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Inductive Position Sensor

Interface

NCV77320

Introduction
The NCV77320 is a single−chip inductive position sensor interface

that, in combination with a PCB, forms a system that measures angular
or linear positions accurately.

The operating principle of the inductive sensor is based on mutual
inductance. The chip contains an excitation source, which generates an
AC magnetic field through a primary coil on the PCB. The field
mutually couples to the rotor. The rotor on its turn induces voltages in
secondary coils. These voltages, measured by the chip, depend on the
rotor position and give a measure for the position.

The NCV77320 contains 3 interfaces: A single ended analog output,
a SENT interface with fast and slow channel and a SPI channel for
direct interconnection to a micro controller.

The analog output is proportionally ratio metric with the supply
voltage.

The NCV77320 has several fault detection circuitries. When a fault
is detected, fault flags are set and available for readout. In case the
analog output is used, OUT pin is put to HiZ and its voltage goes to fail
band close to GND or VCC based on the pull−up or pull−down resistor
assembled.

To address automotive functional safety, different kind of topologies
can be implemented, e.g.:
• Two devices with independent supplies. There is no galvanic

connection between the ICs. Each IC drives its own excitation coil
and measures its own set of receiver coils.

• Two devices with their own supply but with a shared excitation coil
connected to both ICs.

Features
• Integrated DSP Position Calculation with Flexible 15 Point

Linearization
• Diagnostics, Including for Missing Wire / Wire Misconnection

Tolerant
• Analog Output or SENT Output Configurable

• Temperature Sensor Embedded

• SPI Watchdog Feature

• Supply Voltage 5 V; −15 V to 30 V Tolerant Robustness

• Flexible SPI Operation with 3.3 V or 5 V Micro Controllers

• Maximum Rotational Speed of 10800 rpm

• Operating Ambient Temperature −40 to 150°C

• Developed According to the Automotive Safety Standard ISO26262

• These Devices are Pb−Free, Halogen Free/BFR Free and are RoHS
Compliant
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NCV77320 = Specific Device Code
A = Assembly Site
L = Wafer Lot Number
YW = Assembly Start Week

TSSOP−16
CASE 948F−01

Device Package Shipping†

ORDERING INFORMATION

NCV77320DB0R2G TSSOPĭ16 4000 / Tape &
Reel

†For information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specifications
Brochure, BRD8011/D.

Typical Applications
• Angular Position Sensors Up to 360°, e.g.

Pedal Position, Throttle Position, Chassis
Height, Actuators Position Feedback etc.

• Linear Position Sensors, e.g. Lever Position,
Linear Actuator, Level Sensors etc.

http://www.������Ƶ.com/
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QUICK REFERENCE DATA

Table 1. MAXIMUM RATINGS (Voltages are referred to the device ground GND and are DC level)

Rating Min Max Unit

Power Supply VCC ĭ15 30 V

SPI Power Supply VIO ĭ0.3 6 V

Analog Output ĭ15 30 V

SPI Inputs ĭ0.3 VIO + 0.3 V, 6 V
absolute

V

SPI Output ĭ0.3 VIO + 0.3 V, 6 V
absolute

V

Storage Temperature, TSTG ĭ55 160 °C

Junction Temperature (Note 1) ĭ40 170 °C

Peak Reflow Soldering Temperature: Pb

http://www.������Ƶ.com/
/pub/collateral/and8003-d.pdf
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Figure 2. NCV77320 Single Chip Application Diagram with SENT Output

EX1

http://www.������Ƶ.com/
/support/technical-document-feedback/?tdid=NCV77320-D&tdt=Datasheet


NCV77320

www.onsemi.com
5

Table 4. EXTERNAL COMPONENTS

Component Description Min. Value Typ. Value Max. Value Note

http://www.������Ƶ.com/
/support/technical-document-feedback/?tdid=NCV77320-D&tdt=Datasheet
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Table 6. OPERATING PARAMETERS (These parameters are guaranteed over temperature and all supplies in the operating range,
unless otherwise specified. Convention: currents flowing into the circuit are defined as positive.)  

Parameter (Test) Conditions Min Typ Max Unit

VCC RELATED

VCC 4.5 5.0 5.5 V

VCC_OV; VCC over Voltage Threshold Level where 
the Outputs are going in High Z

5.55 6.15 6.7 V

t_service_max; Maximum Time after POR wherein 
the Service Mode Can be Entered

ĭ ĭ 100 ms

VCC_UV; VCC under Voltage Threshold Level where 
the Outputs are going in High Z

3.9 4.2 4.40 V

t_INIT Power On Initialization Time ĭ ĭ

http://www.������Ƶ.com/
/support/technical-document-feedback/?tdid=NCV77320-D&tdt=Datasheet
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Table 6. OPERATING PARAMETERS (These parameters are guaranteed over temperature and all supplies in the operating range,
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Table 7. THERMAL ASPECTS

