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LIN Transceiver according to LIN 2.x and SAE J2602
o Slew rate control for best EME behaviour
o High EMI immunity

10 Configuration

18 fully configurable high current/high voltage inputs/outputs (7mA/26.5V)
Ground shift tolerant 1/Os

All IOs configurable pull up or pull down characteristics

Eight PWM outputs (8-bit, 80Hz to 30kHz)

Ten 10-bit ADC channels

Eight Interrupt capable Inputs

Configurable Wake up sources (LIN, I10s, ADC)

Constant current output (2mA) for external low voltage loads via bipolar transistor
10s fully diagnosable

Integrated window watchdog and additional independent analogue watchdog

O O O 0O O O O O O O

Voltage Regulator
o Low standby current consumption of typ 25pA in sleep mode
o Over-temperature shutdown, 45V load dump protected

Other Features
o Automotive Temperature Range of —40°C to 125°C
o Small MLF 5x5 28pin package
o Ready-to-use firmware available (UniROM)

Order Code Temp. Range Package Delivery Remark

MLX80104 KLQ-DAG-000-RE -40-125°C QFN 5x5 Reel ROM, See 22 Marking
MLX80104 KLW-DAG-000-RE -40-125°C QFN 5x5 WF Reel ROM, See 22 Marking
MLX80105 KLQ-EAA-000-RE -40-125°C QFN 5x5 Reel OTP, See 22 Marking
MLX80105 KLW-EAA-000-RE -40-125°C QFN 5x5 WF Reel OTP, See 22 Marking

This IC is a fully integrated LIN Slave for matrix switch or single switch Applications in automotive environment. It is
suitable for bus systems according to LIN 2.x as well as SAE J2602.

The combination of physical layer LIN transceiver and LIN protocol controller along with easy to configure switch
inputs and PWM outputs make it possible to develop in a short timeframe simple, but powerful and cheap switch
slave nodes for LIN Bus systems.



MLX80104/5

Melexi

SPIRED ENCINEER G LIN Slave Controller for Switches
Datasheet
1. GENEIAl OVEIVIEW..cceveerereeenenennnmeenmeemmemssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 7
1.1 L] oTol QDo [ [ o s TSRSt 7
2. Electrical CharacteriStiCs......uiiiiiiiinneriiiiiiiiiisnneniiiiiisssnseesisisssssssssessssssssssssssessssssssssssssessssssssssssnsesssssssssssnssssssssss 8
2.1 ADSOIULE MOXIMUIM ROTINGS........eeeeiiieiiieiie ettt ettt et sat e ettt e ettt et e bt e sateebneenaeeeses 8
2.2 Operating Conditions
2.3 Static Characteristics
2.4 DYNAMIC CRAIACLEIISTICS .....eoueeeniieiieeet ettt ettt ettt ettt et ettt e s ateenas e e s ste et e e saneenanees 12
3. MULAN — MULtiple CPU with Analog and Network SUPPOIt ..........ceeeeeeeeeeeeeemeneeeeeeeeeemssmmssmsssssssssssssssssssssssssssssss 13
3.1 General
3.2 IMULAN BIOCK DiGGIOIM ...ttt ettt et sate e st e st e st e et e s e eseesbeesaneas 13
3.3 (0 W T o USRI 14
34 IMILXT B8ttt ettt ettt ettt e e e ettt e ettt e st e e e e bt e e ettt e ettt e e e et e e e e abt e e e staeentbeaeaans 14
4. AAArESS SPACE ..ceuvuiiiiiiieeeiiiiiiiiiierenieetiiaeennssssestsseennssssssssssesnnssssssssssssnnssssssssssssnnnsssssssssssnnnsssssssssssnnnnssssssssssnnnnns 15
4.1 MEMOIY MOPPING ...ttt et ettt e s e e e st e s ettt e st e s sttt eessatneesssneessanneeeeaas 15
4.2 LY 1Y Y o T 1 o USRS 16
4.3 LY O Y 1o T 2T S 16
4.4
4.4.1.
4.4.2.
4.4.3.
4.4.4. 2T L S RRSRRRPSN 18
4.4.5, VVTTEE/ETASE e veeuvietrerteeteeteeteeeteete e seete e seeteebeessesseeseeabeessesseessesseeasesseeseenseessesbeeasenseess e beeasenbeeasesbeessenseensesbeessenseensenes 19
4.5 OTP (MLXBOI05 ONIY) .ottt ettt ettt sttt s e st e st e s ta e s ate e s ataesataesataasasessataasasasssaesasasssaesasens 21
5. L0 2= - =T 22
5.1 GONCIAI ...ttt ettt ettt e e e ettt e e ettt e et e e e ab e e e et be e e e aabte e e abtaeentbeaeea 22
5.2 R VAT (=0 I ol o1 d=Tol 1= [« To T -SSR 22
53 RY (o 4L [0 [ o Yo o XIS UPRRN 24
6. 08 o U 25
6.1 Common Features Of Pin SWX QNG JOX ....ccc..vueeeeeeiieeeieeeecee et eetee s ttta e e sttt e e seaeaesataaasssteaesssseassaseaaanas 25
6.1.1. PN STIUCETUI ettt e e e s ettt e e e e s e e e et e e e s e aa b e e ee e e e e e e nnneeeeee e e nnneneeeesesansnneeeeeseaannnnneees 26
6.1.2. Configuration Register Central CUITENT SOUIMCE......uivuiirieeceeesteeieeeieesteeste et eeaeeseeesteessaeesseesneeesseesnseenseesnseesnseens 27
6.1.3. Configuration Register SWx
6.1.4. Configuration Register 10x.....
6.1.5. Switch current generation ............
6.1.6. The sWitCh detection threShOIAS..........ccvviiiieeee e e et e s e e ae e s e e sseesnteesneeeneennes 31
6.1.7. L3l e 1= Y= T 1 £ S 33
6.1.8. Switch Configuration iN SIEEP MOTE .......ueiiiiiiieciiie e e s e e s b e e sbbe e e s tbeeesabaeesnteeesanes 36
6.2 Additional OPeration MOAES SWX POILS ......cccoecuueeeeeieeeeeeeceeet e e eetttttea e e e eeet e e e e e e s ssssssaaaaeeessstssseesaaaeeesans 37
6.3 Additional OpPeration MOAES [OX POITS ..........ceeeueieeeeieeeeceeeeseee e esiteeessttteesetta e e s asaeasesssesasssssessesseasssssenansnes 40
6.4 TR TREF DN ettt ettt st e e st e st e st e st e st e e bt e s bt e e st e s abeesabeesabeesseesbaesneeea 42
MLX80104/5 — Datasheet Page 2 of 100 June 2016

390108010400 Rev 017



Melexis

INSPIRED NGIN

2 © [ Yol 3 V2] =3 T

7.1 RC-OSCillQtor ......ceeeseieveeeiiiesiieeesiee et
7.2 Crystal OSCIllQtOr..........ccccoveeeeeieeeeciieeeceeeeeciee e,

8.  Watchdog System.....cccevviiiiiiiiiiiiiiiiiininiirnrrreeeeeee e

8.1 Analogue Watchdog ..........ccccceevueeeveencieenieenieeeeane
8.1.1. Using the analogue WDOG .........ccccovuieeiiiieeniiieeennees
8.1.2. Timing definition ...,

8.2 Digital Window Watchdog.............cccceevveeveencivveneannne.
8.3 Watchdog REGiSter .........cuueeeceeeeeeeiieeeecieeeeiieaessvennn

9.  Analogue to digital converter .........cccceeeriiiiiiiinnreciiiiiinnnes

9.1 General DesCription ..........c..cccvueeeeviveeeesieeeeciiveeessivennn,
9.2 INDUL AIVIDET ..ot
9.3 Accuracy of the reference..............ccceeevvuveecivuveeecivenaans
9.4 ADC REGISTEN ..ot

B0 O 151 =T o o VT N

10.1 INterrupt VECEOrS ........euvvvvvveiiiiiiiiieiiiiiieccee e
10.2 PriOrity POIt...ccceeeeeeeieieeiiiiiiiiieieieieieeeeeeeeeeeeeseeeveveveseseaens
10.3 Interrupt mask and pending ports...........ccccccveenueen...

