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Dual channel programmable angle sensor IC
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6 WEER (BIST) 4ifidi £ SM-08
5 Pt 5 SR AR BIST 5epif e SM-06 fil SM-07
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1Ch 000h #| 1FFh 9 fi A% K25 B IR FL VoVl = (B5-E[LSB] + 33) /58

200h % FFFh BRI

£ 21, I RBIEEHL 1. HREEEMA
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100h ¥ FFFh R
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8 fiz ID 12 R 38 i
29 /i 000h 1183 D1 0b
FFFh &35 1D2 1b
% 23, OEM_CODE_1[11:0] - OEM fX7% 1 {§ &
8fLID 12 prARES :3'8 i
90 /)M 000h #| FFFh OEM 4{#i% 1 R AT R it A 2%

#24. OE M_CODE_2[11:0] - OEM X% 2 4 &
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91 /i 000h #| FFFh OEM 115 2 ] e g &

#25. OE M_CODE_3[11:0] - OEM %2 3 #H &
8z ID 12 PRI TEX PRiB

92 /NI 000h | FFFh OEM 115 3 PR mfe s n s

#26. OE M_CODE_4[11:0] - OEM {4 4 {4 &
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KMA320_A A PR 15 B 2 R T S 2R © NXP B.V.2022 {38 i 5 LA

UEE AT SR AR X AR s IC

% 28. OEM_CODE_6[11:0] - OEM X% 6 J4 &
8 frID 12 Hr AR5 & s

95 /N 000h % FFFh OEM X1 6 FH P a] Gm R S o 7%

#29. OE M_CODE_7[11:0] - OEM {75 7 4 &
8 fi ID 12 RLARFD Y it

96 /NI 000h ¥| FFFh | OEM {tfi% 7 FH P AT G R B P

#* 30, OE M_CODE_8[11:0] — OEM {75 8 yH 5

‘ 8 £ ID 12 FrARES 58 A
‘97 ANID) 000h #| FFFh OEM 114 8 EEDREIE Y g
8.11
RizZkr

SENT bR € TAHHE W5 BIARE ik . X5k 2 My o, BARR T
SENT &I it Bhishs XA 4 e &

8.11.1
WEBRE LB

STATUS nibble fJfz 0 FIfiz 1 7] I+ R Hi2WRtRZASKFIME S, 1 DATA nibbles 17594 R4
G AMH. CRCHEENFDIRAME, FIBEIIEA SR R A .
B.11.1.1 2Mifr

Z % STATUS nibble A7 0 & SCHZWIAL. WHR & A2 Wi, WiZWifiitE A
B,

A] LLE AR 5 e MEAE A 2 ) SENT_SETTING?2 247 8% I H#E1Y STATS AR A M7 ke 4k
Wi IR AR BN 0; ES K 51.
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W ATE R A, MRYEZE 31,
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HitER IEEE (215
A1 fii 4095
A3 ffE Bk
H.1 fii 4090
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W B AT I BOSEPRESRETE B

PRI W AN 515 S AL 1Rl I8 T B AR M (2 Wol S ARSI B 1D 01h iifdim. DAL,
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9.1 %A MPC#E=R
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Figure 9. No MPC mode
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Figure 10. MPC17 mode
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Figure 11. MPC7 mode
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KMA320/A &AM EIE AR BELL T2 Wi DR . SCRFDIRE % SR E ) 2 WL ] A 5
SM-xx tric. RABEGNECE —FR T 2, DI XS A i Me. B, A
VAR EAT.

10.1 NVM CRC (SM-20). NVM EDC & (SM-21) 1 NVM ECC £ & (SM-
22)

V4 IR ANEE B A0 R R 1 B . FRHLI, 30T IR 5 R PEAE 65281 CRC (SM-
20). NVM P N=AE P X, AdEHEME CRC (CRC1. CRC2 1 CRC3) Fil—M ik
W X4 ch S P IR, 25 CRC 47, IhAh, WIS, Biibhistie. K
M, AN 16 AR P B ARAT N 22 B0 . AR B AR IE MO 7 (AT AT B 45
(SM-22), Tlifk Ikt T IEHIEATRR . BEAh, ZOBE R A 17 X4 12,
FEA TR ES W R (SM-21).,

10.2 IHEIEEM (SM-18) F1 GND #H &M (SM-19)

ThER AR I B % T DGR 5055 1C B b Wy el YR el 2 o SR BLIT WL 00, A SRR
HEIPIAS N EBTT SRS P, R AU H 1) 5] BRI B L 0 P L AT R 5B

=758
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0083 /R77

B 12. B A oK AT 45 A Y P

2R 32 IR T AAFFEAT Iy, FFARHE T T 1 PR B e A S P PR 4 7 AR A B R
% 32, Wikt A

yik:1 =) BT ER) L R 2R TR Bk 4R
TR () > 5kQ Vs os 4 %V 4 V 5130296 %V « )|

10.3 HFETERN (SM-16) F/REMKN (SM-17)

AR AR A AR ORI R L I, s BRGSO, BE NS W R e I v
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10.4 wRHRBIE (SM-13. SM-14 f1 SM-15)

10.5
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WERAR G A SR 5 B bR A 228 £ 30% Bk a5 11, W BB CTRLA 2747 & HPRAS AT
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10.5.1 AETE: P

ASIL control sequence ‘

6.25 kHz clock |||||||Illllllllllllllllllllll
RESET_N |

"

