NXP Semiconductors Document Number: MC06XS4200
Data Sheet: Advance Information Rev. 5.0, 5/2018

Dual 24 V, 6.0 mOhm high-side
switch 06XS4200

The 06XS4200 device is part of a 24 V dual high-side switch product family with
integrated control and a high number of protective and diagnostic functions. It
has been designed for truck, bus, and industrial applications. The low Rpg(on)
channels (<6.0 mOhm) can control different load types; bulbs, solenoids, or DC High-side switch
motors. Control, device configuration, and diagnostics are performed through a
16-bit serial peripheral interface (SPI), allowing easy integration into existing
applications.

Both channels can be controlled individually by external/internal clock-signals or
by direct inputs. Using the internal clock allows fully autonomous device
operation. Programmable output voltage slew rates (individually programmable)
help improve EMC performance. To avoid shutting off the device during inrush
current, while still being able to closely track the load current, a dynamic
overcurrent threshold profile is featured. Switching current of each channel can
be sensed with a programmable sensing ratio. Whenever communication with
the external microcontroller is lost, the device enters a fail-safe operation mode,
but remains operational, controllable, and protected. This device is powered
using SMARTMOS technology. FK SUFFIX (PB-FREE)
Features 98ASA00428D

- Two fully-protected 6.0 mOhm (@ 25 °C) high-side switches 23 PIN PQFN (12 X 12 mm)

+ Up to 12 A steady-state current per channel

» Separate bulb and DC motor latched overcurrent handling

» Parallel output operating mode with improved switching synchronization

+ Individually programmable internal/external PWM clock signals (switching
frequency, duty cycle, slew rate, switch-on time-shift)

» Overcurrent, short-circuit, and overtemperature protection with
programmable auto-retry functions

» Accurate temperature and current sensing (high/low sensing ratios/offset
compensation)

» Openload detection (channel in OFF and ON state), also for LED
applications (7.0 mA typ.)

» Normal operating range: 8.0 to 36 V, extended range: 6.0 to 58 V,

+ 3.3 Vand5.0 Vcompatible 16-bit SPI port for device control, configuration,
and diagnostics at rates up to 8.0 MHz
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Figure 1. Simplified application diagram

* This document contains certain information on a new product.
Specifications and information herein are subject to change without notice.

© NXP B.V. 2018.
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1 Orderable parts

Table 1. Orderable part variations

Part number MC06XS4200FK MC06XS4200BFK
Notes (1) 1.2
Temperature (T,) -40to 125 °C
Package 23 PQFN
Vpwr (V) Reverse Battery at 25 °C -28 -32
lout_Leak Min (MA) Vs oFr = Vpwr = 24V -40 -120
Min -35 -38
Ve (V)
Max -24 -32
Min -60 -90
At g o1 (us)
Max 60 90
loLp(on) min (mA) CSNS_ratio bit = 0 Min 200.0 135.0
Min -21 -25
At(DLY) (us) SR[1:0] = 00
Max 21 25
Min -41 -50
At(DLY) (us) SR[1:0] = 01
Max 41 50
Min 46 50
SYNC output signal delay for SR[1:0] = 00 (us)
Max 155 160
Min 55 80
SYNC output signal delay for SR[1:0] = 01 (us)
Max 280 320
I Loap_ERR_sys (MA) typ 15 22

Notes

1. Bit D4 of RETRY_s Serial Input register

MCO06XS4200FK =0
MCO06XS4200BFK = CONF_SPI_s

Setting bit D4 to 0 (CONF_SPI_s = 0) will configure the overcurrent profile as the CONF pin.

Setting bit D4 to 1 (CONF_SPI_s = 1) will configure the overcurrent profile as the opposite of CONF pin.
2. The overcurrent profile can be configured through the SPI in the RETRY_s register. If CONF_SPI_s bit is set to 0, the overcurrent profile is

selected on the CONF input pin, otherwise it is the opposite. After device reset, the overcurrent profile is defined by the CONF input pin. The

SPI-SO CONF bit reporting shall combine external hardware configuration and SPI settings.

06XS4200
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Internal block diagram
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Figure 2. Internal block diagram
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Transparent top view

Pin connections
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Figure 3. Device pin assignments

Table 2. 06XS4200 pin assignments
The function of each pin is described in the section Functional description

Pin Pin name Function Formal name Definition
number
1 CSNS Output Output Current/ This pin either outputs a current proportional to the channel’s output current or a
Temperature Monitoring| Vvoltage proportional to the temperature of the GND pin (pin 14). Selection between
current and temperature sensing, as well as setting the current sensing sensitivity
are performed through the SPI interface. An external pull-down resistor must be
connected between CSNS and GND.

2 INO Input Direct Inputs The IN[0: 1] input pins are used to directly control the switching state of both

3 IN1 switches and consequently the voltage on the HS0:HS1 output pins. The pins are
connected to GND by internal pull-down resistors.

4 FSOB Output Fail-safe Output FSOB is asserted (active-low) upon entering Fail-safe mode (see Functional

(Active Low) description) This open-drain output requires an external pull-up resistor to Vpyyg.

5 CONFO Input Configuration Input The CONF[0:1] input pins are used to select the appropriate overcurrent detection

6 CONF1 profile (bulb/DC motor) for each of both channels. CONF requires a pull-down
resistor to GND.

7 FSB Output Fault Status This open-drain output pin (external pull-up resistor to Vpp required) is set when the

(Active Low) device enters Fault mode (see Fault mode).

8 CLOCK Input PWM Clock The clock input gives the time-base when the device is operated in external clock/
internal PWM mode.

This pin has an internal pull-down current source.

9 RSTB Input Reset This input pin is used to initialize the device’s configuration and fault registers. Reset
puts the device in Sleep mode (low current consumption) provided it is not
stimulated by direct input signals.This pin is connected to GND by an internal pull-
down resistor.

10 CSB Input Chip Select This input pin is connected to the SPI chip-select output of an external

(Active Low) microcontroller. CSB is internally pulled up to Vpp by a current source Iyp.
06XS4200
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Table 2. 06XS4200 pin assignments (continued)

The function of each pin is described in the section Functional description

Pin Pin name Function Formal name Definition

number

11 SCLK Input Serial Clock This input pin is to be connected to an external SPI Clock signal. The SCLK pin is
internally connected to a pull-down current source Ipyyy

12 S| Input Serial Input This input pin receives the SPI input data from an external device (microcontroller
or another extreme switch device in case of daisy-chaining). The Sl pin is internally
connected to a pull-down current source Iy

13 VDD Power Digital Drain Voltage This is the positive supply pin of the SPI interface.

16 SO Output Serial Output This output pin transmits SPI data to an external device (external microcontroller or
the Sl pin of the next SPI device in case of daisy-chaining). The pin doesn’t require
external pull-up or pull-down resistors, but a series resistor is recommended to limit
current consumption in case of GND disconnection

14,17, 22 GND Ground Ground These pins, internally connected, are the ground pins for the logic - and analog
circuitry. It is recommended to also connect these pins on the PCB.