Parameter Description Typ Unit

VCC 5.0 V

Rthja Thermal resistance from junction to the ambient (Note 11) 170 K/W

Soldering Information Please refer to our Soldering and Mounting Techniques Reference Manual SOLDERRM/D

11. The thermal resistance has been obtained by a simulation for the package assembled on 2S0P PCB with 10% copper coverage density with
no forced convection at Ta = 180°C.

http://www.������Ƶ.com/
/support/technical-document-feedback/?tdid=NCV77320-D&tdt=Datasheet
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SPI TIMING PARAMETERS
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Figure 6. SPI Timing Diagram

MOSI VALID

SCLK

q 1 0 0 1 223.880 0 1 223ÇÇÇÇÇÇÇÇ
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Figure 9. Principle of Inductive Coupling Sensor

http://www.������Ƶ.com/
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The calculated 16−bit position “pos_raw[15:0]” can be
adjusted to application “zero” position by “pos_shift[15:0]”
EEPROM parameter. This operation can replace a need for
mechanical alignment of a rotor with a sensor PCB.

The adjustment is shown in Figure 11 and follows the
modulo equation:

(eq. 3)
pos_adj[15:0] = mod(pos_raw[15:0] + pos_shift[15:0], 65536)

Figure 11. Zero Angle Adjustment Using “pos_shift[15:0]” Register

pos_adj[15: 0]

pos_raw[15: 0]0 65535
0

65535

pos_adj[15: 0]

pos_raw[15: 0]

pos_shift[15: 0]

“zero”
adjustment

Multipoint PWL Correction Table
The adjusted position “pos_adj[15:0]” is processed by an

15−point PWL (piece−wise−linear) correction unit. Up to 15
points “Pk[Xk,Yk]” are available (k∈<0;14>). The points 0
and 14 have x−position bound to the minimum and the
maximum of the “pos_adj[15:0]” range, other points can be
set to arbitrary values in ascending order as shown in
Figure 12. Correction starts always with point P0 and
continues with next points P1, P2, … until a point which has
value Xk = 65535.

When the analog output interface is used, it should be
limited by programming the PWL table (Yk) to stay within
range of 5% to 95% Vcc, defined by parameters “Vout_hi”
and “Vout_lo” in Table 6. The SENT output should be
programmed with the PWL correction table to comply with
the SENT specification for the output ranging between 1 and
4088. For the SPI interface, the full output range can be used.

Figure 12. Multi−point PWL Correction Unit

X1

pos_out[15:0]

pos _ adj[15:0]X2 X3 X11 X12 X130 65535
0

65535
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Y1
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POWER UP AND OPERATING MODES

The NCV77320 is in POR (power−on−reset) when
regulated voltage (VDD pin) drops below “POR_hi” voltage
level. The release from POR is additionally conditioned by
VCC supply voltage going above “VCC_UV” threshold.
A power−up sequencer is implemented in the NCV77320 to
bring the device in different modes. The chip can be in two
modes after power up:

1. Service mode
2. Operating mode

1) Service mode can be entered after POR within the
“t_service_max” time window as specified in Table 6.
Service mode can be achieved in two ways:
a. With the serial communication bus operated via the

OUT pin: 
This interface is suitable for end of line
programming for automotive applications, where
only 3 output terminals are used to interface the
sensor (GND, OUT and VCC). The interface is
described in application note AND90288/D, which
is available under NDA.

b. Via SPI:
To enter Service mode, the SPI Key−code should be
send to the device. After reception of the Key−code,
the specific calibration registers can be addressed

(Service mode). The SPI Key−code must be received
as a first SPI frame and must be received before
“t_service_max” time elapses. The NCV77320 is
ready to decode SPI Key−code after initialization
phase “t_INIT”. The SPI Key−code can be received
and SPI Service mode can be opened regardless of
SPI activation EEPROM bit “spi_ena”. Figure 16
shows the diagram for entering Service mode via
SPI.
For normal operation, the device needs to be brought
to Operating mode via the “EXIT” SPI command.

2) Operating mode is achieved after appliance of the
normal VCC operating voltage. After POR, the chip
will load the operational EEPROM parameters into the
device registers. The content of the registers defines
behavior of the chip. When the device is brought into
Operating mode from Service mode using the ”EXIT”
command, the EEPROM parameters are not loaded to
the device registers. 
Accessibility of the chip and pin function in Operating
mode is summarized in Table 12. The OUT driver
and/or SPI interface is activated after initialization
phase “t_INIT” elapses.