SM-08 | 0 1 2

BIST encoding check

3 5 7 5 T E
|DLE| 4 IDLE| 6 |IDLE| 8 ||DLE| 10 |IDLE| 12 ||DLE ]2 ‘

SM-07 ; BIST completion check SM-07

SM-01 I—l l—l
magnetic field conversion check

SM-02 I_l
inverted angle calculation check

SM-03 _I j
data division check
SM-04 |—|
data conversion check

SM-05
adjusted angle calculation check | | I | | |
[pp— C—

‘ aaa-028146

Figure 13. Sequence state register and start flags for integrated self-checks
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H )5 CORDIC fERUINiE S ML T IEH e T8, Mg B, that, XA E AT LUE
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10.5.3

10.5.3.1
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10.5.3.3

KMA320_A

Dual channel programmable angle sensor IC

WER NS A7 Sk JEINE SR BRI R, 7 a2 NS W
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PLA MPC7 Fil MPCA7 15X BRI . 4 R 1A 8 1 B 1SS 75 com AT AR A
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NI ESE 5.
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10.5.3.7

& 35. BRICWHE

Dual channel programmable angle sensor IC
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SD-ADC A HERTIEHE . RE o kA . B iR R KT 95%
(CEFEYERED, W& ERERE. WIRSHRER LU ASIL_SETTING #1725 1
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125N TR Baee ] HHITA
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CREREI) V 4 2R
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Characteristics are valid for the operating conditions, as specified in Section 12.
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Characteristics are valid for the operating conditions, as specified in Section 12.
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Characteristics are valid for the operating conditions, as specified in Section 12.
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Characteristics are valid for the operating conditions, as specified in Section 12.
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15.2

15.3
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16 Programming

16.1 General description

KMA320_A

The device provides an OWI to enable programming of the device which uses
pin OUTn/DATARN bidirectionally.

In general the device runs in analog or SENT mode, the normal operation mode. The
embedded programming data configures this mode. After a power-on reset once time
ton has elapsed, it starts. In this mode, the magnetic field angle is converted into the
corresponding output voltage per channel.

A second mode, the command mode enables programming. In this mode, the customer
can adjust all required parameters (for example zero angle and angular range) to meet
the application requirements. Data is stored in the non-volatile memory. After changing
the contents of the memory, recalculate and write the checksum (see Section 16.4).

In order to enter the command mode keep pin OUTn/DATANn HIGH for at least t;, and
send a specific command sequence after a power-on reset and during the time slot
temd(ent)- The external source used to send the command sequence must overdrive the
output buffer of the device. In doing so, it provides current lo4. This signature can be sent
to each channel separately or in parallel.

During communication, the channels of the KMA320/A are always the slaves and the
external programming hardware is always the master. Figure 21 illustrates the structure
of the OWI data format.

write

IDLE |START|COMMAND| DATA BYTE 1| DATA BYTE 2 | STOP | IDLE

read
IDLE |START|COMMAND |HANDOVER | DATABYTE 1 | DATABYTE 2|TAKEOVER| STOP

IDLE

001aag742

Figure 21. OWI data format

The master provides the start condition, which is a rising edge after a LOW level. Then a
command byte which can be either a read or a write command is sent. Depending on the
command, the master or the slave has to send the data immediately after the command
sequence. If there is a read command, an additional handover or takeover bit is inserted
before and after the data bytes. The master must close each communication with a stop
condition. If the slave does not receive a rising edge for a time longer than t;,, a timeout
condition occurs. The bus is reset to the idle state and waits for a start condition and a
new command. This behavior can be used to synchronize the device regardless of the
previous state.

All communication is based on this structure (see Figure 21), even for entering the
command mode. The customer can access the non-volatile memory, CTRL1, and
SIGNATURE registers (described in Section 16.5). Only a power-on reset leaves the
command mode. A more detailed description of the programming is given in the next
sections.
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16.2 Timing characteristics

16.3

As described in the previous section, a start and stop condition is necessary for

Dual channel programmable angle sensor IC

communication. The LOW-level duration before the rising edge of the start condition
is defined as tgio1t- The HIGH-level duration after the rising edge of the stop condition
is defined as tsop. These parameters, together with all other timing characteristics are
shown in Table 45.

|<— tstart —

tstop

Figure 22. OWI start and stop condition

001aag817

Figure 23 shows the coding of a single bit with a HIGH level of V|, and a LOW level of
VL. Here the pulse width t,,1 or t,,o represents a logic 1 or a logic 0 of a full bit period T,
respectively.

bit=0

Thit

bit =1

Thit

0.175

<« two —

0.375

0.625

tw1

0.825

0.25

Figure 23. OWI timing

0.75

001aag818

Sending and receiving data

The master has to control the communication during sending or receiving data. The
command byte defines the address and type of command the master requests. Read
commands need an additional handover or takeover bit. Insert this bit before and after
the two data bytes (see Figure 21). However, the OWI is a serial data transmission,

whereas the MSB is sent at first.

Table 47. Format of command byte

7 6 5 4 3 2 1 0
CMD7 CMD6 CMD5 CMD4 CMD3 CMD2 CMD1 CMDO
Table 48. Command byte description
Bit Symbol Description
7to1 CMD[7:1] address bits
0 CMDO 0 = write
1 =read
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A more detailed description of all customer accessible registers is given in Section 16.5.
Both default value and the complete command including the address and write or read
request are also listed.