10.4 High level system interrupts ..........ccccecceveveeecuveenueennne.
10.4.1. Reset interrupt and watchdogs........ccceeveeveeriennnnene
10.4.2. SEACK @FTON i
10.4.3. EXCEPLION @IFOr ..eiiiiiieiieeeteeeee e
10.4.4. Protection @rror ........cccevverciiniienieneccceeeee e
10.4.5. Invalid address ........coceevveviiiiiniiiciiiin
10.4.6. Program error ......cccccvvvuiiiiiiiiinininiceiinieecces

10.5 Debugger interrupt ...........ceeeeeevvvveeieeeeeeciiiieeeseeeeiinns
10.6 Pin change INterrupt .........cooeeeeeveeeieeeeeeciiieeeeseeessinns
10.7 External Watchdog interrupt............ccecevveeevveeencnnnnn.
10.8 SOftWare iNterruPt ..........cccccveeeeeceeeeciieeeecveeeeeiieee e

T T U T N

11.1 GONEIAI ...t
11.2 BIOCK DiQ@ram........cc..eveeeceeeeseiieeeeiieeeciieeeeiee e
11.3 PWM frequency calculation................ccoeuveeevvveeeunnnn.
11.4 PWM Control REGiSter ........cccveeeeeceeeeeiiireesiieaessivennnn
11.5 Available PWM Frequencies ............cccceveeeceveescvennnnns

13, LIN INterface...cccccerreeeirreenerieenerreeniereennereenssereensseseensseseens

13.1 The CONCEPL .....coooeeeeeeeeee e eeece e sseeeesana e
13.2 LIN PhySiCQl LAYEL .....eeeeevveeeeeeeecieeeaaeeeeeccvieeeaeeeesins

14. Sleep Mode and Wake up System ........cceeeeeeeeeeeeeeeeeeneeennnns

MLX80104/5 — Datasheet Page 3 of 100
390108010400

MLX80104/5

LIN Slave Controller for Switches
Datasheet

June 2016
Rev 017



Melexis MLX80104/5

D BN MEERINC LIN Slave Controller for Switches
Datasheet

14.1 ENtering SIEEP MO DY APL ..ottt e e ettt e e ettt e ettt e e ettt e e e ssaeaessssasassesasassseaeasssasasssesannns 65
14.2 WGKE UD SYSEEIM ..ottt ettt e ettt e e ettt e e et e e ettt e e e aatet e e asaaasaasseaaeaassaaaaasasaaasseseesssssseassseanans 65
14.2.1. LIN BUS ettt s 65
14.2.2. (e Tor= | R (S U] « ST URPPPPN 65
14.2.3. INEEINAI WAKE-UP .ttt ettt e s et e e st e e s b bt e s s abaeeesabeee s bbeeesabbeeesbaaesnbeeesnbaesansaeennns 65

15.  Thermal SHULAOWN .....ccuuuieeieeeenieeieeinneieeeeneessesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 66
ST V2 =Y o « =1 3 T 1V T T T PN 67
16.1 Y= 11 o [ 11 PRSP 67
16.2 INGEIQIISING TN SYSTOMY ...ttt et e e ettt e e e ettt e e et e e e ettt s e e ettt e easseaa e ssssasassesenssssassssseeaaans 67
17. RO PatCReS..ccuueeeeeeeeeneeeeneemneemmmmessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 69
17.1 PriNCIPIE Of OP@IALION ...ttt ettt e st e st e st e st e s neesseeeaneas 69
17.2 o ol Y (o [ e 1o Lo [ =X SR PUUURN 70
17.3 PALCH JUMP INSEIUCLION ......eeeeevieeeeee et ettt e e e e ettt e e e ettt e e et e e e et tsesaeaatsaeeeasssaaessasaaassesessssnasessssnaanns 70

i E JR 1YY o] [ or=1 4 Uo Ty TN o 1141 €30 PN 72
18.1 APPLICALION EXAMPIES ..ottt ettt ettt et ettt et e et e e st e e bt e enaeaeabneensneens 72
18.1.1. SWILCN IMATEIX HINES 1..veeiiiitiecteesee sttt et sttt et e s et e st e e s ateebee s et e enbeesabeesseeenbeesabeenbeesnteesaeesnseenseeenseas 73

19. Software DeVElOPMENT ........ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerereaasassnnnnssssssssssssssssssssssssssssnsssssnnsssnssnnnnnnnnnnnnnnnnnnn 75
19.1 UNIROM (80104 ONIY) .ottt ete et tte et te et tta et e ettt e et e et aaasea e tsaeasea e taaaassseassaaasssesssaasssaeasssesssaans 75
20.  Programming INterface.......ccciiiiiiiiiiiiiiiiiiiiiississssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 77
20.1 Characteristics fOr tNE INTEIFACE PINS .............ueeeeeeeeeeecee et e et e et e e et tte e e ettt e e e taa e e e s taaeeestsesesssssaaessssaaans 78
20.2 Melexis MiNi E-MIX @MUIGLON .........ccueeeueieiieeiiese ettt ettt st s e st e st enate e sateesateesaseenasees 79
20.3 Melexis Mini E-MIx emulator and Melexis interface adapPter............ccoucueeeeeciiveeecieeeesiieeessiieessceeessisieaens 81
20.4 Melexis ProgrammEr PTC-04 .........uuoueeeeieeeieeeeeeeeteete e e eeetetttat e e e eeestsaseaaaeeessssasesaaeesssssssssaseessssssssesssesssnnses 83
20.4.1. PTCO4 DB 15 FEMAIE CONNECLON ...veeiiietieeiieeiie et estee et e s te et e sute et e seeeesaeeesseesseeenseessseenseesnteenseesnseenseeenseessseenseennen 84

20.5 TRIFA PAIEY PrOGIAIMMET ...ttt e e e e ettt e e e e e sttt e e e e eessssssaaaaaesssssssssssaaasesssssssnesasaensases 86
21. Operating UNder DISTUIDANCE .......cceeeeeeiiiiiieeee ettt sese s s e e ennssssse e s s s esnnnssssssssssennassssssssessnnnnssssssnnnes 87
21.1 o XN Lo [ =1 o PSRN 87
21.2 LOSS Of GIOUNG ...ttt ettt e ettt e e e e e ettt e e e et e e e et e e e e tseaaeaatsaseeasssaaasssaaaaatsesenssssaaeasssaaans 87
21.3 R (Lol el (ol V[ fe o Lo L1 (=1 oSS 87
21.4 RY (Lol g el (oY [ia de X [ 1Y o S 87
21.5 TREIMQI OVEIIOQU...........eeeeeniiieeeeeee ettt ettt ettt e e et e ettt e e sttt e e s atteeenasteeesuseeennanes 87
21.6 (Lo (=T gV o] [ o Lo 1=V SRR 87
22, MArKinG/Order COUR .....uuuerirrrrirrrreeeerereeesrsrseeeetereesssssssseeeesesssssssssesessesssssssssssessessssssnnsesessessssssnnsesessesssssnnnsasessens 88
22.1 MOATKING MLXBOL O .....oeeeeeeeeeeeeeee ettt e ettt e e e e ettt e e e e e et s s e e e e aeasastsssaaaaaesaasssssasaaaesassssssanasaesansaes 88
22.2 OFder COAE MLXBOTLOA......ccooeeeeeeeee ettt et e et e ettt e e st e e et ea e e satt e s s sstaasesbtaessasteaesssaasssaseaeanas 88
22.3 MAIKING MLX8BOIL0S ..ottt ettt et s et s it e st e st e s e e s ateesate e s bt e s abeesabaasaseesasaesaseesbaesaseas 89
22.4 OFder COAE MLXBOTL05......cccoueeeeeeeeeeeeee ettt e et e ettt e e st e e et es e e satte e s sastaasssbeaesnasbeaesssaessaaseaeanas 89
23, Pin DESCrPLION ccevvuueiiiiiiiiiiitniiiiiiiiieramsiiiiiitesssssssitiisesssssssssttrssssssssssssstssssssssssssssssssssssssssstssssssssssssssssssssssssssssses 20

