Product Abstract

MLX81325 - Smart LIN Driver for small motors <100W

1 Features and Benefits

Microcontroller

Communication CPU MIx4 for LIN protocol
handling

Application CPU MIx16, 16 bit RISC-CPU, C-
programmable

Programmable digital watch-dog with
several different modes

19 inputs interrupt controller

Common purpose timer

Memories

32 Kbyte Flash + 16 Kbyte ROM with ECC,
shared between MIx16 and MIx4

2 Kbyte RAM , shared by MIx16 and MIx4
2 x 256 Byte NVRAM with ECC, only
accessible by the MIx16

Periphery

pre-driver for small NFETs (<30nC@25kHz
PWM) to drive 2x DC, BLDC or Stepper
motor

8 pins for Digital 10, ADC, Timer/Capture,
Master/Slave SPI

5 programmable 16-bit PWM modules
with frequencies 10...50kHz
PWM-synchronized fast internal current
sense circuit for sensorless sine drive

28 MHz +/-5% PLL clock derived from
internal RC-oscillator

integrated watchdog, independent from
system-clock

on-chip temperature sensor with +/-10°C
accuracy

10 bit ADC < 6 us conversion, auto-DMA
storage, 24 channels, 0.75-1.5-2.5V
reference

overcurrent detection; overvoltage and
undervoltage protection
overtemperature protection

Voltage regulator

normal operating voltage VS = 5.5V...28V
(operating voltage up to 36V limited to
24h over lifetime)

undervoltage interrupt setting between
4v...9V
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3.3V regulator for >25mA current to
supply Hall or Triaxis position sensor
MCU control in 3.5V...28V range, without
losing memory/register content

low SLEEP MODE current of typ. < 25uA;
periodic wake-up timer < 100uA

Bus interface

support for PWM, LIN 2.x, SAE J2602
wake-up possible via LIN, external pin
I0[3] or internal wake-up timer

2 Application Examples

Small BLDC pumps or valves

DC motor positioning for WindowlLift,
Sunroofs, Seats, Doors with LIN

DC Blowers or DC Fans with LIN
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3 Ordering Information

MLX81325 LLQ-BMA-003-RE -40 - 150 °C QFN32 5x5 Reel MLX81325B (AA)
MLX81325 LLQ-BMA-103-RE -40 - 150 °C QFN32 5x5 Reel MLX81325B (ILS)

Table 3.1: Ordering Information
4 Family Concept

_ MLX81310 MLX81315 MLX81325

MCU Memory 32 KB Flash 32 KB Flash 32 KB Flash
+ 16 KB ROM

MCU NVRAM 4x 128 Byte 4x 128 Byte 4x 128 Byte

MCU RAM 2 KB 2 KB 2 KB

Driver / Pre-Driver 4x Driver on-chip 4x Driver on-chip 4x Pre-Driver <30nC
typ.5Q Halfbridge  typ.1Q Halfbridge  ext. NFETs

10 pins (analog, digital) 7x LV + 1x HV 7x LV + 1x HV 7x LV + 1x HV

Motor current sense Low side, Low side, Low-side, differntial
On-chip On-chip external shunt

Sensor interface (3.3V supply) analog, pwm, spi analog, pwm, spi analog, pwm, spi

Sensorless support (hw + sw) yes yes yes

LIN auto-address support (AA) yes yes yes, option Oxx

Maximum IC Temperature T;=175°C Tj=175°C Tj=175°C

(with validated mission profile)
Package QFN32, 5x5 QFN32, 5x5 QFN32, 5x5

Table 4.1: Family features
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5 Technical description

5.1 Package data QFN32, 5x5

Symbol [2]
Min

Melexis

NSPIRED ENGINEERING

Top View Bottom View
(Nd-1)xe ref.
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0.80 0.00 0.18 3.50 3.50 0.35
Nom 090 0.02 020 0.25 5.00 3.60 5.00 3.60 0.50 0.40
Max 1.00 0.05 0.30 3.70 3.70 0.45

Figure 5-1: Package data QFN32

(1]
[2]
(3]
(4]

Dimensions and tolerances conform to ASME Y14.5M-1994

All dimensions are in Millimeters. All angels are in degrees

N is the total number of terminals

ND and NE refer to the number of terminals on each D and E side respectively

390108132502, REVISION 1.6 - 28. Aug 2019

0.16  0.10 32

Page 3 of 23



Product Abstract
MLX81325 - Smart LIN Driver

for small motors <100W

5.2 Marking instruction

81325

27272777

YYWW

g
i

i

—> Part number
—> Lot Number
— Assembly Date Code: Year Week

—> Option Code

— Silicon version; customer code; assembly house
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5.3 Pin out description
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29
30