16.3.1 Write access

To write data to the non-volatile memory, perform the following procedure for write
access:

1. Start condition: The master drives a rising edge after a LOW level
2. Command: The master sends a write command (CMDO = 0)

3. Data: The master sends two data bytes

4. Stop condition: The master drives a rising edge after a LOW level

Figure 24 shows the write access of the digital interface. The signal OWI represents

the data on the bus from the master or slave. The signals: master output enable and
slave output enable indicate when the master or the slave output is enabled or disabled,
respectively.

(START)( CMD7 > ( CMDO >< WDATA15) < WDATAO >< STOP)

IDLE

7 N

master
output
enable

owl [T J’_| L | L[| @

slave
output
enable

(1)
001aag743

1. Missing rising edges generate a timeout condition and the written data is ignored.
2. If the master does not drive the bus, the bus-pull defines the bus.

Figure 24. OWI write access

Note: As already mentioned in Section 16.1, use the write procedure to enter the
command mode. If command mode is not entered, communication is not possible and
the sensor operates in normal operation mode. After changing an address, the time
torog Must elapse before changing another address. After changing the contents of the
non-volatile memory, recalculate and write the checksum (see Section 16.4).

KMA320_A All information provided in this document is subject to legal disclaimers. © NXP B.V. 2022. All rights reserved.

Product data sheet Rev. 6 — 18 May 2022

4271

NXP
www.soustar.com.cn 13632858587



NXP Semiconductors KMA320/A

Dual channel programmable angle sensor IC

16.3.2 Read access

KMA320_A

To read data from the sensor, perform the following procedure:

1.
2.
3.

o

7.
8.

Start condition: The master drives a rising edge after a LOW level

Command: The master sends a read command (CMDO = 1)

Handover: The master sends a handover bit that is a logic 0 and disables the output
after a three-quarter bit period

Takeover: The slave drives a LOW level after the falling edge for tyq(siv)

Data: The slave sends two data bytes

Handover: The slave sends a handover bit that is a logic 0 and disables the output
after a three-quarter bit period

Takeover: The master drives a LOW level after the falling edge for tyo(mas)

Stop condition: The master drives a rising edge after a LOW level

Figure 25 shows the read access of the digital interface. The signal OWI represents

the data on the bus from the master or slave. The signals: master output enable and
slave output enable indicate when the master or the slave output is enabled or disabled,
respectively.

w

5.
Figure 25. OWI read access

= START CMD7 CMDO HANDSHAKE RDATA15 RDATAO XHANDSHAKEX STOP IDLE
master
output | A
enable
3)
owl | | i u N | | i [ ] G)
m(
slave
output |
enable

) 2) (4) 001aag744

. Duration of LOW level for slave takeover tyq(si)-
. The master output enable and the slave output enable overlap, because both drive a LOW

level. However this behavior ensures the independency from having a pull-up or pull-down
on the bus. In addition, it improves the EMC robustness, because all levels are actively
driven.

Duration of LOW level for master takeover tyo(mas)-

If the master does not take over, the pull-up generates the stop condition. Otherwise a
timeout is generated if there is a pull-down and the slave waits for a rising edge as start
condition.

If the master does not drive the bus, the bus-pull defines the bus.
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16.3.3

16.4

KMA320_A

Dual channel programmable angle sensor IC

Entering the command mode

After a power-on reset, the sensor provides a time slot tcngent) for entering the command
mode. Send a specific command sequence (see Figure 26). If command mode is not
entered, the sensor starts in the normal operation mode. If the sensor stays in the
diagnostic mode, the master can write the signature without a power-on reset.

During the command mode sequence, the output is enabled. The external programming
hardware has to overdrive the output with current |4. If command mode is activated, the
output is disabled and pin OUTn/DATAN operates as a digital interface.

tcmd(ent)

Vbp

OW| =——t START B4h 83h X 64h STOP —
l«— command signature

aaa-028148

Figure 26. OWI command mode procedure

Cyclic redundancy check

As mentioned in Section 10.1, there is an individual 8-bit checksum for each non-volatile
memory area. Bit 8 of the CTRL1 register indicates a checksum error of customer area
1, 2 or 3 as well as the manufacturer area of the NVM including the traceability registers.
Generate the CRC with the MSB of the data word first over all corresponding addresses
in increasing order for the corresponding memory area, to calculate the checksums.

Read out all registers of the non-volatile memory area for calculating the checksum.
The LSB contains the previous checksum and must be overwritten with Oh before the
calculation can be started.

The generator polynomial for the calculation of the checksum is:
G(x) = x8+x2+x+ 1 ©)

With a seed value of AAh and the data bits are XOR at the x® point.
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16.4.1

Dual channel programmable angle sensor IC

CH+H Bl

#Include "stdafx.h"

#Include "conio.h"

Unsigned int calculate crc(unsigned int crc, unsigned int
Data word)

{

Const unsigned int gpoly = 0x107; // Ap#sZ izl

T (int i = 15; i >= 0; i--)

{ crc <<=

1;

Crc |= (int) ((data word & (lu<<i))>>i);

e (crc & 0x0100) crc "= gpoly;

}

iR\ crc;

}

Int main (void)

{

RBEAR int crc;

// P 1 R A

Unsigned int data word[] = {0x0000, 0x0100, 0x1300, 0x1000,
0x1FFE, OxFFFF, 0x1200, 0x0000, 0x0099, 0x0F89, 0x80FA,
0x00BE};

// MF1E crc =

OxAL;

printf ("M F{E\n0x%02X\n\n", crc);

/] EAEAREE

Unsigned int N = sizeof (data word)/sizeof (unsigned int);
// 8 A LsB LREEAHTRERA, ©4TH 0 HA

data word[N - 1] = data word[N - 1] & OxFFO0O;

// VP Mk R IG AN

printf ("Hulb\t\tvalue\n");

T CREZH int 1 = 0; i <= N - 1; i++)

{

printf ("0x%02X\t\t0x%04X\n", i, data word[i]);

crc = calculate crc(crc, data word[i]);

}

printf ("\nChecksum for customer area 1\n0x%02X", crc);
_Getch (); R [A

0;

}

XANEHE 7 51 IR B A 2 B3h.