b Z: S |V, [-Yol o F- T T Tob=1 I o Y=ol 1 ot 1 4 o] TSSOSO 92



MLX80104/5

LIN Slave Controller for Switches

Melexis

S Datasheet
25. Land Pattern RecommeNndations .......c.ccceeieveeiiiiieeiiinieieininneeiieeessieee e sssase s sssssr e ssssase e sessasessessssessssaneesenns 93
26.  ESD/EMUC REMAIKS....ccerreereereeeeirrrsneeeeeeeeessssssnssesesesssssssssseessesssssssssssessesssssssssssessessssssnnsesessessssssssnsesssesssssnnnnasessens 924
26.1 ESD/EMC Recommendations fOr the MLXSOIL04/5 .........cc.eceeeeveeeeeeeeereeieeireeeeseeseesssesssesasessesseeaseessesssesseens 94
26.2 Automotive QUALIfICAtION TESt PUISES ..........ccueeiueieieeii ettt ettt ettt ettt saeeens 94
26.3 EMC TESt PUISE AESINTLION ...ttt ettt e et e e et e ettt e e et a e e ateeaesasasasastseaeesasseseassaasassresannns 95
77 R (= - =T Vol 1N 96
28.  List Of ADDreviations.........cciiiiiiieieiiiiiiien e 96
29.  ReVISION HISEOTY .ccuueiiiiiiiiiieniiiiiiiiiiieiiiciiiieenensisessinsensssssssssisssnsssssssssssssnnssssssssssssnsssssssssssssnnnsssssssssssnnnnssssssssans 97

30. Standard information regarding manufacturability of Melexis products with different soldering processes....99

31, DISCIAIMEY uuerereeirireeiirereesereeeeseresesseresssseresssseresssssressssssessssssessssesessssssessssssensssssessssssansssssansssssansssssansssssansssssananns 100
FIGURE 1 - BLOCK DIAGRAM......cciiiiiiiiiiiieeieee ettt e e ee ettt e e e e e eeataaeteeeeeseasaaaeeeeeesseassaaaeeeeesseaataaseeessesantaaeseeeeesannranreeeeas 7
FIGURE 2 - BLOCK DIAGRAM OF MULAIN CPU ......ooiiiiiiiiiiiiee ettt eeetee et e s e ettt e e e e e esntaaseeeesesennaaneeeeas 13
FIGURE 3 - CPU INTERLEAVING .....ceoiiiuutttiieeeeiiiiiteeeeeeeeeeiateeeeesesesassesesessseasstesssesssessstasssessssssssssseeesssssssasssesesssmssrasseeees 14
FIGURE 4 - EEPROM READ ......cuiiiiiiiiiiiitiiee et eeeiteeee e e eeeetiaaeeeeeeeeeeaasaeeeeeeeessaasaseeeeeeeestataseseeseeesastssseaeseeeaatasseeeeeesanssreeeeees 18
FIGURE 5 - COMMON PIN STRUCTURE SWX AND IOX.......uuttiiiiiiiiiiiiriiiee e eeeiirieee e e eeeetae e e e e eeeeeataaaeeeeeeesatanseeeseeeennnnaeeeees 26
FIGURE 6 - VOLTAGE DEPENDENCY OF THE SWITCH CURRENT.........uuvttiiiiiiiiiiiririeeeeeeeiitreeeeeeeeesitseseeeseeessisnsseseseesesssnseeeeses 30
FIGURE 7 - VOLTAGE DROPS EXTERNAL LS SWITCH ........cuuutiiiiiiiiiiiiieeieeeeeeeiittieeeeeeeeeeaveeeeeeeeeesataaeeeeseeenestanseseseesensnnrneeeees 31
FIGURE 8 - VOLTAGE DROPS SWITCH MATRIX.......uvvviiieiiiiiiureeeeeeeeeiiireeeeeeeeeeiireseeeeseessistsssssssessmmsssssesesessmmssssesesessmssissseeess 31
FIGURE 9 - VOLTAGE DROPS EXTERNAL HS SWITCH ........uuvvviiiiiiiiiiiriiieeeeeeeiiteeeeeeeeeeetae e e e e eeeeeataaeeeeeeeesnatanseseeeeeenssnrneeeees 32
FIGURE 10 - WAKE UP DETECTION FOR SWITCH INPUTS ......ccoiiiiiiiieieieieeeeeeeeeeeee ettt 37
FIGURE 11 - STRUCTURE OF SWX PINS ..ottt 38
FIGURE 12 - STRUCTURE OF IOX PINS .....coiiiiiiiiiiii e 40
FIGURE 13 - SAMPLE CIRCUITRY FOR IREF PIN ... 42
FIGURE 14 - ANALOGUE WATCHDOG BEHAVIOUR ........cccciiiiiiiiiiiiiiieeeeeeeeeeeeeeeee ettt 44
FIGURE 15 - ADC COMPONENTS ......ccotttttttteeeeeieiiitreeeeeeeeeeiisaeeeseeeeesiisreseseeeeeasisreseeeeseessirassseeseemssstssseseseessssssseseeeesonssrseeees 48
FIGURE 16 - PWIM UNIT......oitttiiiieeeeeiiieeee e e e e eeetee e e e e e eeeaa e e e e e e eeeaaaaeeeeeeeeaaatasaeeeeeeassatassaeeeeeeaastssseeeseeeasstasseeeeeesansrarreeeees 56
FIGURE 17 - BLOCK DIAGRAM OF TIMER..........ccottuutttiieiiieiiteeieeeeeeeeireeeeeeeeeeiiatereeeeseeesttssseeeseeesstssseseseeesstssseseseesassrsreeeeees 60
FIGURE 18 - LIN OSI-REFERENCE MODEL.........c.uuuvitiiieiiiiiitreeeeeeeeesiireeeeeeeeeeiisreseeeeseessitsssesesessmssssssssssessmsssssesesessmnsrsssseees 61
FIGURE 19 - RECEIVER DEBOUNCING & PROPAGATION DELAY .......uuuviiiiieeieiiiureeeeeeeeeiiiiteeeeeeeeeenissrseseeeessssssssesesessmsssssesees 62
FIGURE 20 - RESET BEHAVIOUR .........cceciuvtttieeeieiiiureeeeeeeeeeiiteeeeseeeeesissessseeseesssresseeseeessstasesesseessssssseseseesssstssresesessmnssrseeees 67
FIGURE 21 - PATCH HARDWARE ......ccooiiiiiiiiiiiiceeee e 69
FIGURE 22 - PATCHCODE INEEPROM ..., 70
FIGURE 23 -PATCH CODE IN RAM ..., 70
FIGURE 24 - APPLICATION SCHEMATIC SAMPLE ..........cciitiiiiiiiiieeeeee ettt 73
FIGURE 25 - READING THE SWITCH MATRIX .....cooiiiiiiiiiiiie ettt 74
FIGURE 26 - PIN OUT MLX80104/05 —TOP VIEW .....cooiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et 77
FIGURE 27 - MLX80104/05 PROGRAMMING INTERFACE WITH THE MELEXIS MINI E-MLX EMULATOR........cccccovvvveeerenenn. 80
FIGURE 28 - MELEXIS MLX80104/05 PROGRAMMING INTERFACE ADAPTER ........ccottttiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeneeeeenenens 81
FIGURE 29 - MLX80104/05 PROGRAMMING INTERFACE WITH THE MELEXIS MINI E-MLX EMULATOR AND MELEXIS
INTERFACE ADAPTER ....ouvvviiiiiiiiiiitteeeeeeeeeieateeeeeeeeeeeisteseeeseeeaesssssesseeesasaarseseeessassaaressseesseasistssseeeseenssstesseeeseeesnsreseeeees 82
FIGURE 30 - CONNECTION DIAGRAM BETWEEN PTC-04 AND MLX80T04/5....ouvviiiiieeeeieee et 83
FIGURE 31 - MLX80104/05 PROGRAMMING INTERFACE WITH THE MELEXIS PTC-04.......oociiiiiiiiiieieeeeieeeeee e 85
FIGURE 32 - PIN OUT MLX80104/5 —TOP VIEW ....ccooiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee s 90
FIGURE 33 - QFIN28 DRAWING. .......ceeiiiitieiititeeaiiieeeeiteeeiotteeeassseeesssseeaasseesanssseesassssessssseesssssssesassssessnssessesssseesassseesssseeeens 92
MLX80104/5 — Datasheet Page 5 of 100 June 2016