HSV
\Y
HSU
u
HST
T
LSW
LSV
LSuU
LST
ILS
GNDM
GNDL
LININ
LINOUT
ILS2
107
106
105
104
103
102
101
100
VDDA
GNDA
vDDD
VS

CPDRV
VSM

Pwr HV
Pwr HV
Pwr HV
Pwr HV
Pwr HV
Pwr HV
Pwr HV
Pwr HV
Pwr HV
Pwr HV
Pwr HV
Pwr LV
Ground
Ground
Pwr HV
Pwr HV
Pwr LV
Ana LV
Ana LV
Ana LV
Ana LV
Ana HV
Ana LV
Ana LV
Ana LV
Pwr LV
Ground
Pwr LV
Supply HV

Pwr HV
Supply HV

Motor phase W

High side driver output phase V

Motor phase V

High side driver output phase U

Motor phase U

High side driver output phase T

Motor phase T

Low side driver output phase W

Low side driver output phase V

Low side driver output phase U

Low side driver output phase T

Positive input of the current sensor

Power and digital ground

LIN ground

LIN transceiver BUS pin, connected to master side

Option Oxx: LIN transceiver BUS pin connected to end of bus side
Option 1xx: negative input of the current sensor

General Purpose Digital 1/0 pins / Analog input for ADC

General Purpose Digital I/O pins / Analog input for ADC

General Purpose Digital 1/0 pins / Analog input for ADC

General Purpose Digital 1/0 pins / Analog input for ADC

General Purpose Digital I/0 pins/ Low/High-Voltage input for ADC, Wake up
General Purpose Digital 1/0 pins / Analog input for ADC

General Purpose Digital 1/0 pins / Analog input for ADC

General Purpose Digital 1/0 pins / Analog input for ADC
Regulator output (~3.3 V), external blocking capacitors

Ground pin for analog

Regulator output (~1.8 V), external blocking capacitors for Digital part

Battery supply voltage for Analog part; external protection against reverse
polarity needed, external blocking capacitors

Charge pump clock

Battery supply voltage for Drivers Part; external protection against reverse
polarity needed, external blocking capacitors
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VBOOST  Pwr HV Charge pump voltage
32 HSW Pwr HV High side driver output phase W

Option code Oxx

2 3 o<«
5858 .,823%
2235 ¢8¢6 ¢
O merrm

w[]o ] 100
HsV [ ] 101
v[] []102
HSU [ ] 103
' MLxs1325
HST [ 105
T 1106
LSW [] []107
OO
> 2 = n = A z E
nh o u 1o 2 F 2
aJ 3 04 = 5 % % %

Option code 0xx

Table 5.1 Pin out description for option Oxx

Option code 1xx

% > o <
58385 ,828
1 £23%¢2856 S
O] rr
w[]o ] 100
HsV [] ] 101
v ] 102
HSU [ ] 103
' MLx81325 [
HST [] ] 105
T ] 106
LSwW [] ] 107
OO OoOod %J
7352328278
6 0 -

Option code 1xx

Table 5.2 Pin out description for option 1xx
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5.4 Absolute Maximum Ratings

All voltages are referenced to ground (GND). Positive currents flow into the IC. 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.
Reliable operation of the MLX81325 is only specified within the limits shown in “Operating conditions”.

Battery supply voltage -0.5 28 (36V &) v
t < 500 ms -0.5 45 Y
VSM VDDA-0.3  28(36V¥®) v
t < 500 ms VDDA-0.3 45 Y
VS.trl 1ISO 7637-2 pulse 1 ™ -100 Y
VS=13.5V, TA=(23 + 5)°C
VS.tr2 ISO 7637-2 pulse 2 ! +75 Y%
VS=13.5V, TA=(23 + 5)°C
VS.tr3 ISO 7637-2 pulses 3A, 3B -150 +100 Y

[1]
VS=13.5V, TA=(23 + 5)°C

Battery supply current IVSM_max maximum DC or RMS 125 mA
supply current VSM
Output voltage VDDA -0.3 3.6 \Y
Output voltage vDD1V8 -0.3 1.95 \Y
LIN Bus VLIN T <500ms -27 45 \Y
VBUS.trl ISO 7637-2 pulse 1 -100 v
VS=13.5V, TA=(23 £ 5)°C
VBUS.tr2 ISO 7637-2 pulse 2 +75 Y%
VS=13.5V, TA=(23 + 5)°C
VBUS.tr3 ISO 7637-2 pulses 3A, 3B -150 +100 \Y