16.5 F1Fas

KMA320_A
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16.5.1 %44

AR DU AN 28 A N, XRG4 0 AR 5 SN A A XCRAT AN R B D7 TR ALRR
£ 49 SRR RN NAFAN R X U5 R 200, BB T Bl A 2544

F49. B8
4 e TN ZIX E9als E9alrs BT
EXeE 1 2 3 52
A (OEM) 7253 /N R/W -/- -/- R/W -/-
B (312 8364 /N R/W R/W R/W R/W R/-
16.5.2 W R
FRENAT SR, TEE N4 R4 L 49 ] OWI BE N Zi /7 4% . IR PR HAT It
MR 16.3.3 1, S m4, SAMME, EATIEERS, Tuﬂﬂf tomd centre
&K 50, QA
I T B b ik
=1
BOh/B1h CTRL1 15 FhER or B2 B 1R
14 FTRER | EHEE AR I B2 R R
13 R/W SR W (TEfE5)
Ob — J5H
- EH
12 FRR IR
1 FRER R E
10 FRER [ RIIFALE T RS R VEAE A A B R R
9 FTRER R IBIAR 5y KA A i 4 UL R
8 FRER [ RIEIE T XK L 2 53 AR A R
7 FRER R BR G SR A T 2 A
6 FRER R E v g A R AR A
5 FRER  RIEE TR L
4 FTRER R E v g A R AR A
3 Wi | KRR U
% 23
g
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2 FHER Km0 4 A (OEM)D

1 FBER K E A SHAZLZ B (1 2)

0 FHER BEF)

F 50, MAFIE. 25
FRIER R boRs b iR
=]iE
B2h/B3h ASIL_FLAGS [15%]13 |& R eyt TR

000b — KMA310 8¢ KMA310/A
001b — KMA320 5 KMA320/A
010b — KMA321 5% KMA321/A
011b — £ &
100b — {754
101b — {5
110b — KMZ80
111b — {54

12 R/W AR

11 R BIST st #r (SM-07)

10 7R R MVEERA (SM-12)

9 7R R CORDIC Ju & (SM-11)

8 7R SD-ADC Ju[Hf#& (SM-09)

7 7R BIST #wiidfi#s (SM-08)

6 FHR B AEE (SM-10)

5 FHR BEHIESHRE (SM-06)

4 FHER RAE AR (SM-05)

3 7R R it (SM-04)

2 TR BRI A (SM-03)

1 7R Bt A E (SM-02)

0 7R Wisn i d (SM-01)

B4h/B5h &4 15380 | FH7R 584G S MHE 16.3.37
K% 23
A7 B
1] FE N BRNE AL, AR E T .
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16.5.3
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Dual channel programmable angle sensor IC

G RENFFFS
B B LA € I ARG K A B35 A7 4 o

WIIRAE A4 FCVERT TR XA T B BT 1), (B R Fovend 20 P AT BT I o b OR B X 3
5NV 4 R0 o TX A A A A F AR 2 RN AT BT SEEL, I AN R A7 3%
i B AREE ) time t g i BHR S A5 52105 -

HH T8 X RS (R HEA TR 2, 15 B PR A0 g A2 A P 3G o 3E 5 SR b P A7 k47 oAt s
o 7E t AR ZALERAE 5 R ME N AF e o

VR EOFSEARR AR, 1 B T T AR AR L
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Table 51. Customer area 1

Dual channel programmable angle sensor IC

FEIE H% EAR iR BRINIE TN
Bl MSB/LSB
00h/01h x M 1580 | HUWEEME; WK 55 00h/00h
02h/03h CLAMP_LOW 15 3 13 | R T & Xl 01h/00h
12 8]0 | PARICEAKE; WK 56
04 /NIF/05 /N | P T 15 F] 13 | £ T & Ly 13 /NEF/00
i NG
12380 | b#RE)Z; WL 57
06 /NIFOT7 /N | ISR 3L 1530 |l RELSB; W.iE 58 10 /)NF/00
i) AN
08 /N#F/09 /N | CLAMP_SWITCH 15 3 13 | K& T XM 1Fh/FEh
it
12001 | RBEFFRAE; WL 59
0 ol 2% MSB; W% 59
0Ah/0Bh S A 15 2] 0 |Vu R AE; WK 60 FFh/FFh
0Ch/0Dh CLAMP_RANGE 15 3 13 | & F & XM 12 /INKF/00
NS
12380 |JeEKVuH; Wi 61
OEh/OFh SYS & 158 | RTFE X 00h/00h
14
13 PBFERE
12 A
Ob — &4l (ERIAD
1b - Ki%
11 PeEaan]d
10 H R AS A S R B
9% 6 | ARTmENHM
5 B
413 |MPC%A!
00b — MPC17 (ERIAD
01b — MPC7
10b — ¥%H MPC
11b — KE X
2811 SR