VCC

VCC_UV

t_INIT

Operating
mode

Service mode
Entered after Keycode detection

SPI Keycode frame

SPI_CS\

VCC

0 V

http://www.������Ƶ.com/
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Analog Output
The analog driver consists of 16−bit DAC and voltage

http://www.������Ƶ.com/
/support/technical-document-feedback/?tdid=NCV77320-D&tdt=Datasheet


NCV77320

www.onsemi.com
18

http://www.������Ƶ.com/
/support/technical-document-feedback/?tdid=NCV77320-D&tdt=Datasheet


NCV77320

www.onsemi.com
19

Table 13. SENT FRAME FORMAT

Pulse / Nibble

Nibble content

H.1 SENT Frame Format
sent_ch2_cnt = 0

H.4 SENT Frame Format
sent_ch2_cnt = 1

Calibration/Synchronization pulse

Tc
(Cali7Tm
-.0(56Tc
(H.ticksization pulse)Tj
ET
199.754 670.25 .90707 14.4 re
f
599.754 670.25 .9071 14.4 re
f
159.754 623.118 361.828 .90704 re
f
BT
86406167 660.3b(Tc
(Cali785 -.0(Status and Communicchroni9.6( /  pulse)Tj
ET
5371892 684.68 .2.59809 14.4 re
f
569074 683.773 131.554 .9071 re
f
BT
824131. 37560.3b(Tc
(Cali71m
-.0(Bit 1, 0: channel error   pu-718 4
1.61055-1.2331 Tm
-.00Bit 3, 2: Serial messagon pulse)Tj
ET
19371892 684.67 .2.59809 14.)Tj
ET
1969074 688.718 180.454 .9071 re
f
BT
8 0 07 8 9860.3b(Tc
(Cali78
-.00Bit 0: channel1 data error   pu307049
1.61055-1.2331 T5
-.0(Bit 1: zero   pu-213472
1.61126-1.2331 Tm
-.00Bit 3, 2: Serial messagon pulse)Tj
ET
37371892 684.1 .2.59809 14.4 re
f
59371892 684.1 .2.59809 14.)Tj
ET
3769074 688.718 181.361 .9071 re
f
BT
873.07361629.70Tc
(Cali78D
-.00Fast Channel 1, data n0 Tw
(1  pulse)Tj
ET
5 35.92 684.68 .90709 14.4 re
f
51.0775683.773 131.554 .9071 re
f
BT
821 J 3T5
629.70Tc
(Cali784
-.001lamped posiCalibangw
(pos_out[15:12]n pulse)Tj
ET
19 35.92 684.675 .9071 14.4 re
f
151.0775688.718 180.454 .9071 re
f
BT
83935.85
629.70Tc
(C01lamped posiCalibangw
(pos_out[15:12]n pulse)Tj
ET
37 35.92 684.1 .90707 14.4 re
f
59 35.92 684.1 .90707 14.)Tj
ET
373.0775688.718 181.361 .9071 re
f
BT
873.0736164(a30Tc
(Cali78D
-.00Fast Channel 1, data n0 Tw
(2  pulse)Tj
ET
51.7939 684.68 .90 0 09 14.4 re
f
5220745683.773 131.528 .90704 re
f
BT
82.90526-64(a30Tc
(Cali781
-.0009 T3
-.0001lamped posiCalibangw
(pos_out[1)Tj
2(1:8] Nibble)4 re
f
151.7939 684.67 .90 0 09 14.)Tj
ET
19 20745688.718 180.428 .90704 re
f
BT
8 9.90795-64(a30Tc
(C001lamped posiCalibangw
(pos_out[1)Tj
2(1:8] Nibble))Tj
ET
371.7939 684.1 .90 0 09 14.4 re
f
591.7939 684.1 .90 0 09 14.)Tj
ET
37 20745688.718 181.328 .90704 re
f
BT
873.073615 0 0667 
(Cali78D
-.0015 TcFast Channel 1, data n0 Tw
(3  pulse)Tj
ET
59.9539 684.68 .90709 14.4 re
f
51.7032683.773 131.528 .90704 re
f
BT
82.6718T
35 0 0667 
(Cali784
-.001lamped posiCalibangw
(pos_out[7:4]n pulse)Tj
ET
159.9539 684.675 .9071 14.4 re
f
151.7032688.718 180.428 .90704 re
f
BT
8 96684.1 5 0 0667 
(C01lamped posiCalibangw
(pos_out[7:4]n pulse)Tj
ET
359.9539 684.1 .90707 14.4 re
f
559.9539 684.1 .90707 14.)Tj
ET
371.7032688.718 181.328 .90704 re
f
BT
873.0736152.15667 
(Cali78D
-.0cFast Channel 2, data n0 Tw
(4  pulse)Tj
ET
