "  SSC STAT  

00H  
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SSC Transfer 

SCK 

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

CSQ 

RW LOCK UPD ADDR LENGTH 

 
   SSC -Master is driving DAT A 

   SSC -Slave is driving DAT A 

Data Word (s) Command Word 

CSQ 

LSB LSB MSB 

SCK 

Data Word (s) Command Word Update -Signal 

tCSupdate 

SSC -Master is driving DAT 

A SSC -Slave is driving DAT 

DATA 

Update -Event 

 

 

 19   

Abbreviation Function Description 

r Read Read-only registers 

w Write Read and write registers 

u Update Update buffer for this bit is present. If an update is issued and the 

Update- Register Access bit (UPD in Command Word) is set, the 

immediate values are stored in this update buffer simultaneously. This 

allows a snapshot of all necessary system parameters at the same time. 

 SSC  

 

 23 SSC  

 

 24  

 

 SSC  

• MSB LSB  

•  SCK  SCK  

• SSC  

•  ND ≥ 1 TLE5012B  16  

•  TLE5012B CSQ  " " CRC 

 

•  twr_delay  16
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& xor 
X1 X0 

1 xor 1 xor 1 xor 1 1 1 
x2 x3 

1 
X7 X6 X5 X4 Serial 

CRC 

output 

1 Input 

 
TX_CRC 

parallel 

Remainder 

•  1 ND> 1  ADDR  

•  3FH  00H  

• ND = 0  ADDR  TLE5012B 

 

•  CSQ  SCK  24

 UPD  "1"  

•  tCSoff  CSQ  

• SSC  TLE5012B 

 DATA  

 

CRC  

•  CRC  J1850  

•  CRC  

•  CRC  

• X8+X4+X3+X2+1  CRC  CRC  25  

•  CRC  ‘11111111B’  

•  

 

 25   CRC  
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4.4.2  (PWM)  

 SSC IF_MD = '01' PWM  

PWM  0E H(IFAB_RES)  

• ~0.25 kHz 12  

• ~0.5 kHz 12  

• ~1.0 kHz 12  

• ~2.0 kHz 12  

PWM AVAL  

 26  PWM PWM  

 

 

 
 

  

 

 

0 - 6.25%  93.75 - 100% 

PWM 0 - 6.25% 93.75 - 100%

 20 " "  S_ADCT 

 SSC  S_ADCT 

 MOD_4  

 PWM  TLE5012B E50x0  

 

 26  PWM  
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 20  PWM  

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

PWM output frequencies 

(Selectable by IFAB_RES) 

fPWM1 232 244 262 Hz 1) 

fPWM2 464 488 525 Hz 1) 

fPWM3 929 977 1050 Hz 1) 

fPWM4 1855 1953 2099 Hz 1) 

Output duty cycle range DYPWM 6.25  93.75 % Absolute angle1) 

 2  % Electrical Error 

(S_RST; S_VR)1) 

 98  % System error (S_FUSE; 

S_OV; S_XYOL; S_MAGOL; 

S_ADCT)1) 

0  1 % Short to GND1) 

99  100 % Short to VDD, power loss1) 

1  - /  

 

PWM  

 

 
 

 20 /  4.3.7 PWM 

 (4.3)  
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End-Pulse Trigger Nibble Synchronisation Frame End-Pulse 

Trigger Nibble Synchronisation Frame Status -Nibble Data-Nibble 1 
Bit 11-8 

Data-Nibble 2 
Bit 7-4 

Data-Nibble 3 
Bit 3-0 

CRC End -Pulse 

24,34,51,78 tck 56 tck 12...27 tck 12... 27 
tck 

12... 27 
tck 

12...27 tck 12...27 
tck 

12 tck 

µC Activity 
Sensor 
Activity 

Time-Base: 1 tck (3µs+/-

dtck ) Nibble-Encoding : 

( 12+x)*tck 

... 

µC Activity 

Sensor 

Activity 

> 90 µs 

Trigger Nibble Synchronisation Frame 

... 