15,18,21 VPWR Power Positive Power Supply | These pins, internally connected, supply both the device’s power and control
circuitry (except the SPI port). The drain of both internal MOSFET switches is
connected to them. Pin 15 is the device’s primary thermal pad.

19 HS1 Output Power Switch Outputs | Output pins of the switches, to be connected to the load.

20 HSO

23 SYNC Output Output Current This output pin is asserted (active low) when the Current Sense (CS) output signal

Monitoring is within the specified accuracy range. Reading the SYNC pin allows the external
Synchronization microprocessor to synchronize to the device when operating in autonomous
operating mode. SYNC is open-drain and requires a pull-up resistor to Vpp.

06XS4200
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4 Electrical characteristics

4.1 Maximum ratings

Table 3. Maximum ratings

All voltages are relative to ground unless mentioned otherwise. Exceeding these ratings may cause permanent damage.

Parameter Symbol Maximum ratings Unit
ELECTRICAL RATINGS
VPWR supply voltage range Vpwr \
Load dump at 25 °C (350 ms) 58
Reverse battery at 25 °C
06XS4200 -28
06XS4200B -32
Fast negative transient pulses (ISO 7637-2 pulse #1, Vpyyr = 28 V and Ri = 10 Ohm) -60
VDD supply voltage range Vbp -0.3t05.5 \
Voltage on input pins® (except IN[0:1]) and output pins(*)(except HS[0:1]) Viax Locic® -0.3t05.5 \Y
Voltage on Fail-safe output (FSOB) VEso -0.3to 58 \
Voltage on SO pin Vso -0.3 to Vpp+0.3 \%
Voltage (continuous, max. allowable) on IN[0:1] Inputs VN MAX 58 \
Voltage (continuous, max. allowable) on output pins (HS [0:1]) Vhs0:1] V
06XS4200 -28 to 58
06XS4200B 3210 58
Rated continuous output current per channel® IHs[o:1] 12 A
Maximum allowable energy dissipation per channel and two parallel channels, single- EcL{0:1]_SING mJ
pulse method® B 250
ESD Voltage!”) \Y;
Human body model (HBM) for HS[0:1], VPWR and GND VEsD1 +8000
Human body model (HBM) for other pins VEsDp2 +2000
Charge device model (CDM)
Package corner pins (1, 13, 19, 20) VEsD3 +750
All other pins VEsp4 +500

Notes:
3. Concerned Input pins are: CONF[0:1], RSTB, SI, SCLK, Clock, and CSB.
4. Concerned Output pins are: CSNS, SYNC, and FSB.

5. Output current rating valid as long as maximum junction temperature is not exceeded. For computation of the maximum allowable output current,
the thermal resistance of the package and the underlying heatsink must be taken into account

Single pulse Energy dissipation, Single-pulse short-circuit method (L, = 0.5 mH, R =48 mOhm, Vpyr =28V, T; = 150 °C initial).

7. ESD testing is performed in accordance with the Human Body Model (HBM) (Czap = 100 pF, Rzap = 1500 Ohm), and the Charge Device Model

(CDM), Robotic (Czap = 4.0 pF).
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Table 3. Maximum ratings (continued)

All voltages are relative to ground unless mentioned otherwise. Exceeding these ratings may cause permanent damage.

Parameter Symbol Maximum ratings Unit
THERMAL RATINGS
Operating temperature °C
Ambient Ta -40 to 125
Junction Ty -40 to 150
Storage temperature Tste -55 to 150 °C
Thermal resistance/junction to case ReJc <1.0 °C/W
Reflow peak temperature on device pins during soldering(®): () TSOLDER 260 °C

Notes:

8. 10 seconds maximum duration. Not designed for immersion soldering. Exceeding these limits may cause malfunction or permanent damage to

the device. MSL level is specified later.
9. NXP’s Package Reflow capability meets Pb-free requirements for JEDEC standard J-STD-020. For Peak Package Reflow Temperature and
Moisture Sensitivity Levels (MSL), go to www.nxp.com, search by part number (remove prefixes/suffixes), enter the core ID to view all orderable

parts, and review parametrics.

06XS4200
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4.2 Static electrical characteristics

Table 4. Static electrical characteristics

Unless specified otherwise: 8.0 V< Vpyyr <36V, 3.0V <Vpp<5.5V,-40°C <Tp <125°C, GND =0 V. Typical values are average
values evaluated under nominal conditions Ty = 25 °C, Vpyr =28 V and Vpp = 5.0 V, unless specified otherwise.

Parameter Symbol Min. Typ. Max. Unit
SUPPLY ELECTRICAL CHARACTERISTICS
Supply voltage range: VpwR
Full specification compliant 8.0 24 36 \%
Extended mode('?) 6.0 - 58
VpwR supply current, device in wake-up mode, channel On, openload IPWR(ON) mA
Outputs in ON-state, HS[0: 1] open, IN[0:1] > V|4 - 6.5 8.0
VpwR supply current, device in wake-up mode (Standby), channel Off IPWR(SBY) mA
Openload in OFF-state detection disabled, HS[0: 1] shorted to ground with - 6.5 8.0
VDD =5.5V and RSTB > VWAKE
Sleep state supply current IPWR(SLEEP) LA
VpwR =24 V, RSTB = IN[0:1] < V\yake, HS[0: 1] connected to ground
* Ta=25°C - 3.0 10.0
e Tp=125°C _ _ 60.0
Vpp supply voltage VbD(©ON) 3.0 - 5.5 \
Vpp supply current at Vpp = 5.5V IDD(ON) mA
No SPI communication - - 22
8.0 MHz SPI communication('") - 5.0 -
Vpp sleep state current at Vpp = 5.5 V with or without Vpyr IbD(SLEEP) - - 5.0 pA
Overvoltage shutdown threshold VPWR(OV) 39 42 45.5 \Y
Overvoltage shutdown hysteresis VPWR(OVHYS) 0.2 0.8 1.5 \%
Undervoltage shutdown threshold('2) VPWR(UV) 5.0 - 6.0 \%
Vpwr Power-on reset (POR) voltage threshold('2) VPWR(POR) 22 2.6 4.0 \%
Vpp power-on reset (POR) voltage threshold('?) VDD(POR) 1.5 2.0 2.5 \%
Vpp supply failure voltage threshold (assumed Vpyr > Vpwr(uv)) VDD(FAIL) 2.2 2.5 2.8 \%

Notes

10.  In extended mode, availability of several device functions (channel control, value of Rps(on), Overtemperature protection) is guaranteed, but
compliance with the specified values in this document is not. Below 6.0 V, the device is only protected from overheating (thermal shutdown). Above

VpwR(ov)- the channels can only be turned ON when the overvoltage detection function has been disabled.