58.7139 684.68 .90709 14.4 re
f
59 0 32683.773 131.554 .9071 re
f
BT
8241305061 2.15667 
(Cali785
-.0008 112.3(empe
(Cure temp[3:0] Nibble)4 re
f
158.7139 684.675 .9071 14.4 re
f
159 0 32688.718 180.454 .9071 re
f
BT
8 080 871 2.15667 
(Cali716 -.0(Secure coubblr bits [7:4]n pulse)Tj
ET
358.7139 684.1 .90707 14.4 re
f
558.7139 684.1 .90707 14.)Tj
ET
359 0 32688.718 181.361 .9071 re
f
BT
873.0736159.71606 
(Cali78D
-.0cFast Channel 2, data n0 Tw
(5  pulse)Tj
ET
5 0 795-684.68 .90 0 09 14.4 re
f
5796862683.773 131.528 .90704 re
f
BT
8241305061 9.71606 
(Cali785
-.0008 112.3(empe
(Cure temp[7:4]nNibble)4 re
f
15 0 795-684.67 .90 0 09 14.)Tj
ET
15796862688.718 180.428 .90704 re
f
BT
8 080 871 9.71606 
(Cali716 -.0(Secure coubblr bits [3:0]  pulse)Tj
ET
35 0 795-684.1 .90 0 09 14.4 re
f
55 0 795-684.1 .90 0 09 14.)Tj
ET
35796862688.718 181.328 .90704 re
f
BT
873.07361555
ET
4 
(Cali78D
-.0cFast Channel 2, data n0 Tw
(6  pulse)Tj
ET
55.7195-684.68 .90709 14.4 re
f
5640688683.773 131.528 .90704 re
f
BT
82.901367 555
ET
4 
(Cali781
-.0009 Tc
-.0008 112.7(empe
(Cure temp[1)Tj
4(1:8] Nibble)4 re
f
155.7195-684.675 .9071 14.4 re
f
15640688688.718 180.428 .90704 re
f
BT
8 0.77 8 6555
ET
4 
(C015 TcBit inversroniof data n0 Tw
(1  pulse)Tj
ET
355.7195-684.1 .90707 14.4 re
f
555.7195-684.1 .90707 14.)Tj
ET
35 40688688.718 181.328 .90704 re
f
BT
82.10
f
554134T
4 
(Cali71
-.001RC/Checksumi9.6( /  pulse)Tj
ET
53.0995-684.68 .90709 14.4 re
f
55.7188683.773 131.554 .9071 re
f
BT
821.61 m
454134T
4 
(Cali719
-.001RC is calculated according to SAE J2716, sechroni5.4.2.2 Recommended Implementchronn pulse)Tj
ET
153.0995-684.65 .90707 14.4 re
f
553.0995-684.25 .9071 14.4 re
f
155.7188623.118 361.814 .9074 re
f
BT
825.436
1529.01 699.6473 8
-.00Pauseizatio (ophronal)  pulse)Tj
ET
51 J 5-684.68  .9071 24.945Tj
ET
53.0088683.773 131.528 .9070)Tj
ET
51 J 5-83.773 131.554 .9071 re
f
BT
8197.57481529.01 699.6473 19
-.00If enT)75d by 23 Tcpause_plsch2_, pauseizatio follows 1RC n0 Tw
(to adjust c
(H.f SENTlength(to  Form977336
1.61055-1.2331 TD
-.0c4 * t_PERn pulse)Tj
ET
151 J 5-684.678 .9071 24.945 re
f
551 J 5-684.1 .90707 24.945 re
f
153.0088623.118 361.828 .9070)Tj
ET
151 J 5-23.118 361.814 .9074 r gs
BT
/TT(19)Tj
9)Tj
ET3 49.94
f
5
(Cali7T2
-.0018 Tc
(Cali / ration/SynchroniPation pu gs6BT
/TT20 i 
q 0 6.735Tm
482189T
3
(C015c
00817
-.0005 Tw
[7(Tlength(is deriv5d from tiENTelaps5d between two Nibb-.8957
1.6196
11.2.2046
-.000falling edges. 18 Tc
(Cali / ration/Synchronizatio is 56 NibbT*
.01 Tm
.000c
(H.tick pe
iod long. Nominal.tick patio length(is set(to Nibb0
1.68076-1.2331 0415c
007T2
- Tc“t_c
(H” (3  For/F3BT
/TT5.49T
30-1.2Tm
0 g
0 Tc�n pu gs6BT
/TT77 8630-1.2(s).  pu-501364
1.6196
11.2.653.
-.00018 Tc
(Cali)0 0( )-901(/ ration/Synchronizatio is us5d for Nibb-.8957
1.61906-1.233117
-.000deblrminaCali)901( o)17(f)17(  Nibb6. between.98BT
/TT77sbetwee20745683.773 131.528 .90704 re
f
BT
82.0704 rcio lengt4 * t_Pstalong. Nominal.tick patio 3ab	)-s688907184.1inal (3nizatcio lens5d for Nibu gs61T