4.4.3  PWM  (SPC) 

 PWM  (SPC)  SAE J2716  SENT 

SENT SPC 

SPC 

 

 SPC ID 

S_NR  SCK  IFC  SCK  VDD  S_NR[0] 

 1  SCK  GND  S_NR[0]  0  IFC  

S_NR[1]  

 SENT  4  0  15 

  3 UT  4.4.3.1 

 27  

•  

•  56 UT  

• 12-27 UT  

• 3  6  12-27 UT  

•  12-27 UT  CRC  

•  SPC  

 

 27  SPC  

 

CRC 

 90 µs  28  

 

 28  SPC  
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 SPC 

AVAL  SSC  SPC 

 

 SPC SSC  SPC 

 16  8  21  

 SPC  TLE5012B E9000  

 

 21   

Frame type IFAB_RES Data nibbles 

12-bit angle 00 3 nibbles 

16-bit angle 01 4 nibbles 

12-bit angle, 8-bit temperature 10 5 nibbles 

16-bit angle, 8-bit temperature 11 6 nibbles 

 SPC  SSC 

 SYS_ERR  ELEC_ERR  

" "  22  S_ADCT 

 SSC 

 S_ADCT  

MOD_4  

 

 22   

Name Bits Description 

SYS_ERR [3] Indication of system error (S_FUSE, S_OV, S_XYOL, S_MAGOL, 

S_ADCT) 0: No system error 

1: System error occurred 

ELEC_ERR [2] Indication of electrical error (S_RST, S_VR) 

0: No electrical error 

1: Electrical error occurred 

S_NR [1] Slave number bit 1 (level on IFC) 

[0] Slave number bit 0 (level on SCK) 



TLE5012B 
 GMR  

 

数据手册 36 Rev. 2.1 
2018-06-20 

 

 

 

4.4.3.1  

 SPC  3 µs  IFAB_HYST 

 

 

 23  

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Unit time tUnit 
 3.0  µs IFAB_HYST = 001) 

 2.5  IFAB_HYST = 011) 

 2.0  IFAB_HYST = 101) 

 1.5  IFAB_HYST = 111) 

1  - /  
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tmtr 

SPC 

 
Vth 

ECU trigger 

level 

tml
ow

tmd,tot 

4.4.3.2  

SPC  IFA  IFA  Vth

 Vth  IFA  29  24 

 tmlow  tmtr  

Vthr  30 

µs tmd,tot  ECU  

 

 29  SPC  

 24   

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Threshold Vth 
 50  % of 

VDD 

1) 

Threshold hysteresis Vthhyst 
 8  % of 

VDD 

VDD = 5 V1) 

 3  VDD = 3 V1) 

Total trigger time tmtr 
 90  UT SPC_Trigger = 0;1)2) 

 tmlow +12  UT SP_Trigger = 11) 

Master low time tmlow 8 12 14 UT S_NR =001) 

16 22 27 S_NR =011) 

29 39 48 S_NR =101) 

50 66 81 S_NR =111) 

Master delay time tmd,tot  5.8  µs 1) 

1)  - /  

2) " "  

 

4.4.3.3  

 4  CRC CRC  x4+x3+x2+1 

 0101B  CRC  
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Hall-Switch-Mode: 3phase Generation 

Electrical Angle 0° 60° 120° 180° 240° 300° 360° 

HS1 

HS2 

HS3 
Angle 

Mech. Angle with 

5 Pole Pairs 

Mech. Angle with 

3 Pole Pairs 

 

4.4.4 HSM  

TLE5012B HSM  3 

 3 

0EH(HSM_PLP)  30 

 0°  

HSM  IFAB_OD  

 HSM  TLE5012B E3005  

 

 

 

 

 

 

0° 12° 24° 36° 48° 60° 72° 

 

0° 

 

20° 

 

40° 

 

60° 

 

80° 

 

100° 

 

120° 

 30   

 

 SSC  HSM IF_MD = 010  
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Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Rotation speed n   10000 rpm Mechanical2) 

Electrical angle accuracy αelect 
 0.6 1 ° 1 pole pair with 

autocalibration1)2) 

 1.2 2 ° 2 pole pairs with autocal.1)2) 

 1.8 3 ° 3 pole pairs with autocal.1)2) 

 2.4 4 ° 4 pole pairs with autocal.1)2) 

 3.0 5 ° 5 pole pairs with autocal.1)2) 

 3.6 6 ° 6 pole pairs with autocal.1)2) 

 4.2 7 ° 7 pole pairs with autocal.1)2) 

 4.8 8 ° 8 pole pairs with autocal.1)2) 

 5.4 9 ° 9 pole pairs with autocal.1)2) 

 6.0 10 ° 10 pole pairs with autocal.1)2) 

 6.6 11 ° 11 pole pairs with autocal.1)2) 

 7.2 12 ° 12 pole pairs with autocal.1)2) 

 7.8 13 ° 13 pole pairs with autocal.1)2) 

 8.4 14 ° 14 pole pairs with autocal.1)2) 

 9.0 15 ° 15 pole pairs with autocal.1)2) 

 9.6 16 ° 16 pole pairs with autocal.1)2) 

Mechanical angle switching 

hysteresis 

αHShystm 0  0.703 ° Selectable by IFAB_HYST2)3)4) 

Electrical angle switching 

hysteresis5) 

αHShystel 
 0.70  ° 1 pole pair; IFAB_HYST=111)2) 