390108010400 Rev 017



Melexis MLX80104/5

INSPIRED ENGINEERING LIN Slave Controller for Switches
Datasheet

TABLE 1 - ABSOLUTE MAXIMUM RATINGS.......coioutttiiieiieiiiteeeee e eeeeeeee e e e e e eeeaaeeeeeeeeesnsasaeseeessessasaaseeessessnntaaeseeseeensnranreeeeas
TABLE 2 - OPERATING CONDITIONS ....uuuutiiiiieiiiiiitereeeeeeeisittreeeeseeieiiasseeseessesissssssesssemssssseseessemsisrsssseessemmmssssssessessmssrssseeeees
TABLE 3 - STATIC CHARACTERISTICS ....vvvveeieeiieitiieeeeeeeeeeeaeeeeseeeeeeassesesessseasaseseseeseessstesssesssesssasssssesssssmsstasseseesssessssseeses
TABLE 4 - DYNAMIC CHARACTERISTICS. .
TABLE 5 - UNIFIED MEMORY MAPPING .....ccceiiiiiiiitieeeeeeieiiiteeeeeeeeeeiisteeesesseeasiareseseessessssssssesssssssssssssesssssmmsasssseesssmmsisssseses
TABLE 6 - MLLX16 PRE-DEFINED PAGES ........cceetttuttttieeeieeiiteeeeeeeeeeiitreeeeeeeeeaiisreseeeeseessistassesesessaassssseseseessassssseseseesessssrseeeens
TABLE 7 - SYSTEM PROTECTED PORTS OVERVIEW........ccciutttiieeeeiiiitreeeeeeeeeeiiteeeeeeeeeesiataseseeeeeesinsssseseseeesssnsseseeeesesssnsseeeens
TABLE 8 - STANDARD PORTS OVERVIEW ......cccoiiuutiiiiiiiieiiitieeeeeeeeeeiitteeeeeeeeeeiiaseseeeeeeeesistasseseseseasssssesesesesasssseseeeesessrsreeeeens
TABLE 9 - LOGIC TABLE FOR DETECTION OF LS INPUT SWITCHES....
TABLE 10 - LOGIC TABLE FOR DIAGNOSIS OF LS INPUT SWITCHES SHORT VS. BATTERY
TABLE 11 - LOGIC TABLE FOR DIAGNOSIS OF ALL INPUT SWITCHES SHORT VS. OTHER SWITCHES BY I1....cccoovvviviiiinnnnn... 33
TABLE 12 - LOGIC TABLE FOR DIAGNOSIS OF ALL INPUT SWITCHES SHORT VS. OTHER SWITCHES BY I2.......coovvviviininnnn... 34
TABLE 13 - LOGIC TABLE FOR BREAK DETECTION OF LS INPUT SWITCHES
TABLE 14 - LOGIC TABLE FOR DETECTION OF HS INPUT SWITCHES .................
TABLE 15 - LOGIC TABLE FOR DIAGNOSIS OF HS INPUT SWITCHES SHORT VS. GND
TABLE 16 - LOGIC TABLE FOR BREAK DETECTION OF HS INPUT SWITCHES ......uvvviiiiiiiiiiereeeeeeeeiinieeeeeeeeeesisnaereeeeeesensnnneeeeess
TABLE 17 - SLEEP MODE CONFIGURATION OVERVIEW (SWITCH DETECTION) .....ccoiuvieeiitreeeeereeeeeaeeeeeeeeeeeeneeseennneesenneeeens
TABLE 18 - ACTIVE MODE CONFIGURATION OVERVIEW SWX PINS ....coiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee ettt eeeeeeeneeeeeneeens
TABLE 19 - ACTIVE MODE CONFIGURATION OVERVIEW IOX PINS... .
TABLE 20 - ADC INPUT DIVIDER ......ccocuvvtieeeeeieiiureeeeeeeeeeiisseeeseeeeesisseseseeseesiisssseeesseessisrssesessesssssssssesssessmmssssesesessmsssssseees
TABLE 21 - INTERRUPT INPUTS ....eeeeeeiiiurrteeeeeeieiitureeeeeeeeesisseeeseeeeesissssssseeseesissssseseseessisrssesessessmssssssssesessmmssssseseseesmsssssseees
TABLE 22 - INTERRUPT VECTORS......ccetittttteeeeeiiiiureeeeeeeteeiisseesseeeeesissessseeeeesiissssseeeseemsisrsssseesesmmssssssssesesssmssssesesessmmssssseeees
TABLE 23 - PRIO PORT ENCODING .....uuuvvtiieiieiiiiiieeeeeeeeieeiieeeesessseesssssesesssessssssssessssmsistesesessssmmssssssssssssmmssssseessssmmsssseeses
TABLE 24 - CONFIGURABLE PWM FREQUENCIES........ccttttuuttttteetiiiitteeeteeeeeiiisteeeeeessessistesesessessissssssesssssssssssssesssssomsssseeees
TABLE 25 - DUTY CYCLE MEASUREMENT AND CALCULATION IN ACCORDANCE TO LIN PHYSICAL LAYER SPECIFICATION
2. X FOR BAUD RATES UP TO 20K BPS .....uuttiiiiiiiiiiieieeieee e eeeettee e e e eeeeaiaet e e e e e e sesaaaaeeeeeeeseessaaaeeseessesssssaesseessesssrseseeessenns 63
TABLE 26 - DUTY CYCLE MEASUREMENT AND CALCULATION IN ACCORDANCE TO LIN PHYSICAL LAYER SPECIFICATION
2.X FOR BAUD RATES OF 10.4KBPS OR BELOW ......cuuviiiiiiiiiiirieiieeeeeiiiitareeeeeeeeeiisreeeseeeeesissssssesesssssssssssssessemssssssseseseenans 64
TABLE 27 - PIN DESCRIPTION 9 PIN MINI CIRCULAR CONNECTOR .......ccoottiiiiiiiiiiiiiiieeee ettt eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneneeees 79
TABLE 28 - PIN DESCRIPTION 10 PIN HEADER CONNECTOR ........cceettuurtreieeeeeniiurereeeeeeeniisrereseeeeessisresseessessmmsnssesesessmnssssesess 81
TABLE 29 - CONNECTIONS FOR THIRD PARTY PROGRAMMER .........cccuvveiieeeieiiiurerieeeeeeeiireeeeeeeeesnissersseeeeeessssnssesesessmnsssseseses 86

MLX80104/5 — Datasheet Page 6 of 100 June 2016
390108010400 Rev 017



Melexis

GINEERING

MLX80104/5

LIN Slave Controller for Switches

Datasheet
1.1 Block Diagram
Figure 1 shows the principle block diagram of MLX80104/5.
VS DT Power Supply , VoD
ADC_VS T lVDDA
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nho WakeUp Logic PORWD -] WD
f WakeUp LIN T
SW1 <« 100
SW2 < g l 101
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All voltages are referenced to ground (GND). Positive currents flow into the IC.