[2]
VS=13.5V, TA=(23 + 5)°C

ILIN_max Maximum current in -200 200 mA
LININ or LINOUT
Voltage on Analogue HV ~ VAN_HV 103 with internal divider -0.3 VS+0.3 \"
T, U, V, W outputs
Voltage on PIN VBOOST VAN_VBOOST switching transients at 45 \"
36V motor drive
Voltage on Analogue HV ~ VAN_HSx 0.3 VBOOST+0.3 V
Voltage on Analogue HV ~ VAN_LSx 03 VREF+0.3 \Y
Voltage on pin ILS VAN_ILS, -0.5 VDDA+0.3 \
VAN_ILS2
Voltage on 10[7:4] and VIO_LV -0.3 VDDA+0.3 \"
10[2:0]
Voltage on I0[3] VIO_HV -0.3 VS+0.3 \Y
Current on 10[7:0] IIN_DIG -10 10 mA
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Maximum latch—up free ILATCH

according JEDEC JESD78, -100

current at any pin AEC-Q100-004
Maximum latch—up free ILATCH_driver @ t= 10 msec -250
current at driver pins
ESD capability of pin LIN ESDugm LN Human body model, -6
acc. AEC-Q100-002 '™
ESD capability of pin LIN  ESDjec uin acc. IEC 61000-4-2 ®1 -6
ESD capability of any other ESDyugm Human body model "' -2
pin, except LIN
ESD capability at any pin  ESDcpwm Charge Device Model, -500
acc. ANSI/ESDA/JEDEC
J5-002
Storage temperature Tstg -55
Junction Temperature TJ -40
Thermal resistance MLF32 | Rth in free air ~32

(31

Table 5.3: Absolute maximum ratings

(1]
(2]

B1]
(4]
(6]
(7]
(8]

ISO 7637 test pulses are applied to VS via a reverse polarity diode and >22uF/100nF blocking capacitor;

I1SO 7637 test pulses for 24V car battery needs to be protected by external components;

ISO 7637 test pulses are applied to BUS via a coupling capacitance of 1nF (as required by German OEM)

I1SO 7637 test pulses for 24V car battery needs to be protected by external components;
Simulated value for low conductance board (JEDEC).
ESD is applied on LIN pin against shorted GND pins

Equivalent to discharging a 150pF capacitor through a 330Q resistor conform to IEC Standard 1000-4-2.

Equivalent to discharging a 100pF capacitor through a 1.5kQ resistor.

250

+6

+6
+2

+500

150
175

Melexis

) ENGIMEERING

mA
kv

kv
kv

°C
°C
K/W

36V operation is limited to maximum 24 hours over life; 28..36V motor driving may require 100..500 Ohm resistor at Vboost pin to protect

in case of pcb switching transients >45V

390108132502, REVISION 1.6 - 28. Aug 2019
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5.5 Operating Conditions

The IC can have 6 different hardware modes. The exact functionality of these modes depends on the hardware
and software configuration:

® Reset:
= Triggered by hardware. When VS or VDDA or VDDD drop below a critical level, the complete
chip is powered down.
= The analogue and digital supply regulators are disabled. No functionality is available in this
mode.
= Normal mode. Main application running
= Microcontroller fully functional
= Analogue fully functional
= Power Saving Mode
= Application CPU halted
= Wake-up by interrupt.
= Under voltage: triggered by the hardware under voltage detection interrupt. (VS_UV)
= Microcontroller fully functional.
= Analogue functionality under software control.
= Reduced current capability on VDDA below VS=5.5V.
= Qver voltage: triggered by the hardware over voltage detection interrupt. (VS_OV)
= Microcontroller fully functional
= Analogue functionality under software control.
= Sleep Mode: Triggered by the software.
= Microcontroller powered down
= Digital and analogue supply powered down.
= Sleep Mode and wake-up functionality running on help supply Vaux

Parameter Symbol Conditions Limit
Min Typ Max

Supply Voltage Range VS 5.5 28 \Y
(36'%)

Supply Voltage Range VS_Ib 3.5 5.5 Y%
Low battery

Ambient Temperature TA -40 150 °C
Junction Temperature for | TJFLPR 0 85 °C
FLASH Program and Erase

Junction Temperature for TIJNVPR -40 165 °C

NVRAM Program and Erase

Table 5.4: Operating Conditions

[1] IC will work down to 3.5V with reduced analogue characteristics, Digital part still works,
Memories will keep their content. Some analogue parameter will drift out of limits, but chip function can be guaranteed.
Before going down to 3.5V the VS has to be at the startup of the IC for a certain time > 5.5V to guarantee a correct reset!

[2] IC will work up to 36V with reduced analogue characteristics, Digital part still works, Memories will keep their content. 36V operation is limited
to maximum 24 hours over life
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5.6 Electrical parameter specification

Melexis

Following characteristics are valid over the full temperature range of Tj = -40°C to +165°C and a supply range of
28V (36V for max. 24h over life time) = VS=VSM > 5.5V unless otherwise noted.
With 5.5V 2 VS > 3.5 V the controller still works, Memories keep their contents, analogue parameters cannot be

guaranteed. The VS has to be at the startup of the IC for a certain time > 5.5V to guarantee a correct reset!