11.  Typical value guaranteed per design.

12. When the device recovers from undervoltage and returns to normal mode (6.0 V < Vpyr < 58 V) before the end of the auto-retry period (see Auto-

retry), the device performs normally. When Vpyyr drops below VPWR(UV): undervoltage is detected (see Undervoltage fault (Latchable fault) and

EMC Performances).
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Table 4. Static electrical characteristics (continued)

Unless specified otherwise: 8.0 V< Vpyr<36V,3.0V<Vpp<55V,-40°C <Tp £125°C, GND =0 V. Typical values are average
values evaluated under nominal conditions Ty = 25 °C, Vpyr =28 V and Vpp = 5.0 V, unless specified otherwise.

Parameter Symbol Min. Typ. Max. Unit
ELECTRICAL CHARACTERISTICS OF THE OUTPUT STAGE (HS0 AND HS1)
ON-resistance, Drain-to-Source (Iyg = 3.0 A, T; =25 °C) CSNS_ratio = 0 Ros(ony2s
* Vpwr =80V - - 6.0 mQ
« Vpyr =28V - - 6.0
. VPWR =36V _ _ 6.0
ON-resistance, Drain-to-Source (Iyg = 3.0 A;T; = 150 °C) CSNS_ratio =0 Rps(oN)150
* Vpywr=8.0V - - 12 mQ
. VPWR =28V _ _ 12
. VPWR =36V _ _ 12
ON-resistance, Drain-to-Source difference from one channel to the other in ARDS(ON)150
parallel mode (Iyg = 1.0 A,;T; = 150 °C) CSNS_ratio = X 07 _ +0.7 mo
ON-resistance, Source-Drain (Iyg =-3.0 A, T; =150 °C, Vpyyr = -24 V) Rsp(oN)150 - - 12 mQ
Max. detectable wiring length (2.5 mm?) for severe short-circuit detection (see LSHORT
Severe short-circuit fault (latchable fault)): 14 48 80 cm
* High slew rate selected
* Medium slew rate selected 30 100 170
* Low slew rate selected 60 200 340
Overcurrent detection thresholds with CSNS_ratio bit = 0 (CSRO0) I ocHi o 90.0 110.0 128.3 A
| ocH2 o 58.3 70.0 81.7
I ocm1.0 36.1 43.3 50.6
| ocm2 0 22.2 26.7 311
| ocL1 o 15.0 18.0 21.0
| ocL2 o 10.0 12.0 14.0
I ocL3 o 5.0 6.0 7.0
Overcurrent detection thresholds with CSNS_ratio bit = 1 (CSR1) I ocH1 1 30.6 36.7 428 A
| ocHz_1 194 233 27.2
I ocm1_1 12.0 14.4 16.9
I ocm2 1 74 8.9 10.4
I ocL1 1 5.0 6.0 7.0
| ocL2 1 3.3 4.0 47
| ocLs 1 1.6 2.0 24
Output (HS[x]) leakage current in sleep state (positive value = outgoing) louT LEAK pA
06XS4200
VHS,OFF =0V (VHS,OFF = OUtpUt voltage in OFF state) - - +16
Vus,oFr = Vpwr, device in sleep state (Vpyr =24 V) -40.0 _ +5.0
06XS4200B
Vus,orr = 0V (Vys oFr = output voltage in OFF state) - - +16
VHS,OFF = VPWR’ device in sleep state (VPWR =24 V) -120 - +5.0
Vhs.oFf = Vpwr, device in sleep state (Vpyg = 36 V) -1400 - +5.0
06XS4200
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Table 4. Static electrical characteristics (continued)

Unless specified otherwise: 8.0 V < Vpyyr <36V, 3.0V <Vpp<5.5V,-40°C <Tp <125°C, GND = 0 V. Typical values are average
values evaluated under nominal conditions Ty = 25 °C, Vpyr =28 V and Vpp = 5.0 V, unless specified otherwise.

Parameter Symbol Min. Typ. Max. Unit
ELECTRICAL CHARACTERISTICS OF THE OUTPUT STAGE (HS0 AND HS1) (CONTINUED)
Output biasing current in off-state (positive value = outgoing) louT OFF pA
06XS4200B B
with OL_OFF disabled (worst case Vpyr = 36 V, Vs o = 34 V)
 Fast slew rate selected 770 620 460
+ Medium slew rate selected '520 '420 '310
+ Slow slew rate selected :390 :315 :240
» With OL_OFF disabled and ECU ground disconnected (Vpyr = 32 V) 0.0 _ 1000
Switch turn-on threshold for supply overvoltage (Vpygr -GND) Vb_GND(CLAMP) 58 - 66
Switch turn-on threshold for drain-source overvoltage (@ Ips = 100 mA) Vbs(cLAMP) 58 - 66
Switch turn-on threshold for Drain-Source overvoltage difference from one AVpg(CLAMP)
channel to the other in parallel mode (@ Iyg = 100 mA) 20 _ +2.0 v
Current Sensing Ratio(13) -
* CSNS_ratio bit = 0 (high-current mode) Csro _ 1/5000 _
* CSNS_ratio bit = 1 (low-current mode
- ( ) CSR1 - 1/1666.6 -
Minimum measurable load current with compensated error(14) | LoAD MIN - _ 175 mA
CSNS leakage current in OFF state (CSNSx_en = 0, CSNS_ratio bit_x = 0) IcSR LEAK -4.0 - +4.0 pA
Systematic offset error (see Current sense errors) | LOAD ERR SYS mA
+ 06XS4200 S _ 15 _
» 06XS4200B _ 22 _
Random offset error | LOAD_ERR_RAND -360 - 360 mA
CSNS pin current sourcing capability, absolute upper limit ICSNS MAX 5.15 - - mA
Esgro output current sensing error (%, uncompensated“5)) at output current Esro ERR
level (sense ratio Cgrg selected): B %
T,=-40°C
9.0A -13 - 13
45A -12 - 12
225A 17 - 17
1.13A -31 - 31
T,=125°C
90A -10 - 10
45A 9.0 - 9.0
2.25A -12 - 12
T,=25t0125°C
9.0A -10 - 10
45A -9.0 - 9.0
225A 12 - 12
1.13A 22 - 2
06XS4200
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Table 4. Static electrical characteristics (continued)

Unless specified otherwise: 8.0 V< Vpyr<36V,3.0V<Vpp<55V,-40°C <Tp £125°C, GND =0 V. Typical values are average

values evaluated under nominal conditions Ty = 25 °C, Vpyr =28 V and Vpp = 5.0 V, unless specified otherwise.