/TT7 TD
683.718 T. Actu(H” (3 18 Tc5c
l.tick (  obtainlse)tchro6-1.23311(to Nibu gs675-684.6751
683.74.4 recio2046
-.00divid SENTl56504 Tmzatio is 56 NibbTNibb-.8569
683.7F31 TD(H.)70 04 * t_Ps valuk (  inan equ(H” o4 * t_PE46
-.00/chronizatio is 56 NibbTu gs675-680
683.718(3 chron001R4.4gt4 * t_P49071 118 Tc1.5us -.0 Tnalvaluk 4.1inal.90712/ rf eon/Syn * t_PE(  al.9074151724gt4 * t_P2.1 .907.90 numbernizat 79ta ens5d for Nibu gs.71886in alr684e <0 .. 15>.li)0 0(oniPation pu gs6BT
/TT23492 6)Tj6.735Tm
3 14.4 re
f
569074 683.773 131.554 .9071 s deriv5d from tiENTelaps5d 3y 21433two Nibb-.809684.67 554 .90604 r)-6(bpu-2132331 Tassocipulsewi.00d.9074.1f
564pulse)Tj1chronizatio is 56 NibbTg. Nomappeared.li)0zatio is 56 NibbT*809684.6.625 .90blse)Tj2331 Tassocipulsewi.00d.9074.1f
564pulse)Tj2371892atio is 56 NibbTg. Nomappeared.li)0zatio is 56 NibbTu gs.71884.6751
683.7554 .90504 r.90 02569073684.1 .2.D.90759809 1r.90 504 Tm 0(oniPation pu gs317ET
59.0 i 
q 0 6.735Tm
09 14.4 re
D.907N* t_Ps f
5640688683s9070)Ts deriv5d from tiENT32cio984.between two Nibb-.3322
683.7Reserg e)13( sig
(H”r684e
56886definlseNTl95-684.65.chronizatio is 56 NibbT*
679
683.7P59.9539 684.1)130 04)tio5(6907tf
156406886sig
(H”valuk r684e
56881(to Nibu gs15-680
683.7limiulse o4code
51..49)Tj)tcshown555 T)ela2.0009 T4504 Tm 0(oniPation pu gs32001 0 4y 26590 6.735Tm
48218 gs11688.252 Tm
2.0009 T45 De)9.6952 Tm
2.A)-0 04)t60.4NIBBLE4)t60.4RES.94 797(VED V Tm
-.ALUES Nibble)]TJ
E3y 2237182.222390 6.735T1599 14.4 re
Sig
(Hj
ET
35 17ET
455.7187ali / ra15.is uli71
-17ET
4552ci45 rzatRC n15:12]n pulse)Tj
ET
37 etw903982.222390 6.735T156 14.)TV)5604 a)2(luk14.)Tj
ETela10755.7187ali / ra15.is uli71
-ela107552ci45 rzatRC n15:12]n pulse)Tj
ET
3746(T)301 2.222390 6.7(Descrip14.4 re
f
10 792855.7187ali / ra15.is uli71
ET
151 J5.7187ali / ra15.is uli71
0 7928552ci45 r13eck16libration/Synchronization pulse)T33ec2684.40718961 6.735T152.1 .9E331 371892763.6 re
f
551 J 5-17 14.)Tindic)-6(a).6(t betwee
35 17ET
45378.311629.70Tc3.5 Nili71
-17ET
45510.9718zatRC n15:12]n pulse)Tj
ET
37 .0025 .940718961 6.75T15684.67 49)9)-1302.0..)-15(9409514.)Tj
ETela1075378.311629.70Tc3.5 Nili71
-ela10755.0.9718zatRC n15:12]n pulse)Tj
ET
37423.32c.40718961 6.735T161 14.)TCode
)-1604 rre
)-504 1)1o5(rv)-504 1d)-14(6. be-Tj
2(j2331 e-Tj
o20indic)-504 a)1o5(t b
)-504 .t(to Nibb021688.25O)-302.n)80.4ly)-160 04valuk)-1304(6)705 4991e-Tj
6(6)60.4(G)-302.en.1 c)-15
6(6)m
-.2331 907-Tj
9(6)601(is1.2Tm
0 g
2.59809 14.1688218 g149
683.7u
)-508 1d)-1404(6in)-15
4(60 0 1 59.4.)Tj
E0 79285378.311629.70Tc3.5 Nili71
ET
151 J378.311629.70Tc3.5 Nili71
0 792855.0.971813eck16libration/SynchTj
ET
37 279t2216-ela3330 6.735T175-680
683(0688683li)0za6445 re
f
551 J 5-16 adjusd.90j
ET
35 17ET
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The total signal delay in the SENT configuration with
pause pulse enabled is equal to (SENT_delay + POS_DLY).
The delay is taken to the 1st falling edge of the status nibble.