If several pins are charged with transients above VS and below VSS, the summary of all substrate currents of the
influenced pins should not exceed 10mA for correct work of the device.
All voltages refer to ground of IC, which is built by short of all existing ground pins, which were split to meet EMC
performance and lowest possible noise influence.

Parameter Symbol
Global parameters

Normal working Inom
current

Sleep Mode current | Isleep

Holding mode current lhold

Frequencies

Frequency of the frc_1M
trimmed RC oscillator
Frequency of the PLL fpll
Settling time of the  tsetpll
PLL

Frequency separate
10kHz RC oscillator
for the analogue
Watchdog
Temperature
dependency of the
10kHz RC oscillator

frc_10k

Tc_Frc_10k

390108132502, REVISION 1.6 - 28. Aug 2019

Conditions Limit

Min Typ
all pins are inputs, trimmed 10 30
PLL to 28 MHz; no external
loads, Normal LIN
communication
chip in sleep mode; T< 150 °C
VS=13V,T<35°C 30
VS=13V,T>35°C 80
VS=18V 100
VS>18V 200
All pins are inputs,
No motor drive, MIx16 in halt
T Wake up MLX16: 25ms
ADC: 2 conversions every 25ms 7
Drivers: on, ChargePump on
MLX4 LIN: connected
Watchdog: on
LINAA: off [9]
RC oscillator is trimmed -5% 1 +5%
System RC oscillator is -5% 28 +5%
trimmed
RC oscillator is trimmed, PLL 250
is switched on
Value of Frc_10k 5 10 20

-10 10

Page 10 of 23
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Startup time after tstartup_POR C_3.3v=100nF; C_1.8V=100nF
Power On Time to 1° Flash instruction
Startup time of the  tstartup_CP Time from CP start to VBOOST

Charge pump (CP)

VDDA related parameters (external C: 47nF ... 220nF)

3.3V supply voltage VDDA with trimmed VBG
range

External output Iddout_VDDA

current capability

VDDD related parameters (external C: 47nF ... 220nF)

1.8V supply voltage  VDDD after trimming
range
External output Iddout_VDDD

current capability
VDDA based UV RESET parameters
Undervoltage reset  Vuvr_hl_ VDDA

on
Undervoltage reset  Vuvr_|h_ VDDA

off

Hysteresis for Vhyst_uvr_VDDA guaranteed by design

undervoltage reset
Debouncing for UVR  tuvr_VDDA

VDDD based UV RESET parameters
Undervoltage reset  Vuvr_hl_VDDD

on
Undervoltage reset  Vuvr_lh_VDDD

off

Hysteresis for Vhyst_uvr_VDDD guaranteed by design

undervoltage reset

Debouncing for UVR | tuvr_VDDD
POR parameters (VS based; for information only)
POR off Vpor_lh
POR on Vpor_hl
Hysteresis for POR Vhyst_por

only for information
only for information
only for information

VS — Programmable under voltage interrupt parameters (Brown out

Programmable range Vuv_range PRUV[2:0]:
for under voltage 000
level 001

010

011

100

101

390108132502, REVISION 1.6 - 28. Aug 2019

=VS+ 6V for VS>12V; motor
not running during startup,
Cfly=100 nF, Cboost =1 uF

3.15

1.77

2.7

2.85

0.1

1.525

1.6

0.05

60

35
4.5
55
6.5
7.5
8.5

3.3

1.85

2.85

1.6

1.675

3.6
3.15

O 00 NO U1 B~

Melexis
20 ms
5 ms
3.45 Vv
25 mA
1.93 Vv
0 mA
3 Y
3.15 Y
Y
10 Ks
1.675 Y
1.75 Y
Y
10 us
Y
Y
mV
4.5 Y
5.5 Y
6.5 Y
7.5 Y
8.5 Y
9.5 Vv
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Hysteresis for under | Vhyst _uv 0.1 1 \Y
voltage
Debouncing for under Tuv only for information 10 30 60 Ks
voltage
VS - Over Voltage (Load dump) interrupt related parameters
Level for load dump  VId_lh PROV:
interrupt on 0 31.5 33 34.5 Vv
1 37 38.5 40 \
Level for load dump  VId_hl PROV:
interrupt off 0 29.5 31 32.5 \Y
1 34.5 36 37.5 \
Hysteresis for load Vhyst_|Id 1 2 3 \Y
dump interrupt
Debouncing for load | Tid only for information 50 100 Us
dump interrupt
ADC (10Bit) related parameters
ADC full scale range  fsr3 ADC_REF[1:0]=11 2.45 2.5 2.55 \Y
(code Ox3FF fsr2 ADC_REF[1:0]=10 1.47 1.5 1.53 \Y
corresponds to fsr)  fsril ADC_REF[1:0]=01 0.735 0.75 0.765 Y
fsr0 ADC_REF[1:0]=00 off Y
ADC reference disabled
Differential DNL only characterized; no -1 +1 LSB
nonlinearity production test
Integral nonlinearity | INL only characterized; no -3 +3 LSB
production test
Quantization steps RESADC guaranteed by design 1024 LSB
Minimum conversion | Tconv frequency = 2MHz 6 us
Time frequency = 4MHz 3
guaranteed by design
Minimum sampling  Tsamp Time between channel select 3 s
time and start conversion (4 MHz)
guaranteed by design
Minimum time Teycl Tcycl = Tsamp + Tconv (for 6 s
between 2 ADC 4MHz) w/o channel change
conversions Tcycl = Tsamp + Tconv (for 7
4MHz) with channel change
guaranteed by design
ADC error (excluding | ErrADC LV channels -1 1 %
ADC reference and HV channels (with predivider) -3 3 %
INL)
10[7:0] related parameters
Leakage current in lleakio[7:0] 1/16 divider on 103 disabled. -5 5 pHA