Parameter Symbol Min. Typ. Max. Unit
ELECTRICAL CHARACTERISTICS OF THE OUTPUT STAGE (HS0 AND HS1) (CONTINUED)
EsRro output current sensing error (%, after offset compensation“‘”) atoutput | Egry grr(Comp) %
current level (sense ratio Cgrg selected): B
T,=-40°C
9.0A -10 - 10
45A -10 - 10
2.25A -10 _ 10
1.13A -10 _ 10
T,=125°C
9.0A -9.0 - 9.0
45A -8.0 - 8.0
295A -9.0 - 9.0
113 A -9.0 - 9.0
T,=25t0125°C
90A -9.0 - 9.0
45A -8.0 - 8.0
295 A -9.0 - 9.0
113A -9.0 - 9.0
Esgr1 output current sensing error (%, uncompensated (15)) at output current Esr1 ERR
level (sense ratio Cgr4 selected): -
T,=-40°C %
225A -16 - 16
T,=125°C
295A -12 - 12
T,=25t0125°C
295 A -12 - 12
Notes:

13. Current Sense Ratio CSRX = ICSNS / (IHS[X] + I_LOAD_ERR_SYS)

14. See note (19

accuracy improvements can be obtained by performing a 1 or 2 point calibration

, but with Icsns Meas Obtained after compensation of | | oap ERR_RAND (S€€ Activation and use of offset compensation). Further

15.  Esrx_ERR = (Icsns_Mmeas / lcsns mopeL) - 1, with lesns mopeL = (I(HS[X]) + 1 Loap ERR svs) ™ Csrx, (I Loab ERR_sys defined above, see

section Current sense error model). With this model, load current becomes: I(HS[x]) = Icsns / Csrx - | LoAD_ERR_svs

06XS4200
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Table 4. Static electrical characteristics (continued)

Unless specified otherwise: 8.0 V < Vpyyr <36V, 3.0V <Vpp<5.5V,-40°C <Tp <125°C, GND = 0 V. Typical values are average
values evaluated under nominal conditions Ty = 25 °C, Vpyr =28 V and Vpp = 5.0 V, unless specified otherwise.

Parameter Symbol Min. Typ. Max. Unit
ELECTRICAL CHARACTERISTICS OF THE OUTPUT STAGE (HS0 AND HS1) (CONTINUED)
Egr1 OUtput current sensing error (% after offset compensation('8)) at output Esr1 Err(COMp)
current level (sense ratio Cgr4 selected): - %
T,=-40°C
2.25A -10 - 10
0.75 A -11 - 11
0.375 A -18 - 18
0.225 A -29 - 29
T,=125°C
295A -8.0 - 8.0
0.75 A -10 - 10
0.375 A 12 - 12
0.225 A -16 - 16
T,=25t0125°C
295 A -8.0 - 8.0
0.75A 10 - 10
0.375A 13 N 13
0.225A 21 N 2
Egro Output current sensing error in parallel mode (%, uncompensated('”)) at Esro ERR PAR
outputs current level (sense ratio Cgrg selected): T %
T,=-40°C
90A -10 - 10
4.5 A -11 - 11
T,=125°C
90A -8.0 - 8.0
45A -8.0 - 8.0
T;=25t0125°C
9.0 A -8.0 - 8.0
45A -8.0 - 8.0
Current sense clamping voltage (condition: R(CSNS) > 10 kOhm) VeL(csNs) 55 - 7.5 \%
Openload detection current threshold in OFF state ('8) loLp(oFF) 30 - 100 uA
Openload fault detection voltage threshold (1®) VOLD(THRES) 4.0 - 5.5 \%

Notes:
16. See note ('), but with Icsns_MEAs Obtained after compensation of | | oap ERR_RAND (S€€ Activation and use of offset compensation). Further
accuracy improvements can be obtained by performing a 1 or 2 point calibration.

17.  Esrx_erR = (Icsns_Mmeas/ Icsns_mopeL) -1, With Iesns_ mopeL = (I(HSIXD)+ 1 1 oap ERR_sys) * Csrx, (I LoaD_ERR_sys defined above, see section
Current sense error model). With this model, load current becomes: I(HS[x]) = Icsns / Csrx - | LoAD_ERR_svs

18.  Minimum required value of OpenLoad impedance for detection of OpenLoad in OFF-state: 200 kQ.(VoLp(tHrEes) = VHs @ loLp(oFF))

06XS4200

13 NXP Semiconductors



Table 4. Static electrical characteristics (continued)

Unless specified otherwise: 8.0 V< Vpyr<36V,3.0V<Vpp<55V,-40°C <Tp £125°C, GND =0 V. Typical values are average
values evaluated under nominal conditions Ty = 25 °C, Vpyr =28 V and Vpp = 5.0 V, unless specified otherwise.