00b — JE3) LOW (ERiA)
01b — J& k=
1Xb — {48
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Table 51. Customer area 1
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0 B, ik Rk
0b — LA (BRI
1b — BAVK

EizEC e
Bl

T

2 K 5%

MSB/LSB

10 /NI N | ik BEE 1
ix)

15 3 12 |fLIKE83E; LK 62

00 /NEF/99

11 CRC %74
Ob — #EFE (BRI
1b — i~

NS

10 Rkt a R S BGR T B U 2 16 S 1
$851

9 HEZRA FEBYTAT PSR 2R RE Wi O 297 AN B %1 2

8 ESP[3)

735 | WEBER; ESE 63

4F3 | RIEBITHRK

00b — Kfg &

01b — 2008 4 2 H% 2 )
10b - 2010 4E 1 H% 3

11b — APR2016 rev 4 (B

2 fEIEEY ID
Ob — %3 ID1 (BRI
1b — &% 1D2

1H0 | WP A

00b —2.7 us

01b -3 ps (ERiAD
10b—4.5 ps

11b -6 us

EizEZ0e
Bl

EREE

=4 - 3o

NN
MSB/LSB

12 /NEF/13
NS

RIE_BLHE 2

15 F0 | Fs U A
14 00b — i (BRI
01b-5.25V
10b - 5.50 {k
11b - 5.75 1k

OFh/89h
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Table 51. Customer area 1

Dual channel programmable angle sensor IC

13RI AR P R

12 00b — KM (BRI
01b—4.75V
10b —4.50 V
11b-4.25V

1137 EERME; k64

6 IR e R4

5 AR CRC2 #8454

4 Rt 1 AL 25 s 1 14)

3F2 | HERDIRFSIRAL O FAL 1

00b — RZAW &7 0 Az 1 5 H

01b — 4R nibble bit 1 j& FIfz 0 28]

10b — IRZ& JeAi/RAr 1 2562 0 )3 (BRI
11b — IRZEMEAL 0 FIAL 1 22 H

1F0 | R A

00b — ¥} F Tey= 2.7 us

01b — X F Tow= 3 ps (BRI
10b — XFF Tew= 4.5 s

11b — 5tF Tew= 6 ps

14 /N5 | ASIL_i%E 15 BIST! 80 /]t
i 14 mEAmEERE (SMA2) @ FAn

13 F 2 CORDIC fEHlf & (SM-11) ¥

12 it SD-ADC ik ds (SM-09) Kl

1 1% BIST Zifibf & (SM-08) @

10 FI5 BIST 5epifa & (SM-07) @

9 FEREGR N 22 (SM-10) @

8 R EHE SR AE (SM-06) “

7 WE MR A (SM-05) B

6 BRI AT (SM-04) B

5 HAEXI A (SM-03) B

4 AT EET (SM-02) B

3 Wn A (SM-01) Bl

2% 0 |frRE:; FJv010b
16 /MIH/17  |CRC1 15 %8 | K e XL 00 /IE/B3
NiD) ANIR)

70 |E/SXE 1 CRC; WE 16.4 77
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] REX: BINSNE, SR EYEAT{E .
[2] fRHE: BIANSAE.

[3] Arsrfic: Ob— 48/ (EKil)s 1b— .
[4]  frsrfic: Ob—Ja Ml (BRiLD; 1b— 25,
[5] f4fic: Ob—25FT; 1b— 3 (BRIAD.