10[7:0]
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Parameter Conditions

Digital input Vinhio[7:0] 2.4 \Y
threshold level L=>H

Digital input vinlio[7:0] 1 \Y
threshold level H=> L

Digital input Vinhystio[7:0] 0.1

Hysteresis

Digital WU input Vinlhio_wu Active in SLEEP MODE 2.7 v

threshold level

L=>H

Digital WU input Vinhlio_wu Active in SLEEP MODE \

threshold level 1.2

H=>L

Hysteresis Vhystio_wu 0.1 \Y

Output voltage low  VoutllO[7:4, 2:0] |load = 2mA 0.4 \

Output voltage high | VouthlO[7:4, 2:0] |load = 2mA VDDA - Vv

L A R S

Output voltage low  VoutllO[3] lload = ImA, SPI_EN = 1; 0.4 \
SPIOUT =0

Output voltage high | VouthlO[3] lload = 1ImA, SPI_EN = 1; VDDA - Vv
SPIOUT =1 0.4

Input Voltage Range  Vin_adc_lO[7:4,  For information only 0 2.5 \Y

for ADC measurement 2:0]

I03_HV Input Voltage Vin_adc_l03 For information only 0 36 Vv

range for ADC Measurement of V(103)/16

measurement

Temperature Shutdown circuit

Over temperature Tot_on tested by special test mode 170 180 190 °C
shutdown interrupt only
Tot_off 140 150 160 °C
Tot_hyst guaranteed by design 10 °C
Temperature Sensor (for ADC measurement)
Temperature range  Trange Sensor measures IC junction  -40 180 °C
temperature
Temperature TEMP_GAIN 0.5 °C/LSB
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Parameter Symbol Conditions
measurement gain
Accuracy Tacc Measurement error versus T- -10 10 °C
junction temperature after
calibration
Input range VS_min 5.5 \
VS_max @ ADC_REF[1:0]=11 36 \%
@ ADC_REF[1:0]=10 24
@ ADC_REF[1:0]=01 12
@ ADC_REF[1:0]=00 off
Output Capability Tsettling_ADC Time to charge the ADC 0.3 0.5 s
sampling cap,
only characterized; no
production test
Low-Pass Filter cut-off | Fvs_filter -3dB cut=off frequency, only | 0.7 1.5 kHz
frequency (@VSM) characterized; no production
test
VSM sensor filter Vadc_vsm_off Referred to input voltage -300 300 mV
Offset (VSM)

Bottom pre-driver

FET Gatedrive voltage @ VREF Assured output voltage when
VSM 27V 6 8 9 \%
55V<VSM <7V
If no undervoltage detected VSM -1 \Y

Ron charge R_LS_HIGH VS=VSM = 8V...36V 10 30 60 Ohm
Tested at 13V in production

Ron discharge R_LS_LOW VS=VSM = 8V...36V 10 25 50 Ohm
Tested at 13V in production

Top pre-driver

Ron charge R_HS_HIGH VS=VSM = 8V...36V 8 40 80 Ohm
Tested at 13V in production

Ron discharge R_HS_LOW VS=VSM = 8V...36V 8 40 80 Ohm
Tested at 13V in production

Charge Pump

Charge pump output | VBOOST VSM =10V VSM+7 VSM+8  VSM+9.5 'V
8V <VSM < 10V VSM +5.5 VSM+9.5
5.5V < VSM < 8V VsM+3 VSMEE -y,
(BAT54S, Tj<150degC)

390108132502, REVISION 1.6 - 28. Aug 2019
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Parameter Symbol Conditions
Min Typ Max