Parameter Symbol Min. Typ. Max. Unit
ELECTRICAL CHARACTERISTICS OF THE OUTPUT STAGE (HS0 AND HS1) (CONTINUED)
Openload detection current threshold in ON state (see Openload detection in loLD(ON) mA
ON state (OL_ON)):
CSNS_ratio bit=0
06XS4200 200.0 500.0 999.9
06XS4200B 135.0 500.0 999.9
CSNS_ratio bit = 1 (fast slew rate SR[1:0] = 10 mandatory for this function) 5.0 7.0 10
Time period of the periodically activated openload in ON state detection for toLLED 105 150 195 ms
CSNS_ratio bit =1
Output shorted-to-Vpy detection voltage threshold (channel in OFF state) VOSD(THRES) Vewr-1.2 | Vpwr-0.8 | Vpyr-0.4
Switch turn-on threshold for negative output voltages (protects against Ver
negative transients) - (measured at Igyt = 100 mA, channel in OFF state)
06XS4200 -35 - -24
06XS4200B -38 - -32
Switch turn-on threshold for negative output voltages difference from one AV
channel to the other in parallel mode - (measured at Igyt = 100 mA, channel 20 _ +2.0 v
in OFF state)
Switching state (ON/OFF) discrimination thresholds VHs TH 0.45*Vpwr | 0.5*Vpywr | 0.55*VppwRr \Y
Shutdown temperature (Power MOSFET junction; 6.0 V < Vpyr < 58 V) Tsp 160 175 190 °C
ELECTRICAL CHARACTERISTICS OF THE CONTROL INTERFACE PINS
Logic input voltage, High(1®) ViH 2.0 - 5.5
Logic input voltage, Low('®) Vi 0.3 - 0.8
Wake-up threshold voltage (IN[0:1] and RSTB)(2®) ViwAKE 1.0 - 2.2 v
Internal pull-down current source (on Inputs: CLOCK, SCLK and SI)(21) IDwWN 5.0 - 20 uA
Internal pull-up current source (input CSB)(ZZ) lup_csB 5.0 - 20 A
Internal pull-up current source (input CONF[0:1])(23) lUP CONF 25 - 100 pA
Capacitance of SO, FSB and FSOB pins in tri-state Cso - - 20 pF
Internal pull-down resistance (RSTB and IN[0:1]) Rpwn 125 250 500 kQ
Input capacitance®4) Cin - 4.0 12 pF

Notes

19. High and low voltage ranges apply to SI, CSB, SCLK, RSTB, IN[0:1] and CLOCK input signals. The IN[0:1] signals may be derived from Vpyr
and can tolerate voltages up to 58 V.

20. Voltage above which the device wakes up

21. Valid for VSl >0.8Vand VSCLK >0.8Vand VCLOCK >0.8V.

22. Valid for Vggg < 2.0 V. CSB has an internal pull-up current source derived from Vpp

23. Pins CONFJ[0:1] are connected to an internal current source, derived from an internal voltage regulator (Vggg ~ 3.0 V).

24. Input capacitance of SI, CSB, SCLK, RSTB, IN[0:1], CONF[0:1], and CLOCK pins. This parameter is guaranteed by the manufacturing process
but is not tested in production.

06XS4200
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Table 4. Static electrical characteristics (continued)

Unless specified otherwise: 8.0 V < Vpyyr <36V, 3.0V <Vpp<5.5V,-40°C <Tp <125°C, GND = 0 V. Typical values are average
values evaluated under nominal conditions Ty = 25 °C, Vpyr =28 V and Vpp = 5.0 V, unless specified otherwise.

Parameter Symbol Min. Typ. Max. Unit

ELECTRICAL CHARACTERISTICS OF THE CONTROL INTERFACE PINS (CONTINUED)

SO high-state output voltage VsoH \Y
(lon=1.0mA) Vpp-0.4 - -

SYNC, SO, FSOB and FSB low-state output voltage VsoL \Y
(loL =-1.0 mA) - - 0.4

SYNC, SO, CSNS, FSOB and FSB tri-state leakage current: lso(LEAK) uA

(0 V<V(SO) < Vpp, or V(FS) or V(SYNC) = 5.5V, or V(FSO) = 36 V or -2.0 0 2.0
V(CSNS)=0V)

CONF[0:1]: required values of the external pull-down resistor RconF kQ
Lighting applications 1.0 - 10
DC motor applications 50 - Infinite

4.3 Dynamic electrical characteristics

Table 5. Dynamic electrical characteristics

Unless specified otherwise: 8.0 V< Vpyyr <36 V,3.0 V< Vpp <5.5V,-40°C <Tp <125 °C, GND = 0 V. Typical values are average
values evaluated under nominal conditions Ty =25 °C,Vpyyr =28 V and Vpp = 5.0V, unless specified otherwise.

Parameter Symbol ‘ Min. | Typ. ‘ Max. ‘ Unit ‘
OUTPUT VOLTAGE SWITCHING CHARACTERISTICS
Rising and falling edge medium slew rate (SR[1:0] = 00)() SRR 00 Vius
* Vewr =16V SRE oo 0.164 - 0.65
* Vpwr =28V 0.28 - 0.79
* Vpwr =36V 0.34 - 0.90
Rising edge low slew rate (SR[1:0] = 01)(?) SRR o1 Vius
* Vewr =16V SRE o1 0.081 - 0.32
* Vewr =28V 0.14 - 0.395
* Vpwr =36V 017 - 0.45
Rising edge high slew rate / SR[1:0] = 10)@®) SRR 10 Vius
* Vpwr =16V SRE 10 0.29 - 1.30
* Vpwr =28V 0.55 - 1.58
* Vpwr =36V 0.68 - 1.80
Rising/Falling edge slew rate matching per channel SRR/SRg
16V <Vpyr<36V 0.75 - 1.2
Edge slew rate difference from one channel to the other in parallel mode(2®) ASR
16V<VPWR<36V V/]J,S
« SR[1:0] = 00 0.1 0.0 +0.1
* SR[1:0] = 01 -0.06 0.0 +0.06
* SR{1:01=10 -0.14 0.0 +0.14
Output Turn-ON and Turn-OFF Delays (medium slew rate: SR[1:0] = 00)(26) toLy 0o us
16 V < Vpyr < 36 V 39 - 145

06XS4200
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Table 5. Dynamic electrical characteristics (continued)

Unless specified otherwise: 8.0 V < Vpyr <36 V,3.0V<Vpp <55V,-40°C <Tp <125°C, GND =0 V. Typical values are average

values evaluated under nominal conditions Ty =25 °C,Vpyyr =28 V and Vpp = 5.0V, unless specified otherwise.

Parameter Symbol Min. Typ. Max. Unit
Output turn-on and turn-off delays (low slew rate / SR[1:0] = 01)%6) toLy o1 us
16V <Vppyr<36V 50 - 280
Output turn-on and turn-off delays (high slew rate / SR[1:0] = 10)(%6) toLy 10 us
16V <Vppyr<36V 22 - 80
Turn-on and turn-off delay time matching per channel (tp_y(on) - toLy(oFF)) AtRr 00 us
fpwm =400 Hz, 16 V < Vpyr < 36 V, duty cycle on IN[x] = 50 %, SR[1:0] = 00 -25 0.0 25
Turn-on and turn-off delay time matching per channel (tp_y(on) - toLy(oFF)) AtRF 01 us
fpwm = 200 Hz, 16 V < Vpyyr < 36V, duty cycle on IN[x] = 50 %, SR[1:0] = 01
» 06XS4200 -60 0.0 60
« 06XS4200B -90 0.0 90

Notes

25. Rising and Falling edge slew rates specified for a 20% to 80% voltage variation on a 10.0 Q resistive load (see Figure 4).