Without pause pulse, additional delay varies between 0 �s
and SENT frame length. SENT_delay = 71 �s at typ. clock.

ro
to

r 
an

gl
e

time

POS_DLY

O
U

T
 v

ol
ta

ge

SENT_delay

rotor angle

NCV77320 signal delay

OUT (SENT)

Sync. / Cal. pulse
stat.

nibble
Ch1
MSN

Ch1 Ch1
LSN

Figure 22. Signal Delay in the SENT Frame

Temperature Signal
Temperature information is provided on Fast Channel 2.

Temperature is coded as a 12−bit number according to SAE
J2716 E.2.2.1:
• Slope STF = 8 LSB / K

• Offset TOFFSET = 200 K

(eq. 5)
temperature[11:0] = round(STF · (T[K] ĭ T_OFFSET ) / [K])

Numerical temperature output range is limited to 1 .. 4088
which corresponds to −73.025°C to 437.85°C.

SENT Enhanced Serial Message
The NCV77320 makes use of the Enhanced serial channel

for diagnostic and device information.
The Status bits 2 and 3 of the NCV77320 are used for the

Enhanced serial channel operation. The drawing below
shows the frame format. In total 18 SENT frames are used
to build a full Enhanced serial message.

Bit 3 indicates the start of the Enhanced channel frame
data when 6 consecutive “1” bits followed by one “0” is
send. The configuration bit as being “0” and the 8 bits ID are
following. Bit 2 contains only the CRC and 12 bits data
content over the full Enhanced frame.

Status & Comm. nibble

SENT Frame No.

Serial data ĭ bit [3]

Serial data ĭ bit [2] 6 ĭ bit CRC [5:0] 12 ĭ bit data field D[11:0]

1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0 0 8 ĭ bit ID [7:4] 8 ĭ bit ID [3:0]0 0

SENT frame 1

S
yn

c
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C
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P
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ul
se

Opt.

SENT frame 2 SENT frame 3

S
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Opt.

S
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se

Opt.

3 2 1 0

Status &
Comm.

Bit :

18 Frames

Figure 23. Enhanced Slow Channels SENT Frame Format

SENT serial communication is free running and not
synchronized with any on chip failure. This means that
depending on the error detected, the SENT driver is
switched off (e.g. short at the output pin). The SENT serial

communication does not necessarily start with SENT frame
No.1 after the error is released and by that, the Master
module always should resynchronize to the next full frame
indicated by the start bits.
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Table 15. ENHANCED SERIAL MESSAGE SEQUENCE

Serial Message No. Message ID Description Data Field D[11:0]

1 0x01 Failure flags D[11:9] = 0x0, D[8:0] = fail_flags[8:0]

2 0x23 Temperature code temp[11:0]

3 sent_idpg1[3:0] * 16 + sent_id11[3:0] user data sent_data_11[11:0]

4 sent_idpg1[3:0] * 16 + sent_id12[3:0] user data sent_data_12[11:0]

5 0x01 Failure flags D[11:9] = 0x0, D[8:0] = fail_flags[8:0]

6 0x03 SENT sensor type sent_sensor_type[11:0]

7 sent_idpg1[3:0] * 16 + sent_id13[3:0] user data sent_data_13[11:0]

8 sent_idpg1[3:0] * 16 + sent_id14[3:0] user data sent_data_14[11:0]

9 0x01 Failure flags D[11:9] = 0x0, D[8:0] = fail_flags[8:0]

10 0x05 SENT manufacturer code sent_manufacturer_code[11:0]

11 sent_idpg2[3:0] * 16 + sent_id21[3:0] user data sent_data_21[11:0]

12 sent_idpg2[3:0] * 16 + sent_id22[3:0] user data sent_data_22[11:0]

13 0x01 Failure flags D[11:9] = 0x0, D[8:0] = fail_flags[8:0]

14 0x06 SENT protocol revision sent_protocol_rev[11:0]

15 sent_idpg2[3:0] * 16 + sent_id23[3:0] user data sent_data_23[11:0]

16 sent_idpg2[3:0] * 16 + sent_id24[3:0] user data sent_data_24[11:0]

17 0x01 Failure flags

sent_da.1149 49 8 412.1575 469.
BT
8 0 0 8 442s .9071:0]

8

8
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SPI INTERFACE

Physical Interface
The NCV77320 has an SPI interface that is aside of the

Analog output or SENT output operation active.
When the application does not require SPI operation, the

“spi_ena” bit in the EEPROM should be set to “0”, the
SPI_CS\, SPI_SI, SPI_CLK and SPI_SO pins should be tied
to GND.

The VIO pin should be connected to the supply voltage
(3.3 V or 5 V) of the micro controller that is used.

With the SPI interface, the NCV77320 is fully accessible
and allows for event driven operation with the SPI_INT\ pin.

The SPI interface works in 32 bit mode but is compatible
with 16 and 8 bit SPI interfaces. The high level block
diagram of the SPI slave is shown in the following figure.