CPDRV output R_CPDRV_HIGH lload=2mA 15 40 120 Ohm
resistance R_CPDRV_LOW  Tested at 13Vin production 19 26 60
CP output frequency | CP_FREQ 40 50 60 kHz
Dead Time for FET switching
Dead Time T _DEAD Programmable with 3 bits.
ANA_OUTG[4:2]
000 0.4 Us
001 0.8 us
010 1.2 Ks
011 1.6 Us
100 2.0 Us
101 2.4 Ks
110 2.8 Us
111 3.2 Hs
Motor Current Sensor parameters
Current sensor input | V_CURR_IR Allowed input range of shunt  -100 100 mV
range voltage (eg. 100 mOhm shunt:
1A =100mV)
Current sensor Gain Acs 9.5 10 10.5
Current sensor Vcs0 V(ILS) =0 1.25 \Y
reference
Current sensor Vcs_err measured at the output of the -20 20 mV
calibration error current sensor (ADC input)
Current sensor low tes_filter Guaranteed by design 0.25 0.5 1 Hs
pass filter time Typical RC is formed with

R =40kOhm and C = 5pF

Overcurrent detection (via comparator)

Short circuit detection | Voc 260 300 330 mV
level
Debouncing for OC Toc Digital filter based on RC
clock
Programmable with 2 bits.
DEB_OC[1:0]
00 1 2 s
01 2 4 Hs
10 4 8 us
11 8 16 s

External FET monitoring
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Parameter

Symbol

Conditions

Melexis

Detection level

Filter Time

Vds

Tvds

Vds over voltage level when
FET is on

Time from Fet on till Vds
monitoring start.
Programmable with 2 bits.
10:VDS_MASKTIME[1:0]
00

01

10

11

LIN related parameters ISO_DIS_17987-4 , SAE J2602, 8V < VBAT < 18V.

DC Parameters

Transmitter

Short circuit bus
current

Pull up resistance
bus,

normal & standby
mode [8]

Pull up current,
SLEEP MODE

Input Leakage at the
receiver incl. PU
Bus reverse current,
recessive

Bus reverse current
loss of battery

Bus current during
loss of ground
Transmitter
dominant voltage
Transmitter
recessive voltage
BUS input
capacitance;

MLX Value for LIN
conformance test

Receiver

Receiver dominant
voltage

IBUS_LIM

RSLAVE

ILIN_PU-Sleep
IBUS_PAS_dom

IBUS_PAS_rec

IBUS_NO_BAT

IBUS_NO_GND
Volgys
VOhBUS

CBUS

VBUSdom
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Vgus = Vear = 18V, driver on
Vgus = Vear = 36V, driver on

Vius=0, Vgar=12V, SLEEP
MODE

Vgus=0, Vear=12V

Vgus=0, Vgar=24V

driver off, 8V<Vgar<27V,
27V<Vgar<36V,

Vsus > Vear

VS =0V, 0V < Vgys < 18V

18V < Vgys< 36V

LIN 2.1

VS=VGND=12V, 0 < Vgys < 18V
VS=VGND=24V, 0 < Vgys < 36V
network load =500Q /

TxDx =0

TxDx open

Pulse response via 10kQ,
Veuise = 12V,
VS open

Min Typ

1.5 2
1.6
3.2
4.8
6.4

40

75

20

-100

-1

-2
1

-1

-2

0

0.8
25

2.5

200
300
60

20
50

23
100

35

0.4

\

us
us
us
us

mA

kOhm

HA
mA

HA

HA

mA

VS

VS

pF

VS
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Parameter Symbol Conditions
Min Typ Max

Receiver recessive VBUSrec 0.6 VS

voltage

Centre point of VBUS_CNT VBUS_CNT=( VBUSdom+ 0.475 0.5 0.525 VS

receiver threshold VBUSrec )/2

Receiver Hysteresis  VBUS_hys VBUS_cnt =( VBUSrec - 0.15 0.175 VS
VBUSdom)

AC Parameters

Propagation delay trx_pdf CRxD =25pF 6 s

receiver (2Bl 6 falling edge

Propagation delay trx_pdr CRxD =25pF 6 s

receiver 12 BL 1 rising edge

Prop. delay receiver  trx_sym trx_pdf -trx_pdr -2 2 s

symmetry ©

Receiver debounce trec_deb LIN rising & falling edge 0.5 4 s

time !

LIN duty cycle 1 B p1 20kbps operation , 0.396 -
normal mode

LIN duty cycle 2 B p2 20kbps operation , 0.581 -
normal mode

LIN duty cycle 3 B p3 10.4kbs operation, 0.417 -
low speed mode

LIN duty cycle 4 B pa 10.4kbs operation, 0.590 -
low speed mode

trec(max) — At3 10.4kbs operation, 15.9 s

tdom(min) low speed mode

trec(min) — At4 10.4kbs operation, 17.28 s

tdom(max) ! low speed mode

TxD dominant tTxD_to Normal mode, VTxD = OV 64 ms

timeout ©

Table 5.5: Electrical parameters

[1] PLL should be switched off at brown out condition. Analog parameters are not guaranteed during brown out.

[2] This parameter is tested by applying a square wave signal to the LIN. The access to internal signals RxD,TxD will be performed by test mode. The
minimum slew rate for the LIN rising and falling edges is 50V/ps.