26. Turn-on delay time measured as delay between a rising edge of the channel control signal (IN[0:1] = 1) and the associated rising edge of the
output voltage up to: Viygpo. 1= Vpwr / 2 (Where R = 5.0 Q). Turn-OFF delay time is measured as time between a falling edge of the channel

control signal (IN[0:1] = 0) and the associated falling edge of the output voltage up to the instant at which: Vygo. 1= Vpwr / 2 (RL = 10.0 Ohm).

06XS4200
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Table 5. Dynamic electrical characteristics (continued)

Unless specified otherwise: 8.0 V< Vpyyr <36 V,3.0V<Vpp <5.5V,-40°C <Tp <125 °C, GND =0 V. Typical values are average
values evaluated under nominal conditions Ty =25 °C,Vpyyr =28 V and Vpp = 5.0V, unless specified otherwise.

Parameter Symbol ‘ Min. | Typ. l Max. l Unit ‘
SWITCHING CHARACTERISTICS (CONTINUED)
Turn-on and turn-off delay time matching per channel (tpy(on) - toLy(oFF)) AtRr 10 us
fpwm = 1.0kHz, 16 V < Vpyr <36 V, duty cycle on IN[x] = 50 %, SR[1:0] = 10 -13 0.0 13
Delay time difference from one channel to the other in parallel mode(?”) Atpry)
16V <Vpyr <36V us
SR[1:0] = 00 -21 0.0 21
+ 06XS4200 -25 0.0 25
+ 06XS4200B
SR[1:0] = 01 -41 0.0 41
! oexs42003 | 00 | e
SR[1:0] = 10 -12 0.0 12
Fault detection delay time(2®) trAULT - 5.0 8.0 us
Output shutdown delay time(?%) tbETECT - 12.0 17 us
Current sense output settling time for SR[1:0] = 00 (medium slew rate) (30) tcsnsvAL 00 us
16V <Vpyr <36V 0.0 - 200
Current sense output settling time for SR[1:0] = 01(low slew rate)0) tcSNSVAL 01 us
16V <Vppyr <36V 0.0 - 315
Current sense output settling time for SR[1:0] = 10 (high slew rate)®%) tesNSVAL 10 us
16V <Vpyr <36V 0.0 - 165
SYNC output signal delay for SR[1:0] = 00 (medium SR) G%) tSYNGVAL 00 us
06XS4200 46 - 155
06XS4200B 50 - 160
SYNC output signal delay for SR[1:0] = 01 (low SR)?) tSYNCVAL 01 us
06XS4200 55 - 280
06XS4200B 80 - 320
SYNC output signal delay for SR[1:0] = 10 (high SR) 0 tsYNGVAL 10 22 - 80 us
Recommended sync_to_read delay SR[1:0] = 00 (medium slew rate) 30 tSYNREAD_OO 0.0 - 200 us
Recommended sync_to_read delay SR[1:0] = 01 (low slew rate) (0 tSYNREAD701 0.0 - 200 us
Recommended sync_to_read delay SR[1:0] = 10 (high slew rate) ¥ tSYNREAD_10 0.0 - 200 us
Upper overcurrent threshold duration tocH1 ) 6.0 8.6 11.2 ms
tocHz 12.0 17.2 224

Notes:
27. Rising and Falling edge slew rates specified for a 20 % to 80 % voltage variation on a 10.0 Q resistive load (see Figure 4).
28. Time required to detect and report the fault to the FSB pin.
29. Time required to switch off the channel after detection of overtemperature (OT), overcurrent (OC), SC or UV error (time measured between start
of the negative edge on the FSB pin and the falling edge on the output voltage until V(HS[0:1)) = 50% of Vpwr
30. Settling time ( = tcgnsvaL xx)» SYNC output signal delay ( = tgyncvaL xx) and Read-out delay ( = tsynreap xx) are defined for a stepped load

current (100 mA< [(LOAD)<IOCLx A FOR CSNS_RATIO_S = 1, AND 300 mA< |(LOAD)<IOCLx A_0 FOR CSNS_RATIO_S = 0). (see Figure 9 and
Output current monitoring (CSNS)).

06XS4200
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Table 5. Dynamic electrical characteristics (continued)

Unless specified otherwise: 8.0 V < Vpyr <36 V,3.0V<Vpp <55V,-40°C <Tp <125°C, GND =0 V. Typical values are average

values evaluated under nominal conditions Ty =25 °C,Vpyyr =28 V and Vpp = 5.0V, unless specified otherwise.

Parameter Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘

SWITCHING CHARACTERISTICS (CONTINUED)

Medium overcurrent threshold duration (CONF = 0; Lighting profile) tocm1 L 48 67 87 ms
tocm2 L 96 137 178

Medium overcurrent threshold duration (CONF = 1; DC motor profile) tOCM1_M 150 214 278 ms
tocmz2_m 301 429 557

FREQUENCY AND PWM DUTY CYCLE RANGES ©")(protections fully operational, see Protective functions)

Switching frequency range - direct inputs fcoNTROL 0.0 - 1000 Hz

Switching frequency range - external clock with internal PWM (recommended) fowm EXT 20 - 1000 Hz

Switching frequency range - internal clock with internal PWM (recommended) fPWM__lNT 60 - 1000 Hz

Duty cycle range RconTROL 0.0 - 100 %

Notes:

31. In Direct Input mode, the lower frequency limit is 0 Hz with RSTB = 5.0 V and 4.0 Hz with RSTB = 0 V. Duty-cycle applies to instants at which
Vys =50 % Vpyr. For low duty-cycle values, the effective value also depends on the value of the selected slew rate.

06XS4200
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Table 5. Dynamic electrical characteristics (continued)

Unless specified otherwise: 8.0 V< Vpyyr <36 V,3.0V<Vpp <5.5V,-40°C <Tp <125 °C, GND =0 V. Typical values are average
values evaluated under nominal conditions Ty =25 °C,Vpyyr =28 V and Vpp = 5.0V, unless specified otherwise.