Figure 24. SPI High Level Block Diagram

Input shift register

Output shift register
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Figure 26. SPI Read Structure for Operational Mode Operation

SPI_CLK

SPI_CSB

Data[15:0] + Address X + CMD

Data Previous frame (Frame 0) + Counter + Fault bits + CMD

SPI_SI

SPI_SO

Next Read command

Frame 1 Frame 2

Data[15:0] from Address X + Counter + Fault bits + CMD

CRC

CRC

CRC

CRC

SPI CRC 8−bit code (ATM−8) is calculated over the
whole data in the frame using polynomial 0x107, seed value
is 0xFF.

Polynomial:

x8 � x2 � x1 � x0 (eq. 6)

SPI in Service Mode
Figure 27 shows the command structure for Service mode.

Sixteen bits are used for data. Next is a 6 bit start address,
which selects an SPI address from where the data should be
written or read. The command is given in the third byte, it is
3 bits long. The end address is given by the last 6 bits. While
the Service mode is only used for End of line calibration, the
messages do not contain a CRC for error detection and
correction.

Figure 27. SPI Frame Structure for Service Mode Operation

CMD[2:0]DATA[15:0]

DATA[15:0]

SPI_SI
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After “PROG” command, the device is busy for “TPROG”
time with EEPROM programming. During that period, SPI
response has all bits set to 1 and all incoming SPI frames are
ignored.

After “VERIFY” command, master device should wait
for “TVERIFY” and then “ee_verify” (bit 15) can be checked
by “READ_RT” command of address 12.

Tables 19 and 20 show all the accessible registers and the
description for the bit and word functions.

SPI Interrupt Output
The SPI interrupt is used to indicate to the micro controller

that a new position/angle is available from the digital
sampler or new ADC data is available in case of direct ADC

data read out. After reset, the SPI_INT\ pin is high (Pull−up
required to VIO). When a sample scan is finished, the
SPI_INT\ pin goes low. After the SPI read of the position the
SPI_INT\ pin is brought back to a high state again.

Position/Angle Data Read Out (direct_adc = 0)
There are two modes of operation determined by the

“spi_int_edge” parameter:
Level sensitive interrupt (spi_int_edge = 0) provides

always latest available data via the “pos_out[15:0]” register.
If during the SPI transmission a new position becomes
available, the SPI_INT\ pin will stay low, to indicate that
there is new data available again.

pos_out[15:0]

 new data  new data new data  new data  new data

SPI_INT\

 last data read newer data available  last data read  last data read

SPI_CS\ n n+2 n+3 n+4

n+5n n+1 n+2 n+3 n+4
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DIAGNOSTICS

The NCV77320 has several diagnostic circuitries to check
for errors in the chip and connected coil structure in− and
outputs.

Table 18. Diagnostics

Detected Failure fail_flags[15:0]
V(OUT) 

Analogue Config
OUT

SENT Config SPI

Primary frequency out of limits 0 High Z (Note 12) active active

Primary amplitude too low 1 High Z (Note 12) active active

Primary common mode voltage out of range 2 High Z (Note 12) active active

Secondary coil open 3 High Z (Note 12) active active

Secondary coil short 4 High Z (Note 12) active active

Signal amplitude too low 5 High Z (Note 12) active active

Direct coupling compensation failure 6 High Z (Note 12) active active

Internal failure 7 High Z (Note 12) active active

PWL table monotonicity failure 8 High Z (Note 12) active active

GND loss 9 High Z (Note 12) High Z active

SPI_INT\ error 10 N.A. N.A. active

OUT pin overdriven
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MEMORY MAP (EEPROM + STATE REGISTERS) CONTENTS TABLES

Table 19. CONFIGURATION MEMORY CONTENT  

ADDRESS[5:0]
DATA[15:0]
Bit Position Access Parameter Description

Default
Value

7 15:0 R/W crc_cal[15:0] CRC code protecting addresses 7 to 11 2866

8 1:0 R/W wd_cfg[1:0] Watchdog configuration
0 … WD disabled

1 … 5 ms Initial WD window
2 … 20 ms Initial WD window
3 … 200 ms Initial WD window

0

8 2 R/W spi_ena SPI interface
0 = inactive, SPI_SO = HiZ

1 = active

0

8 3 R/W spi_int_edge SPI interrupt SPI_INT\ mode
0 = Level triggered mode
1 = Edge triggered mode

0

8 4 R/W direct_adc Selection of the position data calculation
0 = internally
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Table 19. CONFIGURATION MEMORY CONTENT (continued)

ADDRESS[5:0]
Default
ValueDescriptionParameterAccess

DATA[15:0]
Bit Position

51 15:12 R/W sent_id14[3:0] SENT enhanced message ID field 0

52 11:0 R/W sent_data_21[11:0] SENT enhanced message data field 0

52 15:12 R/W sent_id21[3:0] SENT enhanced message ID field 0

53 11:0 R/W sent_data_22[11:0] SENT enhanced message data field 0

53 15:12 R/W sent_id22[3:0] SENT enhanced message ID field 0

54 11:0 R/W
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Memory CRC Checksum
Memory CRC 16−bit code (CRC−16−DNP) is calculated

using polynomial 0x13D65, seed value is 0xFFFF
Polynomial:

x16 � x13 � x12 � x11 � x10 � x8 � x6 � x5 � x2 � x0

(eq. 7)

Table 20. RUN TIME MEMORY CONTENT  

ADDRESS[5:0]
DATA[15:0]
Bit Position Access Parameter Description

Default
Value

0 15:0 R.O. pos_out[15:0] Internal DSP variables N.A.