2.1 Absolute Maximum Ratings

In accordance with the Maximum Rating System (IEC 60134). The absolute maximum ratings given in the table below
are limiting values that do not lead to a permanent damage of the device but exceeding any of these limits may do so.
Long term exposure to limiting values may affect the reliability of the device.

Parameter Symbol Condition Min Max | Unit
Battery Supply Voltage Vs -0.3 40 V
Short term supply voltage Vsia  |ISO 7637/2 pulse 5; t < 400 ms -0.3 40 V
Transients at supply voltage Vst |1SO 7637/2 pulse 111 -100 V
Transients at supply voltage Vsi2 | ISO 7637/2 pulses 2 1] +50 V
Transients at high voltage signal pins Vinert | 1SO 7637/3 pulse 112 -100 V
Transients at high voltage signal pins Vinxtz | 1SO 7637/3 pulses 22 +50 V
Transient at high voltage signal and power supply pins Vives | 1SO 7637/2 pulses 3A, 3Bl -150 +100 V
. T<500ms, Vs = 18V -22
DC voltage on LIN, SWx, 10x pins Vun_oc Vs = OV 40 40 V
DC voltage on IREF, AWD pin Viogic_DC -0.3 7 V
IEC 61000-4-2
VESDEG | piy LN, VS to GND S L
. HBM (AEC-Q100-002) 1
ESD capability Vesoreu | Pin LIN, VS to GND 8 g | kv
Other pins -2 2 kv
Vesocom | CDM (AEC-Q100-011) -750 750 V
Maximum latch — up free current at any pin ILaTcH -500 500 mA
Tamb = +125 °C 0.78
Maximum power dissipation Puot o w
Tamb = +85°C 2
Thermal impedance (ON JEDEC 1s2p board, none air flow 32 KIW
Storage temperature Tstg -55 +150 | °C
Junction temperature Ty -40 +150 | °C
[1] ISO 7637/2 test pulses are applied to VS via a reverse polarity diode and >2uF blocking capacitor.
[2] ISO 7637/3 test pulses are applied to LIN via a coupling capacitance of 100nF.
[3] ISO 7637/3 test pulses are applied to LIN via a coupling capacitance of 1nF.
ISO 7637/2 test pulses are applied to VS via a reverse polarity diode and >2uF blocking capacitor.
[4] Equivalent to discharging a 100pF capacitor through a 1.5Kohm resistor conforms to AEC-Q100-002
MLX80104/5 — Datasheet Page 8 of 100 June 2016
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2.2 Operating Conditions
Parameter Symbol Min Max Unit
Battery supply voltage Vs 5 18 v
Short time battery supply voltage ©! Vss 18 27 V
Operating ambient temperature Tamb -40 +125 °C

[1] Vsis the IC supply voltage including voltage drop of reverse battery protection diode,

[2] Shorttime:t <1 min

2.3 Static Characteristics

(Vs=51to 27V, To=-40 to +125°C, unless otherwise specified)

VDROP =04.. 1\/, VBAT?ECU =6...27V.

Parameter Symbol Condition Min Typ Max | Unit
Pin VS
3.00 Svl;i;:g:]ycc;lirr;enrlt, active without Is 6 20 mA
3.01 | Undervoltage lockout Vs wv 5 v
3.02 | Supply current, sleep mode lssLyp | Vs=12V 25 50 MA
3.03 | Supply current, sleep mode Iss! Vs=18V 90 MA
PIN LIN

3.10 | Short circuit bus current lus.um | Vin=Vs=18V, TxD=0 40 120 200 mA
3.11 | Pull up resistor LIN Rstave | Vun=0, TxD open 20 30 60 kQ
3.12 | Pull up current LIN, Sleep mode lsus_pu_steep | VLIN=0, Vs=12V, sleep mode -100 -75 MA
3.13 | LIN reverse current, recessive IBUS_PAS_rec X\L/'N:\\//:j\é\; Y%‘(SLSP\Q N 20 MA
Receiver input leakage current lBus_pAs_dom | Vs =12V, Vin=0 -1 mA

3.14 | LIN reverse current loss of battery | lsus_no_sat |Vs=0V, OV < Vin< 18V 23 MA
3.15 | LIN current during loss of Ground B! | lsus_no_ono | Vs=Veno=12V, OV<VLn<18V -100 20 MA
3.16 | Transmitter dominant voltage Vol LIN load=500€2, TxD=0 0.2 Vs
3.17 | Recessive output voltage Vonun | TXD open 0.8 1 Vs
348 | Lin input capacitance !1 Cun \F;:'lse=r1923\§°\’}2§ i T 25 3% | pF
3.19 | Voltage drop serial diode [ Ceserbiode 0.4 0.7 1.0 v
3.30 | Receiver dominant voltage VBusdom 0.4*Vs \Y
3.31 | Receiver recessive voltage VBusrec 0.6"Vs \Y
3.32 | Centre point of receiver threshold VBus_ent | VBUS_ent=( Vihdom+ Vinrec )/2 | 0.475*Vs | 0.5*Vs | 0.525*Vs | V
3.33 | Receiver hysteresis Vhvs Vs =( Vin_dom -Vih _rec ) 0.175*Vs | V
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Parameter Symbol Condition Min Typ Max | Unit
PIN SWx, I0x in normal mode
340 | cesance pulupoonfguraion | R |maxorvs o 1Ko
341 | cistance plldown confguraton | R [max0e 1Ko
3.42 | High level input voltage Vin_swx | Input mode 1.4 v
3.43 | Low level input voltage Viswx | Input mode 0.9 v
3.44 | On resistance SWx Ronio | Low side mode, Vswx=0.5V 50 100
Source current central current Vs=ov 15
3.45 SOUrce linswx | Vs=13V (Ta=25°C) 7 mA
Vs=18V 12
Vs=5V 1.5
3.46 | Sink current central current source lii_swx Vs=13V (Ta=25°C) 7 mA
Vs=18V 12
3.47 | Leakage current low level input lleak_swx | Vi_swx =0, Vs = 18V -10 10 MA
3.48 | Leakage current high level input lieakh_swx | Vin_swx = 18V, Vs = 18V -10 10 MA
PIN IREF
3.60 | Input voltage range Virer 0 Vs V
3.61 | Output current liRer 1.3 2 3.1 mA
3.62 | Leakage current low level input lea_rer | Virer = 0, Vs = 18V -10 10 MA
3.63 | Leakage current high level input leakn Rer | Virer = 3.4V, Vs = 18V -10 10 MA
PIN AWD
3.70 | Input voltage range Vawo 0 34 \Y
3.71 | Pull down current IPo_awp 2 MA
3.72 | Pull up current lPu_awp 20 MA
3.73 | RESET threshold Vawp_ra 0.5 \Y
3.74 | Interrupt threshold Vawp_int 1.5 v
3.75 | Down threshold Vawp_d 25 v
Wakeup capability SWx,|Ox
3.80 Yéiﬁ up pull up resistance SWx, Ri wu_smx eqi!(tgé&gd& voltage shift 500 1000 o
3.81 \éVV?/I)((e ng)XF[ll]J” down resistance Riwu_swy ZLQL%?Y\?smOde, voltage shift 500 1000 o
3.82 | High level input voltage Vin_wu_swx | Input mode 1.4
3.83 | Low level input voltage Vi_wu_swx | Input mode 0.9 V
3.84 g\r;v )rjl%s;(tance in sleep mode Rowwuio \L/Z&Iscl)(xiforg?/de (S3x), 50 100 o
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Parameter Symbol Condition Min Typ Max | Unit
Thermal Protection
3.90 | Thermal shutdown ! Tsd 155 180 °C
3.91 | Thermal recovery!!] Trec 126 150 °C
ADC Resolution (INL)
3.67 One time measurement 5 LSB
ADC accuracy Vmess_dif
3.68 Three time measurement 2 LSB
Switches