Parameter Symbol ‘ Min. | Typ. l Max. l Unit ‘

AVAILABILITY DIAGNOSTIC FUNCTIONS FOR CSR0 OVER DUTY CYCLE AND SWITCHING FREQUENCY
(PROTECTIONS AND DIAGNOSTICS BOTH FULLY OPERATIONAL, SEE Diagnostic features FOR THE EXACT BOUNDARY VALUES)

Available duty cycle range, fpyy = 1.0 kHz high slew rate, PWM mode(32) RpwM 1K H %
- OL_OFF o 0.0 - 62
+ OL_ON
. 08 35 - 100
0.0 - 90
Available duty cycle range, fpyyy = 400 Hz, medium slew rate, PWM mode(32) RpwM 400 M %
- OL_OFF - 0.0 - 81
+ OL_ON
+ OS 21 - 100
0.0 - 88
Available duty cycle range, fpyyy = 400 Hz, high slew rate, PWM mode(®2) RpwM 400 H %
- OL_OFF - 0.0 - 84
+ OL_ON
. 0OS 14 - 100
0.0 - 95
Available duty cycle range, foyyym = 200 Hz, low slew rate mode, PWM mode(32) RpwM 200 L %
- OL_OFF - 0.0 - 86
*+ OL_ON
+ OS 15 - 100
0.0 - 93
Available duty cycle Range, foyyy = 200 Hz, medium slew rate, PWM mode(%?) RpwM 200 M %
- OL_OFF - 0.0 - )
*+ OL_ON
. 08 1" - 100
0.0 - 94
Available duty cycle range, fpyyy = 100 Hz in low slew rate, PWM mode(®2) RpwM 100 L %
- OL_OFF - 0.0 - 93
*+ OL_ON
. 08 8.0 - 100
0.0 - 96
Deviation of the internal clock PWM frequency after calibration(3) AEPWM(CAL) -10 - +10 %
Default output frequency when using an uncalibrated oscillator fPwm(0) 280 400 520 Hz
Minimal required low time during calibration of the internal clock through CSB tesaMIng 1.0 1.5 2.0 us
Maximal allowed low time during calibration of the internal clock through CSB tcsaMAx) 70 100 130 us
Recommended external clock frequency range (external clock/PWM module) foLock 15 - 512 kHz
Upper detection threshold for external clock frequency monitoring feLockMax) 512 730 930 kHz
Lower detection threshold for external clock frequency monitoring fCLOCK(MlN) 5.0 7.0 10 kHz

Notes

32. Actually, the device can be operated outside the specified duty cycle and frequency ranges (basic protective functions OC, SC, UV, OV, OT remain
active) but the availability of the diagnostic functions OL_ON, OL_OFF, OS is affected.
33. Values guaranteed from 60 Hz to 1.0 kHz (recommended switching frequency range for internal clock operation).

06XS4200
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Table 5. Dynamic electrical characteristics (continued)

Unless specified otherwise: 8.0 V < Vpyr <36 V,3.0V<Vpp <55V,-40°C <Tp <125°C, GND =0 V. Typical values are average

values evaluated under nominal conditions Ty =25 °C,Vpyyr =28 V and Vpp = 5.0V, unless specified otherwise.

Parameter Symbol | Min. l Typ. ‘ Max. ‘ Unit ‘
TIMING: SPI PORT, IN[0]/ IN[1] SIGNALS AND AUTORETRY
Required low time allowing delatching or triggering sleep mode (direct input mode) tN 175 250 325 ms
Watchdog timeout for entering Fail-safe mode due to loss of SPI contact(34) twpTo 217 310 400 ms
Auto-retry repetition period (when activated): ms
Auto_period bits = 00 tauto_ oo 105 150 195
Auto_period bits = 01 tauTo 01 52.5 75 97.5
Auto_period bits = 10 tauto 10 26.2 37.5 47.8
Auto_period bits = 11 tauTo 11 131 17.7 24.4
GND PIN TEMPERATURE SENSING FUNCTION
Thermal prewarning detection threshold(®) ToTwar 110 125 140 °C
Temperature sensing output voltage @ Tp = 25 °C (470 Q < Rggns < 10 k) Treep 918 1078 1238 mV
Gain temperature sensing output @ Ta = 25 °C (470 Q < Rggns < 10 k@) DTreep 10.7 111 11.5 mV/°C
Temperature sensing error, range [-40 °C, 150 °C], default®®) TFEED_ERROR -15 - +15 °C
Temperature sensing error, [-40 °C, 150 °C] after 1 point calibration @ 25 °c(35) TFEED_ERROR_CAL 5.0 — +5.0 °C
Notes
34. Only when the WD_dis bit set to logic [0] (default). Watchdog timeout defined from the rising edge on RST to rising edge HS[0,1]
35. Values were obtained by lab characterization.
06XS4200
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Table 5. Dynamic electrical characteristics (continued)

Unless specified otherwise: 8.0 V< Vpyyr <36 V,3.0V<Vpp <5.5V,-40°C <Tp <125 °C, GND =0 V. Typical values are average

values evaluated under nominal conditions Ty =25 °C,Vpyyr =28 V and Vpp = 5.0V, unless specified otherwise.

Parameter Symbol ‘ Min. | Typ. l Max. l Unit ‘
SPI INTERFACE ELECTRICAL CHARACTERISTICS(®6)
Maximum operating frequency of the Serial Peripheral Interface (SPI)(37) fsp - 8.0 MHz
Required low-state duration for reset RSTB(%%) twrsTB 10 - us
Required duration from the rising to the falling edge of CSB (required setup time)(39) tcse 1.0 - us
Rising edge of RSTB to falling edge of CSB (required setup time)©) teENBL 5.0 - us
Falling edge of CSB to rising edge of SCLK (required setup time)3%) tLEAD 500 - ns
Falling edge of SCLK to rising edge of CSB (required setup lag time)(39) tLac 60 - ns
Required high-state duration of SCLK (required setup time)®) twscLkn 50 - ns
Required low-state duration of SCLK (required setup time)(sg) twscLki 50 - ns
Sl to falling edge of SCLK (required setup time)(‘w) tS|(SU) 15 - ns
Falling edge of SCLK to Sl (required hold time of the Sl signal)(“o) tSI(H) 30 - ns
SO rise time trso - 20 ns
C_ =80 pF
SO fall time trso - 20 ns
C_ =80 pF
S, CSB, SCLK, max. rise time allowing operation at fgp| = 8.0 MHz(*0) trs) - 11 ns
Sl, CSB, SCLK, max. fall time allowing operation at fgp; = 8.0 MHz(40) trg - 11 ns
Time from rising edge of SCLK to reach a valid level at the SO pin*? tyaLD - 44 ns
Time from falling edge of CSB to reach low-impedance on SO (access time)(42) tsoen - 30 ns
Time from rising edge of CSB to reach high-impedance on SO pin (turn off time) tsopis 30 ns