Dual channel programmable angle sensor IC

#5652, KX 2

FEIE HIr Heis iR BRINIE TN

BIE MSBI/LSB

20 /Mif/21 /v [MPC_COEFFICIENT1 |15%]0 |MPC %t 1 sk2k 1% X1 08 /MIF/00

i} N

22 /Nif/23 /N [MPC_COEFFICIENT2 |15%]0 |MPC &% 2 siZk it X2 10 /MEF/00

i} N

24 /Nif/25 /v [MPC_COEFFICIENT3 [15%]0 |MPC &% 3 siZk it X3 18 /]NEF/00

fif N

26 /NiF/27 /N [MPC_COEFFICIENT4 [15%]0 |MPC &% 4 si2k 1t X4 20 /MEF/00

fif N

28 /IEF/29 /N |MPC_%41 5 1530 MPC %% 5 5kt X5 28 /NIFH/00

Ny /NS

2Ah/2Bh MPC_COEFFICIENT6 |15%|0 |MPC &% 6 3£k Y1 30 /00
NI

2Ch/2Dh MPC_COEFFICIENT7 15%]0 |[MPC %% 7 sk Y2 38 /)ist/00
NI

2Eh/2Fh MPC_COEFFICIENT8 15%]0 |MPC %%k 8 sk Y3 40 /NIF/00
NS

30 /MiE/31 7 [MPC_COEFFICIENTY9 (15 %] 0 |MPC &% 9 a2kt Y4 48 /NIF/00

) /BT

32 /N33 7/ [MPC_COEFFICIENT10 |15 %] 0 |MPC &% 10 sk 214 Y5 50 /)isE/00

i) /BT

34 /i35 7 [MPC_COEFFICIENT11 (15 %] 0 |MPC &%7 11 sk S1 58 /)00

i JINISF

36 /K37 7/ IMPC_COEFFICIENT12 (15 %] 0 |MPC %3 12 mi4i o S2 60 /)NE/00

i JINIRY

38 /NE/39 7 IMPC_COEFFICIENT13 |15 %] 0 |MPC %% 13 mi4i ¥ S3 68 /)NEH/00

i JINISF

3Ah/3Bh MPC_COEFFICIENT14 |15 0 |MPC &% 14 sk 2k S4 70 /OO
JINIRY

3Ch/3Dh MPC_COEFFICIENT15 |15 %] 0 |MPC %%k 15 giZk{t S5 78 /NIF/I00
NS

3Eh/3Fh MPC_COEFFICIENT16 |15 3| 0 |MPC %%k 16 =ikt S6 80 /NIF/00
NS

40 /NI /41 /)N |CRC2 15 LOCK1; Z/ X% 1 F1 /o Xk 2 [N ar it S 53 00h/8Ch

I 1b -3

1438 | R FEXHIM
70 |HPX 21 CRC; Wi 16.4 75
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(1] RS BN AT, SRR (.
*53. ZFX3
TR TR EE S E 3 BRIETR
5k MSB/LSB
50 /)M/51 7 | OOR_AIK 15 #1112 | R T & L 00h/00h
" 1150 |BUKH OOR BMH
52 /it /53 /) | OOR_HIGH 15 F 12 | K& T S OFh/FFh
" 1120 |5 OOR BfH
54 /N/55 /I | OEM_CODE1 15 %] 12 OEM 5% 7 fiz 11 %) 8 00h/00h
i 1150 OEM ftf5 1
K53, BFX 345
FRHEAL TR EX S E 3 BRIAETR
=i MSB/LSB
56 /INK/57 /) | OEM_CODE2 15 %] 12 | OEM 155 7 17 7 1] 4 00h/00h
wf 11510 |OEM fti 2
58 /59 /N | OEM_{RA5 3 15 %] 12 OEM 155 7 47 3 3] 0 00h/00h
wf 11510 OEM fti) 3
5Ah/5Bh OEM_CODE4 15 %] 12 OEM {55 8 fir 11 % 8 00h/00h
1130 |OEM 1tf5 4
5Ch/5Dh OEM_1X#4 5 15 %] 12  OEM X4 8 1 7 % 4 00h/00h
1150 |OEM 15 5
5Eh/5Fh OEM_CODE6 15 %] 12 OEM 155 8 12 3 3/ 0 00h/00h
1150 OEM 7% 6
60 /MH/61 /v |CRC3 15 LOCK2; % /' [X I8k ff A ] 386 55 {4 3 2]
B 1b— il
14 3] 8 | K FE X
70 | HPXE3MCRC; WA 16.4 7
M REX WNEAE, EIEHERE .
[2] AN ERAM.
% 54. WLEWHEFFE
FRIEAL AR kbR (@2 #ik
Bhg
AOh/A1h PRIRFRF 1 1580 FRR |7 T NVM Hil& s X 5x16 A — B & bn R4S, HT
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Table 64. TEMPERATURE_THRESHOLD

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Value [l (2 M8 02 ot [0 B M| Bl (6] (7]

[1]1  Upper voltage threshold.

[2] Lower voltage threshold.

[3] Temperature warning.

[4]  Single-bit error and CRC2 warning.

[5]  Supply monitor warning.

[6] Mask STATUS nibble bit 0 and bit 1.

[7]1 Slope time.

temperature threshold + 45 °C

TEMPERATURE_THRESHOLD = L 8 °C (17)
Examples:

* Temperature threshold —45 °C = Oh
e Temperature threshold 75 °C = Fh
e Temperature threshold 203 °C = 1Fh (default)

17 Electromagnetic compatibility

EMC is verified in an independent and certified test laboratory.

17.1 Emission (CISPR 25)
Tests according to CISPR 25 were fulfilled.

17.1.1 Conducted radio disturbance

Test of the device according to CISPR 25, third edition (2008-03), Chapter 6.2.

Classification level: 5.

17.1.2 Radiated radio disturbance

Test of the device according to CISPR 25, third edition (2008-03), Chapter 6.4.

Classification level: 5 (without addition of 6 dB in FM band).

17.2 Radiated disturbances (ISO 11452-1 fourth edition [2015-06],

ISO 11452-2, ISO 11452-4 and ISO 11452-5)

The common understanding of the requested function is that an effect is tolerated as
described in Table 65 during the disturbance. The reachable values are setup-dependent

and differ from the final application.

KMA320_A All information provided in this document is subject to legal disclaimers.
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17.2.1

17.2.2

17.2.3

17.2.4

17.3

KMA320_A

Dual channel programmable angle sensor IC

Table 65. Failure condition for radiated disturbances and electrical transient
transmission

Parameter Comment Min |Max Unit

Variation of output signal in analog |value measured relative to the - 0.9 %Vpp |V

output mode output at test start

Variation of angular value in digital |value measured relative to the - +1.8 deg

output mode output at test start

SENT sequence allowed sequentially failing frames |- 2 frame

SENT transmission allowed failing frames within - 3 frame
100 following frames

Absorber lined shielded enclosure

Tests according to ISO 11452-2, second edition (2004-11), were fulfilled.
Test level: 200 V/m; extended up to 4 GHz.
State: A.

Bulk-current injection

Tests according to 1ISO 11452-4, fourth edition (2011-12), were fulfilled.
Test level: 200 mA.
State: A.