 1.41  ° 2 pole pairs; IFAB_HYST=111)2) 

 2.11  ° 3 pole pairs; IFAB_HYST=111)2) 

 2.81  ° 4 pole pairs; IFAB_HYST=111)2) 

 3.52  ° 5 pole pairs; IFAB_HYST=111)2) 

 4.22  ° 6 pole pairs; IFAB_HYST=111)2) 

 4.92  ° 7 pole pairs; IFAB_HYST=111)2) 

 5.62  ° 8 pole pairs; IFAB_HYST=111)2) 

 6.33  ° 9 pole pairs; IFAB_HYST=111)2) 

 7.03  ° 10 pole pairs; IFAB_HYST=111)2) 

 7.73  ° 11 pole pairs; IFAB_HYST=111)2) 

 8.44  ° 12 pole pairs; IFAB_HYST=111)2) 

 9.14  ° 13 pole pairs; IFAB_HYST=111)2) 

 9.84  ° 14 pole pairs; IFAB_HYST=111)2) 

 10.55  ° 15 pole pairs; IFAB_HYST=111)2) 

 11.25  ° 16 pole pairs; IFAB_HYST=111)2) 
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αelect 

αHShystel αHShystel 

Ideal Switching Point 

αelect 0° 

 25  

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Fall time tHSfall  0.02 1 µs RL = 2.2 kΩ; CL < 50 pF2) 

Rise time tHSrise  0.4 1 µs RL = 2.2 kΩ; CL < 50 pF2) 

1)  4.3.7  

2)  - /  

3)  GMR  

4)  

5)  

 

 31  

 

 31 HS  

4.4.5 IIF  

IIF  50% 

 MOD_4 (IFAB_RES)1)  9  512  12  4096 

 IFA  IFB A/B  IFB /

 32  33  MOD_1 (IIF_MOD)  A/B /  

/

 SSC SSC AVAL 

 TLE5012B  

IIF 

IFC  

 IIF  TLE5012B E1000  

 

1  
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A/B  

 A  B A  B B  A  

 

 

 

 

 

 

 

 32   A/B  

/  

A B  

 

Incremental Interface 

(Step /Direction Mode) 

Step VH 

VL 

Direction VH
 

VL 

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

 33  /  
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Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Incremental output frequency fInc 
  1.0 MHz Frequency of phase A and 

phase B1) 

Index pulse width t0°  5  µs 0°1) 

1  - /  
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4.5  

 

4.5.1 ADC  

 ADC  ADC  GMR 

ADC 

AVAL  SIL  (ADCTV_EN)  SSC 

 ADCTV_Y  ADCTV_X  34  

 X/Y ADC  

• 4  = 70% 0°, 90°, 180°, 270°) 

• 8  = 100% (0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°) 

• 8  = 122.1% (35.3°, 54.7°, 125.3°, 144.7°, 215.3°, 234.7°, 305.3°, 324.7°) 

• 4  = 141.4% (45°, 135°, 225°, 315°) 

 100%  21700 70%  15500  

 

 27  ADC  

Register bits X/Y values (decimal) 

Min. Typ. Max. 

000  0  

001  15500  

010  21700  

011  32767  

1001)  0  

101  -15500  

110  -21700  

111  -32768  

1  
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 34  ADC  

 

4.6  

TLE5012B  256 

 

 S_VR  SSC SPC 

 PWM  

 

 28   

Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Overvoltage detection VOVG  2.80  V 1) 

VOVA  2.80  V 1) 

VOVD  2.80  V 1) 

VDD overvoltage VDDOV  6.05  V 1) 

VDD undervoltage VDDUV  2.70  V 1) 

GND - off voltage VGNDoff  -0.55  V 1) 

VDD - off voltage VVDDoff  0.55  V 1) 

Spike filter delay tDEL  10  µs 1) 

1  - /  

 

4.6.1  

 2.5 V  VOVG VOVA 

 VOVD  

ADCTV_Y 

 
 

 

 
 

 ADCTV_X 
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VDD 

Diode- 

reference 

V DDA 

+dV - 

+ 

SCK 

GND_OFF 

GND 

GND 

VDD 

VRG 

VRA 

VRD 

- REF 

VDDA 

GND GND 

+ 

xxx_OV 
10µs 

Spike 

Filter 

+ -dV 
CSQ 
SCK 

VDD 
_OFF 

10µs 

Spike 

Filter 

1µs 

Mono 

Flop 

VVDDoff 

VDD 

VDDA 

GND GND 

- 

4.6.2 VDD  

 VDD  

 

 35  

 

4.6.3 GND - Off  

GND - Off  GND  SCK  GND  

 

 

 

 