On - resistance A5 Rsw_on | carbon on gold 0 150 1000 Q
Off - resistance [@ Rsw_of | Open switch 500 KQ

(1]
(3]

(4]
(5]

Parameter not tested in production, guaranteed by qualification.
Switch parameter not determined by the IC, values are calculation basis for all currents and thresholds
The current is determined by the master pull-up. To prevent discharging of the battery, the master pull up will be disconnected

under Loss of Ground conditions
Resistance is valid for the sum of switch resistance and the ESD protection resistance

A 5000hm series resistor is required in case of the remote switch outside of the module and the switch is in this case directly

supplied from the battery
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2.4 Dynamic Characteristics
(Vs=7to 27V, To=-40 to +125°C, unless otherwise specified)
Parameter Symbol Condition Min Typ Max | Unit
PIN LIN
4.01 | Propagation delay receiver [ try_pa ggg: 25pF, rising and Falling 6 us
4.02 [Iz]ropagatlon delay receiver symmetry o sy | oot - o par 2 2 us
4.03 |Receiver debounce time 2! t geb | LINrising and falling edge 0.5 4 us
20kbps operation, normal mode
341
4.04 LN duty cycle 1 D1 tait = 50U, D1=tLN_rec(min)/(2*tait) 0.3%
20kbps operation, normal mode
341
405 LIN duty cycle 2 D2 tait = 50S, D2=tLN_rec(max)/(2*tit) 0.581
10.4kbps operation, low speed,
341
4.06 | LIN duty cycle 3 b3 tait = 96S, D3=tLN_recmin)/ (2 tsit) 0417
10.4kbps operation, low speed,
341
407 | LIN duty cycle 4 D4 tait = 96S, D3I=tLIN_rec(max)/(2*tait) 0590
4.08 | tecim) - donmin A3 ;Oaészs operation, low speed 159 | us
‘ 10.4kbps operation, low speed
4.09 | trec(min) - tdom(max) At4 mode 17.28 us
— Sleep mode, LIN rising and
412 | Wake up filter time twu falling edge 15 150 V5]
PIN SWx/IOx
o Sleep mode rising and falling
421 | Local wake-up filter time twu_local edge 10 25 50 V5]
ADCx
422 |Conversion time ADC teonv 12 us
PIN 10x
Low side mode, Vs=6V, Rpuiup
5] w_IOx .
4.24 | Slew Rate 10x tsiew 10 =2 502, Cioad = 20pF 25 Ms
General
Device start up time 61171 tsup | After POR,UVR, Wakeup 3 5 10 ms

This parameter is tested by applying a square wave signal to the LIN. The minimum slew rate for the LIN rising and falling

edges is 50V/us

See figure — Receiver debounce and propagation delay
See figure — Duty cycle measurement and calculation
Standard loads for duty cycle measurements are 1KQ/1nF, 660€/6.8nF, 5000/10nF, internal termination disabled

Only information

Only characterization, guaranteed by design
This time contains the activation time of hardware components and the software initialisation time. To get first valid switch status
information, the programmed switch debouncing time must be added.
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3.1 General

The MULAN CPU is a dual task implementation of the Melexis LIN Controller (MLX4) and the MLX16-8 CPU core. It is
possible to run two tasks simultaneously with this architecture, one task for communication and the other task is free
for the customer application. The communication between both tasks is done via APl commands. The complete
firmware including API for the LIN controller is supported by Melexis. The Customer only needs to program the
application software on the MLX16-8 CPU. For a detailed description of this CPU please see the MLX16-8 data book.

3.2 MULAN Block Diagram

N
I
S
A * A *
Mulan + +
: : Test
I I controller
I Mix16 I Mix4
: perphery : ¢ ¢ perphery
| |
[ [
| |

L |

Interrupt CPUs
gt MIx16-8 [— interfac |— Mix4
controller o
! ; T
Yy Y
ROM RAM
arbiter arbiter
A *
R 2 R
EEPROM ROM RAM

Mix4 - MIx16 shared resources
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3.3 CPU Timing

MULAN use two CPUs:
A 4 bit CPU to handle a low speed protocol such as LIN.
A 16 bit CPU for an application firmware.

This construction has the following advantages:

The user does not need to take care of the real time problems of a protocol.

The protocol is handled by a Melexis firmware that can be updated when the protocol evolves.

The application CPU throughput is not affected by the protocol handling.

There is a native inter-task protection, e.g. an application crash does not affect the protocol handling.

Both CPUs share a common 12 MHz clock, a common ROM for program memory and a common RAM for data. Two
memory arbiters are used for resolving conflicts with a common strategy: The MIx4 always has priority.
Most of the time there is no conflict as the CPUs are interleaved as shown on Figure 3.

RAM RAM RAM RAM RAM
access | access access access | access
* * Delay * Delay * *
| Fetch | Execute | Fetch | txecét:d()HUM | Fetch | Execute |

| Fetch |Execute| Fetch |Execute| Fetch |Execute| Fetch |

y y y y

ROM ROM ROM ROM ROM ROM ROM ROM
access | access | access | access | access | access | access | access

3.4 MLX16-8

The 16 bit CPU is an MIx16-8. This core is an evolution of the MIx16 to increase GCC code generation efficiency. The
change is limited to a few added instructions. A detailed description can be found in the MIx16-8 datasheet. For
readers familiar with the MIx16, the list of instructions added is:

- CALLF : Call Far (anywhere within 64K)

- FSB : Find first bit set (in a word)

- MOVSB [X++], [Y++] : Copy array of bytes

- MOVSW [X++], [Y++4] : Copy array of words

- Push #Word : Push a constant word into the stack
- SFB : Set first bit (in a word)

Moreover a new address mode has been added to allow direct access to any location. It is similar to dp: Addressing
mode but allows any address within 64K at expense of an extra word of op-code.



Melexis

INSPIRED NGIN

MLX80104/5

LIN Slave Controller for Switches
Datasheet

MIx4 and MIx16 share a common ROM and RAM. From the 2 CPUs a unified 16 bit bus is created (Von Neumann
architecture). This bus is hooked to the ROM, the RAM, the EEPROM and the MIx16-8 peripherals. Two arbiters are in

charge of creating a unique memory address and corresponding access signals for ROM and RAM.

4.1 Memory Mapping

The unified 16 bit bus accesses devices as shown on Table 5.

Mix16-8
Memory space
E030 - FFFF Not used
EOO0 - EO2F MIx16 System Ports 48 Bytes
C020 - DFFF Not used
C000 - CO1F MIx16 User ports 32 Bytes
BOOO - BFFF Not used
A200 - AFFF Not used
AO00 - AIFF RAM (2) RAM: 512 Bytes
80CO0 - OFFF Not used
8014 - 8O0BF EEPROM (1) EEPROM: 172 Bytes
8000 - 8013 EEPROM Melexis Area (1) EEPROM: 20 Bytes
4000 - 7FFF Not used
2000 - 3FFF ROM ROM: 8kBytes, MIx16 code
ROM: 4kBytes, MIx4 or MIx16
1000 - 1FFF ROM code
ROM: 4kBytes, Minimum MIix4
0000 - OFFF ROM code
(1): Fetch enabled in this area for patch codes
(2): See RAM sharing for MIx4-MIx16 distribution and protection

Allowed

Fetch

Write

System

There are some restrictions for accessing certain areas depending on the type of access:

e  MiIx4 can fetch anywhere from 0x0000 to Ox1FFF (12 bits word address)
e  MIx16 can fetch from:

o ROM: Normal case
o EEPROM: For patched code
o RAM: For test purposes

e  MiIx4 and MIx16 can read any RAM location (limited to 256 bytes for Mix4)
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The predefined pages of the MIx16-8 are encoded as shown on Table 5. Some have fixed values (in grey) while others
have value that depends of the ROM size. Table 6 gives examples for most common ROM sizes.