1 15:0 R.O. vrec_amp[16:1] Internal DSP variables N.A.

1
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APPLICATION SPECIFIC INFORMATION

Application Set−ups for Functional Safety
The NCV77320 has the capability to operate with a

second chip to achieve a conclusive position. Several
application diagrams can be imagined ranging from ASIL B

to a higher functional safety level. In the following pictures
some topologies are depicted.

In dual chip configuration, “inp_diag_per” bit shall be
programmed differently for each device.

Figure 33. Dual Chip Configuration with Split Supplies and Common Rotor

Figure 34. Dual Chip Configuration with Shared Supplies and Excitation Source with Common Rotor

EX 1

EX 2

VDD

REC1

REC2

REC3 IPS NCV77320
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CRC Calculations Language Examples

SPI CRC 8−bit Code (ATM−8)
Input parameter for function is 32 bit SPI frame with 0x00 at CRC positon (bits [7:0]) of the SPI frame.

uint8_t calc_crc_spi(uint32_t data) {   //8-bit CRC with seed 0xFF and polynom 0x107

    uint32_t polynom = 0x10700000 << 3, crc = 0;

    uint8_t shift = 0, roll_back = 0;

    crc = 0xFF000000 | ((data >> 8) & 0x00FFFFFF); //data init
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CRC Calculation for checksum Nibble of the SENT Frame

uint8_t calc_crc_fast_msg(uint32_t data) {   //4-bit CRC with seed 5 and polynom 0x1D

    uint32_t polynom = 0x1D000000 << 3, crc = 0;

    uint8_t shift = 0;

 

    crc = 0x50000000 | (data & 0x0FFFFFF0);   //data init

    while (shift <= 27) {     //shift and if 1 perform XOR

        if ((crc & (1 << (31 - shift))) != 0) {

            crc = crc^(polynom >> (shift));

        }

        shift++;

    }

    return crc;

}

//example of use

int main(void) {

    uint32_t SENT_frame = 0x8301F332;   //32 bits, from MSB to LSB: status and comm

    volatile uint8_t result;    //nbl, data nbl 1 … data nbl 6, CRC nibble

    result = calc_crc_fast_msg(SENT_frame);   //result = 0x02, SENT frame is valid

}
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SENT Serial Message CRC – Slow Channel

ID   = 0x85  =      0b1000 0101

data = 0x2B1 = 0b0010 1011 0001
crc_frame = 0b0000 1100 1000 1010 0100 0110;   //organized according to SENT serial message

  //CRC chapter and figure 24 from ID and data

uint8_t calc_crc_slow_msg(uint32_t data) {   //6-bit CRC with seed 0x15 and polynom 0x59

    uint32_t polynom = 0x59000000 << 1, crc = 0;

    uint8_t shift = 0, roll_back = 0;

    crc = 0x15000000 | (data & 0x00FFFFFF);    //data init

    while (shift <= 25) { //shift and if 1 perform XOR

        if ((crc & (1 << (31 - shift))) != 0) {

            crc = crc^(polynom >> (shift));

        }

        shift++;

        if (shift == 6 && roll_back == 0) {   //shift back 6 bits to add 6 zeros at the end

            shift = 0;   //of the message for proper result

            crc = crc << 6;

            roll_back = 1;

        }

    }

    return crc;

}

int main(void) {     //example of use

    volatile uint8_t result;

    uint32_t crc_frame = 0b000011001000101001000110;

    result = calc_crc_slow_msg(crc_frame);   //result = 0x3D

}
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Memory CRC 16−bit code (CRC−16−DNP)
CRC calculation in the chip is starting with seed, then data

from MSB of the high address to LSB low address in the chip
memory and tailing zeros (e.g. 0xFFFF, data from MSB addr
29 to LSB addr 22 and 0x0000).

uint16_t calc_memory_crc16(uint8_t address_start, uint8_t address_end, uint16_t *data) {

    uint32_t polynom = 0x13D65000 << 3, crc;

    uint8_t polynom_shift = 0, current_step = 0, step_count;

 

    crc = 0xFFFF0000 | data[address_end];                       //data init

    step_count = address_end - address_start + 1;

 

    do {

        current_step++;

        for (polynom_shift = 0; polynom_shift < 16; polynom_shift++) {

            if ((crc & (1 << (31 - polynom_shift))) != 0) {     //XOR and shifting

                crc = crc^(polynom);

            }
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