 
1µs 

Mono 

Flop 

 
10µs 

Spike 

Filter 

 

   

 

 

 36  GND - Off  

 

4.6.4 VDD - Off  

VDD -  VDD TLE5012B  ESD  SCK  CSQ 

 

 

 37 VDD - Off  
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5  

TLE5012B  SSC 

 

 

5.1 IIF E1000 

TLE5012B-E1000 42.7 µs  

•  1  

•  

•  0.703°  

• 12  0.088°  

•  

 

5.2 HSM E3005 

TLE5012B-E3005 42.7 µs

 BLDC  

•  5  

•  1  

•  

•  0.703°  

 

5.3 PWM E5000 

TLE5012B-E5000  

•  85.4 µs  

• PWM  244 Hz  

•  

 

5.4 PWM E5020 

TLE5012B-E5020  

•  42.7 µs  

• PWM  1953 Hz  

•  2  

•  

• PWM  
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5.5 SPC E9000 

TLE5012B-E9000  PWM  

•  85.4 µs  

•  

• SPC  3 µs  

• SPC  
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6  

 

6.1  
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Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Thermal resistance RthJA  150 200 K/W Junction to air1) 

RthJC   75 K/W Junction to case 

RthJL   85 K/W Junction to lead 

Soldering moisture level MSL 3 260°C 

Lead Frame Cu  

Plating Sn 100% > 7 µm 

1  Jedec JESD51-7  

 

6.2  

 

 38 PG-DSO-8  
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 39   
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Parameter Symbol Values Unit Note or Test Condition 

Min. Typ. Max. 

Position eccentricity  -200  200 µm In X- and Y-direction 

Rotation  -3  3 ° Affects zero position offset of sensor 

Tilt  -3  3 °  

6.3  

 

 

 

 

 

 

 

 

 40  PG-DSO-8  

 
 

 
0.65 

 
 

 
1.27 

1
.3

1
 

5
.6

9
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8 0.3 

6.4 1.75 

2.1 

 

6.4  

 

 41  

 

6.5  

 

Position Marking Description 

1st Line 012Bxxxx See Table 1 “Derivate ordering codes” on Page 2 

2nd Line xxx Lot code 

3rd Line Gxxxx G..green, 4-digit..date code 

 

 

 

  

5
.2

 

1
2

 ±
0
.3
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Revision Date Changes 

Rev. 2.1 2018-06-20 New Template/New Logo 

Chapter 4.4.5: Add footnote regarding maximum rotation speed 

Chapter 3: Update Chapter 3 
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或典型值概不负责。  

本文件中包含的数据仅供具有技术资格和技能的
客户代表使用。客户有责任评估产品对预期应用
和客户特定用途的适用性，并在预期应用和客户
特定用途中验证本文件中包含的所有相关技术数
据。客户有责任正确设计、编程和测试预期应用
的功能性和安全性，并遵守与其使用相关的法律
要求。  

除非英飞凌另行明确批准，否则产品不得用于任
何因产品故障或使用产品的任何后果可合理预期
会导致人身伤害的应用。但是，上述规定并不妨
碍客户在英飞凌明确设计和销售的使用领域中使
用任何产品，但是客户对应用负有全部责任。  

英飞凌明确保留根据适用法律，如《德国版权
法》（UrhG）第 44b 条，将其内容用于商业资料
和数据探勘（TDM）的权利。 

如果产品包含安全功能：  
由于任何计算设备都不可能绝对安全，尽管产品
采取了安全措施，但英飞凌不保证产品不会被入
侵、数据不会被盗或遗失，或不会发生其他漏洞
（以下简称"安全漏洞"），英飞凌对任何安全漏
洞不承担任何责任。 

如果本文档包含或引用软件：  
根据美国、德国和世界其他国家的知识产权法律
和条约，该软件归英飞凌所有。英飞凌保留所有
权利。因此，您只能按照软件附带的软件授权协
议的规定使用本软件。  

如果没有适用的软件授权协议，英飞凌特此授予
您个人的、非排他性的、不可转让的软件知识产
权授权（无权转授权）：(a) 对于以源代码形式提
供的软件，仅在贵组织内部修改和复制该软件用
于 英飞凌 硬件产 品；及 (b) 对于以 二进制 代码
(binary code)形式对外向终端用户分发该软件，
仅得用于英飞凌硬件产品。禁止对本软件进行任
何其他使用、复制、修改、翻译或编译。有关产
品、技术、交货条款和条件以及价格的详细信
息 ， 请 联 系 离 您 最 近 的 英 飞 凌 办 公 室 或 访 问 
https://www.infineon.com。 

Trademarks 
All referenced product or service names and trademarks are the property of their respective owners. 
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