Strip line

Tests according to 1ISO 11452-5, second edition (2002-04), were fulfilled.
Test level: 200 V/m; extended up to 1 GHz.
State: A.

Immunity against mobile phones

Tests according to ISO 11452-2, second edition (2004-11), were fulfilled.
State: A.
Definition of global system for mobile (GSM) communications signal:

* Pulse modulation: per GSM specification (217 Hz; 12.5 % duty cycle)
* Modulation grade: 260 dB

¢ Sweep: linear 800 MHz to 3 GHz

» Antenna polarization: vertical, horizontal

Field strength: 200 V/m during on-time [calibration in continuous wave (CW)]

In deviation of ISO 11452-2, a GSM signal instead of an AM signal was used.

Electrical transient transmission (ISO 7637-3 second edition

[2007-07])

The common understanding of the requested function is that an effect is tolerated as
described in Table 65 during the disturbance.
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Capacitive coupling
Tests according to ISO 7637-3 were fulfilled.

Test level: IV (for 12 V electrical system).

Classification level: B for pulse fast a, B for pulse fast b.

Inductive coupling

Tests according to ISO 7637-3 were fulfilled.
Test level: IV (for 12 V electrical system).

Classification level for analog mode: A for positive and negative pulses assuming
returning to output voltage level before stress of £0.9 %Vpp within 1 ms otherwise B.

Classification level for digital mode: A for positive and negative pulses assuming a start
of a new SENT frame within 1 ms is allowed otherwise B.

18 Electrostatic discharge

18.1

18.2

18.3

18.4

KMA320_A

Human body model (AEC-Q100-002)

The KMA320/A is protected up to 8 kV, according to the human body model at 100 pF
and 1.5 kQ. This protection is ensured at all pins.

Classification level: H3B.

Human metal model (ANSI/ESD SP5.6-2009)

The KMA320/A is protected up to 8 kV, according to the human metal model at 150 pF
and 330 Q inside the ESD gun. This test utilizes waveforms of the IEC 61000-4-2
standard on component level. Apply the contact discharge in an unsupplied state at pins
OUTn/DATAN and Vpp referred to GND which is connected directly to the ground plane.

Test setup: A.

Test level: 5.

Machine model (AEC-Q100-003 legacy)

The KMA320/A is protected up to 400 V, according to the machine model. This protection
is ensured at all pins.

Classification level: M4.
All pins of KMA320/A have latch-up protection.

Charged-device model (AEC-Q100-011)

The KMA320/A is protected up to 750 V, according to the charged-device model. This
protection is ensured at all pins.

Classification level: C4.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2022. All rights reserved.
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19 Application information

19.1 Analog output

Vbp

LI] Re(ext)(!)
FILTER
3 | OUT1/DATA1 l o= 0.7 kHz

first order
== Cl(ext)?

u RL(ext)(!)
FILTER
fg=07kHz |
J_ first order

.|. CL(ext)®)
. GND

KMA320/A electronic control unit

OUT2/DATA2

N

GND

[ Lo
| T
[ Lol
[ Lol
[ Lo
[ —
[ Lol
[ Lo
[ KMA320/A Lo
[ Lol
[ Lo
[ Lol
| T
[ Lo
[ Lol
[ Lol
| T

aaa-035405
1. Power-loss detection is only possible with a load resistance within the specified range
connected to supply or ground line.

2. The load capacitance between ground and output can be used to improve the
electromagnetic immunity of the device. A blocking capacitance to suppress noise on the
supply line of the device is integrated into the package and thus not required externally.

Figure 27. Application information for analog output of KMA320/A

19.2 Digital output

sensor wiring receiver
V
322 -- supply
RPULL-UP1 [l] RPULL-UP2
OUT1/DATA1 RTau11 Rf1
1
ela
KMA320/A Cinputt == =Cran  ==cn IRy
OUT2/DATA2 RTau21 Rz T
4 . 1 ’ — uc
l i ':-I
= Cinput2 CTau21 Cz 1 ! lRw2
e
oo I |
v v
aaa-035406

KMA320/A with receiver load according to figure 6.3.2-2 (recommended SENT system interface
circuit topology J2716) of SAE J2716 APR2016 SENT without additional external components
near KMA320/A

Figure 28. Application information for digital output of KMA320/A
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20 Test information

Quality information

This product has been qualified in accordance with the Automotive Electronics Council (AEC)
standard Q100 Rev-H - Failure mechanism based stress test qualification for integrated circuits,
and is suitable for use in automotive applications.

21 Marking

5.2

3200 O
NNNN "
nYyww Bifi||1.62x1.62

/O BVS @ f

pin 1 index |

OO

aaa-035407

A: shortened product name; O to indicate third product generation
B: batch number
C: manufacturing and date code

n: manufacturing code; (n: Bangkok)

YY: year

WW: working week
D: additional marking

B: burn-in information (0: without burn-in; 1: with burn-in)

V: IC version

S: development status (X: development; C: validated; blank: released)
E: data matrix code; 12 dots x 12 dots according to ISO/IEC DIS 16022/ECC 200; dot size
135 um x 135 um
Figure 29. Marking
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22 Package information

22.1 Reading point position
= center of reading point
@ + center of individual reading point
c ${0.1|A >~ 0.4
€] 0.2 (B
i@ ESTRIE -
2.6
i R
¢ | A1
o |
aaa-035408
Dimensions in mm
Figure 30. Reading point position

22.2 Terminals
Lead frame material: CuZr with 99.9 % Cu and 0.1 % Zr.

Lead frame plating: 100 % Sn.