ROM
Name 16K | Note
FpO: 3F00 | Last ROM page (used by interrupt controller)
Fpl: 3E00 | Could be used for C runtime
Fp2: 3D00 | Could be used for C runtime
Fp3: 3C00 | Could be used for C runtime
Fp4: 3B00 | Could be used for C runtime
Fp5: A100 | In (large) RAM for fast patches (copied from EEPROM)
Fp6: A000 | In RAM Dp: for test routines
Fp7: 8000 | In EEPROM to allow single instruction patch start
Dp: A000 | MIx16 private RAM
lo: C000 | Standard Ports
Ep: 8000 | EEPROM (First page)
Legend:
Fixed address for any ROM size
Address depending on the ROM size

4.2 RAM Sharing
A RAM size of 512 bytes is available for the MLX80104/5. This area is used by both CPUs.

While Mix4 sees its private and shared RAM areas as 2 consecutive spaces, MIx16 sees the private area of MIx4 at the
top of its RAM address space and the shared area at its bottom. This arrangement has the following advantages:

e Shared areais in MIx16 Dp: address space, so MIx16 has a fast access to it.

e The MIx16-8 private area is in a single piece which makes GCC more efficient.

4.3 ROM/OTP Sharing

The MLX80104/5 has integrated 16Kbyte ROM or OTP. This area is used from both CPUs. The LIN Task + LIN APl use
5kbytes while the rest (11kbytes) is available for the application running on the MLX16

Each CPU has is own separate program code in the ROM/OTP area but there is no specific mechanism to isolate them.
The linker program merges the two programs and verifies that there is no overlapping, but if at execution time an
error causes one CPU to jump into the code of the other one, it will of course execute unpredictable instructions and
this situation will be detected either by watchdog overflow or protection error.

MLX80104/5 — Datasheet Page 16 of 100 June 2016
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4.4 EEPROM

With the EEPROM it is possible to store non-volatile information. The EEPROM block is a 96 x 16bit Electrically
Erasable Programmable Read Only Memory (EEPROM) with single power supply, single-error correction (SEC) and
double-error detection (DED). An internal charge pump generates high voltage needed for the Erase/Write operations.

The EEPROM is MIx16 private. The required EEPROM data for the MIx4 execution is placed in RAM by the MIx16

before it releases MIx4 reset.
The EEPROM is organized in words (16 bits). Reading byte-wise is possible, but writing is only possible word-wise.

4.4.1. Static/dynamic Characteristics

Parameter Remark min Typ Max Unit
Tamb = 25°C 100 000
Number of erase/write cycles
Tamb = 125°C 10 000
Data retention time Tamb = 85°C 10 Years
Erase/Write time Tamb = -40...125°C 4 8 ms

4.4.2. Reserved EEPROM Segments

Segment name Segment range Description
(word addresses)

Melexis area 0x8000 — 0x8013 Melexis calibration data
PatchO start address 0x8014 start address and enable bit for firmware patch 0
Patch1 start address 0x8016 start address and enable bit for firmware patch 1
User area 0x8018 — 0x809E User data
PatchO area 0x80A0 — Ox80AE PatchO
Patchl area 0x80B0 — 0x80BE Patchl

The using of firmware patches is optional but recommended. In case no firmware patch is used, these areas can be
used for user data.

4.4.3. Write Timing

The EEPROM requires a 5ms delay for write and erase operations. This is generated from a 250 KHz internal clock. A
write or erase access to the EEPROM starts a 5ms delay period that can be monitored by either polling port bit
EE_BUSY or waiting for the interrupt EE_IT.

Note:
While the EEPROM is being written, both CPUs are still running. An attempt to read or write to EEPROM by MIx16
while it is busy generates an exception interrupt.

4.4.4, Read timing

The read access time of the EEPROM is 4 clock periods. This delay is created using the master clock.
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445, Read

A read is done “on the fly” by adding wait states in the instruction.

Instruction Instruction Read EEPROM instruction Instruction
—»
250ns Delay
MLX80104/5 — Datasheet Page 18 of 100 June 2016
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4.4.6. Write/Erase

The MLx16 supports 2 operations: Read and Write, while EEPROM requires 3 operations: Read, Write, and Erase.
EEPROM Write and Erase are both accomplished by an MIx16 write instruction.

As write and erase delays are long, the MIx16 does not delay its instruction till completion. A specific hardware buffers
address and data and the CPU continues its execution while the write/erase is ongoing.

The CPU has 2 options to know when the write/erase delay is terminated. It can either poll bit EE_BUSY (0 when not
busy, 1 when busy) for a 0 value, or it can enable interrupt EE_IT that will be triggered when EE_BUSY goes from 1 to
0.

In order to minimize the risk of erroneous write/erase of the EEPROM, those accesses are only possible in system
mode, e.g. application should call a secure system function to erase or write.

Since some applications require the EEPROM should never be written there is an extra protection for the EEPROM.

The system port CONTROL has a bit EN_EEPROM_WE (0O at reset) that must be set to enable write and erase, or else
the operation is cancelled and a protection interrupt is generated.

EEPROM Control register

Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
0xE001 EEPROM EE_BUSY | Reserved | Reserved | Reserved | Reserved | Reserved | EE_CTL[1] | EE_CTL[0]
EE_BUSY Will be always high in case there is a write process running
EE_CTL[1:0] Controls the EEPROM read and write mode
00 Write
01 Erase
10 Block write, write access to any EEPROM address will overwrite the complete EEPROM
11 Block erase, write access to any EEPROM address will reset the complete EEPROM to 1

System Control register

Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
EEPROM_
0xE000 CONTROL | Reserved WE OUTC_WE | OUTB_WE | OUTA_WE | Reserved HALT | M4_PORB

EEPROM_WE  Write enable bit EERPOM

1 = EEPROM content can be changed

0 = EEPROM content can not be changed
OUTC_WE Write enable bit

1=ANA_OUTC can be changed

0 = ANA_OUTC can not be changed
OUTB_WE Write enable bit

1=ANA_OUTB can be changed

0 = ANA_OUTB can not be changed
OUTA_WE Write enable bit

1= ANA_OUTA can be changed

0 = ANA_OUTA can not be changed
HALT Writing to the bit will halt the MLX16
M4_PORB Mix4 Reset: Writing to the bit resets the MLX4
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System Various register
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
0xE000 VARIOUS EE_DED | EE_SEC |Reserved |Reserved |Reserved |Reserved |Reserved |Reserved
EE_DED EEPROM double-error detection
1 = EEPROM double-error detected
0 = EEPROM double-error not detected
EE_SEC EEPROM single-error correction
1 = EEPROM single-error detected and corrected
0 = EEPROM single-error not detected
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4.5 OTP (MLX80105 only)

The MLX80105 has integrated 16Kbyte OTP. This area is used by both CPUs. The LIN Task + LIN APl use
5kbytes while the rest (11kbytes) is available for the application running on the MLX16

Each CPU has is own separate program code in the OTP area but there is no specific mechanism to isolate
them. The linker program merges the two programs and verifies that there is no overlapping, but if at
execution time an error causes one CPU to jump into the code of the other one, it will of course execute
unpredictable instructions and this situation will be detected either by watchdog overflow or protection error.

From the functional point of view the MLX80104 (ROM) behaves the same as the MLX80105 (OTP).
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5.1 General

There are 2 port spaces for the MIx16:
e System protected ports (starting at address 0xE000), MIx16 bit USER must be cleared.
e  User ports (starting at address 0xC000), not protected, MIx16 bit USER must be set.

The Mulan port map has an open window of 16 bytes of custom user ports and of 12 bytes of custom system ports
(not included in Mulan). Reading to non existing custom ports will have no effect and reading from non existent
custom ports will always return 0.

5.2 System Protected ports

Table 7 shows the available system ports. All of these ports are system protected, meaning they are only accessible
with bit USER=0. All of these registers are located outside of the 10-Segment.