[3] See Figure 5-3: LIN timing diagram

[4] Standard loads for duty cycle measurements are 1KQ/1nF, 660Q/6.8nF, 500Q/10nF, internal termination disabled

[5] In accordance to SAE J2602

[6] Parameter in relation to internal signal TxD

[7] Internal MLX value to suppress spikes; only proved during characterisation: not measured in production

[8] The pull-up resistance is always connected to the LIN-bus; Only when LIN Auto-addressing firmware code is included, the pull-up can be
disconnected during the LIN Auto-Addressing sequence

[9] IHOLDmax increases by ~0.5mA in case LINAA is switched on.
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As shown in figure, both worst case duty cycles can be calculated
as follows : ; tait / tait

TXD 1 - . T
(input to transmiting Node) | | |

tEh.rs_dom(vm:x) P lBus_rec(mln) 1

tait

D wel = tBUS_rec{min)/ 2% tBit
ch2= tBUS_rec(max} / 2* tBIT

Thresholds of

I THR, -\
Thresholds for duty cycle calculation in accordance to LIN2.x: Vsup TH S N oo
(Transceiver supply Dom(max} L '

of transmitting node)

Baud rate 20kBaud 10.4kBaud )N T\ eceiving o2
1git 50us 96us i tBus_dom(min) | tBus_rec(max) E
Duct D1 D3 - = |

Ducz D2 D4 (oo matnto ) | e o Lt
THrecw 0.744Vs x| 0.778 Vs 1x 5 :
THoommax 0.581Vsrx = 0.616 Vs 1x o S E ']
THrecmm) 0.422 Vs 1x | 0.389 Vs rx . — e
THoomminy 0.284 Vs 1x 0.251 Vs 1x

Figure 5-4: LIN timing diagram: Relation between propagation delay and duty cycle
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In the following schematic example, all external components are indicated that are needed to protect the IC
against EMC / ESD pulses.

VBAT O— e Pl .
MLx\£3M25 I
== == VS CPDRV T
| T T VBOOST
GND O—¢ J..L *—GNDL  psw =
HSV H———
o ! HSU
LIN_IN LININ HST
LIN_OUT O LINouT I L”:} - [} [? comnections
U H=— T ou
v H—=— oV
w H=— —a ow
VDDD
| voos [* A%

T T LST
LSU
. GNDA
L LSV
; LSW H—3
10[7:0] ILS

GNDM E_
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MLX81325 - Smart LIN Driver for small motors <100W

The following schematic is an example for a differential shunt measurement of the external current. All external
components are indicated that are needed to protect the IC against EMC / ESD pulses.

VBAT O

l

T

Melexis

y

GND O

LIN_IN O

L1
L
IT

LIN_OUT ©

=

I—‘

1

VSM
MLX81325
VS cPDRvV

VBOOST
GNDL  psw
HSV
HSU
LININ  HST
LINOUT
U
v
W
VDDD
VDDA
LST
GNDA  LSU
LSV
LSW
10[7:0] ILS
ILS2
GNDM

[%

BLDC motor
connections
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7.1 Block-Diagram

VDDA VDDD

1

VS CPDRV VBOOST VSM

Melexis

107
106
105
104
103
102
101
100

LINOUT [

(bond option

0xx)
LININ

GNDL

ILS2 (bond option 1xx)

| | | — —
T +—F
GNDA T
Supply System Charge Pump
Digital WD with 3.3v/1.8V l __‘i
separate RCO
Overtemp Aux. Supply —™ [ JmHST
detection HSU
POR VDS - HSV
HSW
10 ports L .
100, ..., 107 ———) L -LI—J
Temperature ——) Mux .
LIN Rx-Tx Vs, Vsm ——y 16:1 > 10-bit ADC VREF [ vV
access LIN ACFG ——) : Autosequence
11V ——) W
Vi, Vi, W, Vw —— )| _‘{I:\
10 ports *—P [ LST
Wake-up _ LSU
SPI ’ OC_DRV fdrv __l
COMP - OPA LSV
N . LSW
AN : Y
(et { ] GNDM
A ILS
[}
5x PWM timer Interrupt 16 bit Timer Units
with Double
Temp Sensor | [ pwm control controller Capture Compare
Supply Sensor PWM clock Digtal _ RAM
Auto-config e e
— SPI Flash
A HW multiplier M 32 Kbyte
CO-processor Common Timer M ROM
H App| CPU U 16 Kbyte
pp
ocC
DRV —» MLX16 NVRAM
VDS — 4x128 Bytes
Melexis —
Integrated LIN
LIN-PHY [ ' Controller NV M(—;‘mory
(Protocol program interface
Boot Loader)
RC-osc. f_maﬂ Multi-CPU Test Controller
+PLL debugger
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8 Debugging Facilities

Hardware and software debugging tools are available for MLX81325, the description of the available tool set is
not a part of this document.