© NXP B.V. 2022. All rights reserved.
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23 Package outline

E1 B
E
A
E2 c
HEe2 Q
HE1
a ~—p1
P P
(D5) (B)
' - D3 |A | D4
—r G ! @) ‘
D2 I
(D6)
D D1
O T
() — ﬂ r T :
y t(4x) 1
t1 i burr sidg
(4x) t2(3x) (L) —
1 4
~Ih- {80 c
3x;
(3x) @)
Dimensions
i 3) (1) (4, ref) ) (ref) (5) (ref)
Unit A b B c D D1 D2 D:3 D4 D5 Dy E E1 E2 e He Hegq Hgo L p P4 Q
max 205 0.85 0.30 11.15 10.62 1.70 2.05 7.50 8.05 7.90 20.70 5.85 6.20 1.05 4.05 0.95
mm nom 195 0.80 060 0.27 11.00 1047 1.42 1.60 1.95 027 1293 740 8.00 7.80 1.80 20.50 5.80 7.90 1.00 4.00 0.90
min 185 0.75 050 0.24 10.85 10.32 1.50 1.85 7.30 795 7.70 2030 5.75 095 3.95 0.85
Note
f f el
1. Mold gate width of 1.5 mm max and in-protrusion of 0.2 mm max q t(re ) t({e ) t(Zr g w z
on parting line with center on dim D2 left or right.
2. Terminal and plastic uncontrolled in this area. 0.95
Dimension B is maintained (thin flash/resin bleed not included). ggg 0.60 1.10 0.70 0.20 0.80
3. Burr not included. -
4. Measured at the cutting edge of the fin radius.
5. Up to 1.5 mm long rim break outs reducing dimension E1 are possible. aaa-037231
Figure 31. Package outline SOT1188-3 (SIL4)
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24 Handling information

25 Soldering

v

(1)
= !

(2)
,?0'95,,)‘
h oy 1y
I 0.7(M
é f

aaa-029999
Dimensions in mm

1. No bending allowed.
2. Plastic body and interface plastic body - leads: application of bending forces not allowed.
Figure 32. Bending recommendation

KMA320_A

The solderability qualification is according to AEC-Q100 Rev-H. Recommended soldering
process for leaded devices is wave soldering. The maximum soldering temperature

is 260 °C for maximum 5 s. Device terminals are compatible with laser and electrical
welding. The package is reflow capable.
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Table 66. Abbreviations

Acronym

Description

ADC

analog-to-digital converter

AEC

automotive electronics council

ALU

arithmetic logic unit

AMR

anisotropic MR

ANS|

american national standards institute

ASIC

application-specific integrated circuit

ASIL

automotive safety integrity level

BIST

built-in self-test

CORDIC

coordinate rotation digital computer

CRC

cyclic redundancy check

Cw

continuous wave

DAC

digital-to-analog converter

ECC

error correcting code

EDC

error detection code

EMC

electromagnetic compatibility

ESD

electrostatic discharge

ESP

enhanced serial protocol

GSM

global system for mobile

identification

LSB

least significant bit

LSN

least significant nibble

MPC

multipoint calibration

MR

magnetoresistive

MSB

most significant bit

MSN

most significant nibble

NVM

non-volatile memory

OEM

original equipment manufacturer

OOR

out of range

owl

one-wire interface

PCB

printed-circuit board

POR

power-on reset

SENT

single edge nibble transmission

KMA320_A
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27 Revision history

Table 67. Revision history

Document ID Release date Data sheet status Change notice Supersedes
KMA320_A v.6 20220518 Product data sheet CIN 2022050121 KMA320_A v.5
Modifications: » Figure 31: updated
KMA320_Av.5 20201111 ‘ Product data sheet - ‘ KMA320_Av.4
Modifications: » Table 51 note 4: added
KMA320_Av.4 20201029 ‘ Product data sheet - ‘ KMA320_Av.3
Modifications: ¢ Table 53: updated

» Figure 31: updated
KMA320_A v.3 20200630 \ Product data sheet - \ KMA320_A v.2
Modifications: » Figure 31: updated
KMA320_A v.2 20200507 ‘ Product data sheet - ‘ KMA320_A v.1
Modifications: » Figure 31: updated

* Example for equation 15 for angular range 180° updated
KMA320_A v.1 20191106 ‘ Product data sheet - -
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28 Legal information

Dual channel programmable angle sensor IC

28.1 Data sheet status

Document status! "2 Product status Definition

Objective [short] data sheet Development This document contains data from the objective specification for product
development.

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification.

Product [short] data sheet Production This document contains the product specification.

[1]1  Please consult the most recently issued document before initiating or completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple
devices. The latest product status information is available on the Internet at URL http://www.nxp.com.

28.2 Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the
relevant full data sheet, which is available on request via the local NXP
Semiconductors sales office. In case of any inconsistency or conflict with the
short data sheet, the full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product

is deemed to offer functions and qualities beyond those described in the
Product data sheet.

28.3 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

KMA320_A

All information provided in this document is subject to legal disclaimers.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those

given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or

the grant, conveyance or implication of any license under any copyrights,
patents or other industrial or intellectual property rights.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Export control — This document as well as the item(s) described herein

may be subject to export control regulations. Export might require a prior
authorization from competent authorities.
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