Name Address AI\::;ZZS Description Page
MLX OxEO02F Byte MLX Reserved
SEL_XTAL OxEO2E | Word/Byte | Selection of internal/external Oscillator 43
MLX 0xE02D Byte MLX Reserved
STATUS 0xE02C | Word/Byte |Wakeup Source and central pull up/down input comparator 27
SW_IN_H 0xE02B Byte SW8..9 Input comparator 28
SW_IN_L O0xEO2A | Word/Byte | SWO..7 Input comparator 28
I0_IN 0xE029 Byte 100..8 Input comparator 29
I0_AWD 0xE028 | Word/Byte |Watchdog Acknowledge 44
I0_IRQ 0xE027 Byte Interrupt source of 10 generated interrupts 29
IO_EN 0xE026 | Word/Byte |Enable IO pins 29
IO_INT_ENF | O0xE025 Byte Enable |0 interrupt on falling edges 29
[O_INT_ENR | OxE024 | Word/Byte |Enable IO interrupt on rising edges 29
MLX 0xE023 Byte MLX Reserved
MLX 0xE022 | Word/Byte |MLX Reserved
ANA_OUTC_H | 0xE021 Byte ADC reference calibration 68
ANA_OUTC_L | 0xE020 | Word/Byte |RC Oscillator trimming, enable external system clock source 68
ANA_OUTB_H | OxEO1F Byte Current references and bandgap trimming, slew rate LIN transceiver 68
ANA_OUTB_L | OxEO1E | Word/Byte |Switch current source trimming, VDDD and VDDA trimming 68
ANA_OUTA_H | O0xEQ01D Byte Setting EEPROM write delay, timer controlled wake up enable 68
ANA_OUTA_L | O0xE01C | Word/Byte |Power down enable LIN transceiver 68
PATCH3_A_H | OxEO1B Byte 4t Patch start address high byte, patch enable 70
PATCH3_A_L | OxEO1A | Word/Byte |4t Patch start address low byte 70
PATCH2_A_H | O0xE019 Byte 3rd Patch start address high byte, patch enable 70
PATCH2_A_L | OxE018 | Word/Byte |3 Patch start address low byte 70
PATCH1_A_H | OxE017 Byte 2nd Patch start address high byte, patch enable 70
PATCH1_A_L | OxE016 | Word/Byte |2nd Patch start address low byte 70
PATCHO_A_H | OxE015 Byte 1st Patch start address high byte, patch enable 70
PATCHO_A_L | OxE014 | Word/Byte |1stPatch start address low byte 70
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Name Address A“:I:cess Description Page
ode
PATCH3_I_H | O0xE013 Byte 4t Patch jump instruction high byte 70
PATCH3_I_L | O0xE012 | Word/Byte |4t Patch jump instruction low byte 70
PATCH2_I_H | O0xE011 Byte 3 Patch jump instruction high byte 70
PATCH2_I_L | O0xE010 | Word/Byte |3r Patch jump instruction low byte 70
PATCH1_I_H | OxEOOF Byte 2nd Patch jump instruction high byte 70
PATCH1_I_L | OxEOOE | Word/Byte |2nd Patch jump instruction low byte 70
PATCHO_I_H | OxEO00D Byte 1st Patch jump instruction high byte 70
PATCHO_I_L | OxEOOC | Word/Byte |1stPatch jump instruction low byte 70
MLX 0xE00B Byte MLX reserved
MLX OXEOOA | Word/Byte | MLX reserved
PEND_H 0xE009 Byte Pending Interrupts high byte 53
PEND_L 0xE008 | Word/Byte |Pending Interrupts low byte 53
MASK_H 0xE007 Byte Interrupt mask high byte 53
MASK_L 0XE006 | Word/Byte |Interrupt mask low byte 53
PRIO_H 0xE005 Byte Interrupt priority high byte 53
PRIO_L 0XE004 | Word/Byte |Interrupt Priority low byte 53
SHRAMH 0xE003 Byte Upper limit for the RAM not accessible by MLX16
SHRAML 0xE002 | Word/Byte |Lower limit for the RAM not accessible by MLX16
EEPROM 0xE001 Byte EEPROM control register 19
CONTROL 0xE000 Byte System control register 19
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5.3 Standard ports

Table 8 shows the available system ports. All of these ports are system protected, meaning they are only accessible
with bit USER=1. All of these registers are located outside of the 10-Segment.

Name Address Al\:gzzs Description Page
MLX 0xCO1F Byte MLX reserved
MLX 0xCO1E | Word/Byte |MLX reserved
SW_CONFIG O0xCO1D Byte grl]J;Lelgt configuration central current source, IREF 27
S3H 0xC01C | Word/Byte |10 pin open drain enable (S3) 29
S2H 0xC01B Byte 1O pin central current source pull down enable (S2) 27
S1H 0xCO1A | Word/Byte |10 pin central current source pull up enable (S1) 27
S3L_H 0xC019 Byte SWS8..9 pin open drain enable (S3) 28
S3L_L 0xC018 | Word/Byte |SWO..7 pin open drain enable (S3) 28
S2L_H 0xC017 Byte SWS8..9 pin central current source pull down enable (S2) | 27
S2L L 0xC016 | Word/Byte |SWO..7 pin central current source pull down enable (S2) | 27
S1L_H 0xC015 Byte SWS8..9 pin central current source pull up enable (S1) 27
S1L_L 0xC014 | Word/Byte |SWO..7 pin central current source pull up enable (S1) 27
PWM_DATA_READ | 0xC013 Byte PWM duty cycle value (read only)
PWM_DATA_WRITE| 0xC012 | Word/Byte |PWM duty cycle write register
PWM_AD 0xC011 Byte PWM channel selection 57
PWM_CTL 0xC010 | Word/Byte |PWM configuration register 58
MLX 0xCOOF Byte MLX reserved
MLX 0xCOOE | Word/Byte |MLX reserved
MLX 0xC00D Byte MLX reserved
MLX 0xC00C | Word/Byte |MLX reserved
ADC_IN_H 0xC00B Byte ADC result high byte 50
ADC_IN_L 0xCO0A | Word/Byte |ADC result low byte 50
ADC_CTL_H 0xC009 Byte ADC reference voltage and channel selection 50
ADC_CTL_L 0xC008 | Word/Byte |ADC configuration and status 50
TIMER_H 0xC007 Byte Timer register high byte, Timer enable 60
TIMER_L 0xC006 | Word/Byte | Timer register low byte 60
XIN 0xC005 Byte Thermal error 66
WTG 0xC004 | Word/Byte |Digital Watchdog tag register 47
WDCTRL 0xC003 Byte Digital watchdog control register
WDT 0xC002 Word/Byte | Digital Watchdog timeout register
VER 0xC001 Byte Hardware revision
VARIOUS 0xC000 | Word/Byte/Bit | System status
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The MLX80104/5 contains two types of ports. All of them are proof to battery voltage.
In case of ECU loss of battery (LOB) and a short of the wiring harness to an external supply line the MLX80104/5 will
be reverse powered. Please refer to chapter “Operating under Disturbance”.

6.1 Common Features of Pin SWx and 10x

The ports SWO0..9 as well as the ports /00..7 allow a very flexible control of up to 18 single switches or a switch matrix
or any combination of both, supplied by an internal current source of typically >7mA. The switch control is sequential
and periodical, so that only one port will be supplied at the same time.

If switches are placed outside and connected via a wiring harness to the ECU the MLX80104/5 allows full diagnosis of
short circuits or broken line.

All ports provide a programmable wake up function and a 10mA open drain low side switch (matrix row connection to
GND).

If ports are not used for switch detection, they can be configured passive (tristate behaviour) or as general purpose
10mA open drain output with port monitor. The input thresholds are compatible to 3.3V/5V supply systems. The
accuracy of the input threshold allows a monitoring of external voltages without ADC. It allows connection of external
supplied encoders, halls or similar.

Furthermore this architecture supports driving of logic output signals for other ECU components via an external pull
up resistor as well as the driving of high side or low side loads by providing base current for an external pnp transistor.
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