9 Assembly Information

Our products are classified and qualified regarding soldering technology, solderability and moisture sensitivity
level according to following test methods:

Reflow Soldering SMD’s (Surface Mount Devices)
e |PC/JEDEC J-STD-020
Moisture/Reflow Sensitivity Classification for Nonhermetic Solid State Surface Mount Devices
(classification reflow profiles according to table 5-2)
e EIA/JEDECJESD22-A113
Preconditioning of Nonhermetic Surface Mount Devices Prior to Reliability Testing
(reflow profiles according to table 2)

Wave Soldering SMD’s (Surface Mount Devices) and THD’s (Through Hole Devices)
e EN60749-20

Resistance of plastic- encapsulated SMD’s to combined effect of moisture and soldering heat
e FEIA/JEDEC JESD22-B106 and EN60749-15

Resistance to soldering temperature for through-hole mounted devices

Iron Soldering THD’s (Through Hole Devices)
e EN60749-15
Resistance to soldering temperature for through-hole mounted devices

Solderability SMD’s (Surface Mount Devices) and THD’s (Through Hole Devices)
e FEIA/JEDECJESD22-B102 and EN60749-21
Solderability

For all soldering technologies deviating from above mentioned standard conditions (regarding peak temperature,
temperature gradient, temperature profile etc) additional classification and qualification tests have to be agreed
upon with Melexis.

The application of Wave Soldering for SMD’s is allowed only after consulting Melexis regarding assurance of
adhesive strength between device and board.

Melexis recommends reviewing on our web site the General Guidelines soldering recommendation
(http://www.melexis.com/Quality soldering.aspx) as well as trim&form recommendations
(http://www.melexis.com/Assets/Trim-and-form-recommendations-5565.aspx).

Melexis is contributing to global environmental conservation by promoting lead free solutions. For more
information on qualifications of RoHS compliant products (RoHS = European directive on the Restriction Of the
use of certain Hazardous Substances) please visit the quality page on our website:
http://www.melexis.com/quality.aspx
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10 Contact

For the latest version of this document, go to our website at www.melexis.com.

For additional information, please contact our Direct Sales team and get help for your specific needs:

Europe, Africa Telephone: +32 13 67 04 95

Email : sales europe@melexis.com

Americas Telephone: +1 603 223 2362

Email : sales _usa@melexis.com

Asia Email : sales asia@melexis.com

11 Disclaimer

The information furnished by Melexis herein (“Information”) is believed to be correct and accurate. Melexis disclaims (i) any and all liability
in connection with or arising out of the furnishing, performance or use of the technical data or use of the product(s) as described herein
(“Product”) (i) any and all liability, including without limitation, special, consequential or incidental damages, and (iii) any and all
warranties, express, statutory, implied, or by description, including warranties of fitness for particular purpose, non-infringement and
merchantability. No obligation or liability shall arise or flow out of Melexis’ rendering of technical or other services.

The Information is provided "as is” and Melexis reserves the right to change the Information at any time and without notice. Therefore,
before placing orders and/or prior to designing the Product into a system, users or any third party should obtain the latest version of the
relevant information to verify that the information being relied upon is current.

Users or any third party must further determine the suitability of the Product for its application, including the level of reliability required
and determine whether it is fit for a particular purpose.

The Information is proprietary and/or confidential information of Melexis and the use thereof or anything described by the Information
does not grant, explicitly or implicitly, to any party any patent rights, licenses, or any other intellectual property rights.

This document as well as the Product(s) may be subject to export control regulations. Please be aware that export might require a prior
authorization from competent authorities.

The Product(s) are intended for use in normal commercial applications. Unless otherwise agreed upon in writing, the Product(s) are not
designed, authorized or warranted to be suitable in applications requiring extended temperature range and/or unusual environmental
requirements. High reliability applications, such as medical life-support or life-sustaining equipment are specifically not recommended by
Melexis.

The Product(s) may not be used for the following applications subject to export control regulations: the development, production,
processing, operation, maintenance, storage, recognition or proliferation of 1) chemical, biological or nuclear weapons, or for the
development, production, maintenance or storage of missiles for such weapons: 2) civil firearms, including spare parts or ammunition for
such arms; 3) defense related products, or other material for military use or for law enforcement; 4) any applications that, alone or in
combination with other goods, substances or organisms could cause serious harm to persons or goods and that can be used as a means of
violence in an armed conflict or any similar violent situation.

The Products sold by Melexis are subject to the terms and conditions as specified in the Terms of Sale, which can be found

at https.//www.melexis.com/en/legal/terms-and-conditions.

This document supersedes and replaces all prior information regarding the Product(s) and/or previous versions of this document.
Melexis NV © - No part of this document may be reproduced without the prior written consent of Melexis. (2016)

I1SO/TS 16949 and 1SO14001 Certified
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