Notes:

36. Parameters guaranteed by design. It is recommended to tie unused SPI-pins to GND by resistors 1.0 k <R <10 k

37. Forclock frequencies > 4.0 MHz, series resistors on the SPI pins should preferably be removed. Otherwise, 470 pF (Vyax > 40 V) ceramic speed-

up capacitors in parallel with the >8.0 kQ input resistors are required on pins SCLK, SI, SO, CS

38. RSTB low duration is defined as the minimum time required to switch off the channel when previously put ON in SPI mode (direct inputs inactive).

39. Minimum setup time required for the device is the minimum required time that the microcontroller must wait or remain in a given state.

40. Rise and fall time of incoming SI, CSB, and SCLK signals.

41. Time required for output data to be available for use at SO, measured with a 80 pF capacitive load.
42. Time required for output data to be terminated at SO measured without a series resistor connected CSB.
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44 Timing diagrams
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Figure 4. Output voltage slew rate and delay

Bulb profile: CONFs = 0 (V (pin 5/6) < 0.8 V).
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Figure 5. Overcurrent protection profile for bulb applications
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Inductive Load profile:

CONFs = 1 (V (pin 5/6) > 2.0 V)
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Figure 6. Overcurrent protection profile for applications with inductive loads (DC motors, solenoids)
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Figure 7. Timing requirements during SPI communication
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Figure 8. Timing diagram for serial output (SO) data communication
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Figure 9. Synchronous and Track & Hold current sensing modes: associated delay and settling times
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5 Functional description

5.1 Introduction

The 06XS4200 is a two-channel, 24 V high-side switch with integrated control and diagnostics designed for truck, bus, and industrial
applications. The device provides a high number of protective functions. Both low Rps(on) channels (< 6.0 mOhm) can independently drive
various load types like light bulbs, solenoid actuators, or DC motors. Device control and diagnostics are configured through a 16-bit SPI
port with daisy chain capability.

Independently programmable output voltage slew rates allow satisfying electromagnetic compatibility (EMC) requirements.

Both channels can independently be operated in several different switching modes: internal clock, internal PWM mode (fully
autonomous operation), external clock, and direct control switching mode.

Current sensing with an adjustable ratio is available on both channels, allowing both high-current (bulbs) and low-current (LED)
monitoring. By activating the Track & Hold mode, current monitoring can be performed during the switch-Off phase. This allows random
access to the current sense functionality. A patented offset compensation technique further enhances current sense accuracy.

To avoid turning off during inrush current, while being able to monitor it, the device features a dynamic overcurrent threshold profile.
For bulbs, this profile is a stair function with stages of which the height and width are programmable through the SPI port. DC motors can
be protected from overheating by activating a specific window-shaped overcurrent profile that allows stall currents of limited duration.

Whenever communication with the external micro-controller is lost, the device enters Fail-safe Operation mode, but remains
operational, controllable and protected.

5.2 Pin assignment and functions

Functions and register bits that are implemented independently for both channels have extension “_s”. Max. ratings of the pins are
given in Table 3.

5.2.1  Output current monitoring (CSNS)

The CSNS pin allows independent current monitoring of channel 0 or channel 1 up to the steady-state overcurrent threshold. It can also
be used to sense the device temperature. The different functions are selected by setting bits CSNS1_en and CSNSO0_en to the appropriate
value (Table 12). When the CSNS pin is sensed during switch-off in the (optional) Track & Hold mode, it outputs the scaled value of the
load current as it was just before turn-Off. When several devices share the same pull-down resistor, the CSNS pins of unused devices
must be tri-stated. This is accomplished by setting CSNS0_en = 0 and CSNS1_en = 0 in the GCR register. Settling time (tcsnsvaL xx) is
defined as the time between the instant at the middle of the output voltage’s rising edge (HS[0:1] = 50% of Vpwr), and the instant at which
the voltage on the CSNS-pin has settled to +5.0% of its final value. Anytime an overcurrent window is active, the CSNS pin is disabled
(see Overcurrent detection on resistive and inductive loads). The current and temperature sensing functions are unavailable in Fail-safe
mode and in Normal mode when operating without the Vpp supply voltage. In order to generate a voltage output, a pull-down resistor is
required (R(CSNS) = 1.0 kOhm typ. and 470 < R(CSNS) < 10 k). When the current sense resistor connected to the CSNS pin is
disconnected, the CSNS voltage is clamped to V¢ (csns)- The CSNS pin can source currents up to about 5.6 mA.

5.2.2 Current sense synchronization (SYNC)

To synchronize current sensing with an external process, the SYNC signal can be connected to a digital input of an external MCU.
SYNC is asserted logic low when the current sense signal is accurate and ready to be read. The current sense signal on the CSNS pin
has the specified accuracy tsynreap xx seconds after the falling edge on the SYNC pin (Eigure 9) and remains valid until a rising edge
is generated. The rising edge that is generated by the SYNC pin at the turn-OFF instant (internal or external) may also be used to
implement synchronization with the external MCU. Parameter tgyncvaL xx is defined as the time between the instant at the middle of the
output-voltage rising edge (HS[0:1] = 50% of Vpyr), and the instant at which the voltage on the SYNC-pin drops below 0.4 V (Vg ). The
SYNC pins of different devices can be connected together to save micro-controller input channels. However, in this configuration, the
CSNS function of only one device should be active at a time. Otherwise, the MCU does not determine the origin of the SYNC signal. The
SYNC pin is open drain and requires an external pull-up resistor to Vpp.
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5.2.3 Direct control inputs (INO and IN1)

The IN[0:1] pins allow direct control of both channels. A logic [0] level turns off the channel and a logic[1] level turns it on (Channel
control in Normal mode). When the device is in Sleep mode, a transition from logic 0 to logic 1 on any of these pins wake it up (Sleep
mode). If it is desired to automatically turn on the channels after a transition to Fail-safe mode, inputs IN[0] and IN[1] must be externally
connected to the VPWR pin by a pull-up resistor (e.g. 10 kOhm typ.). However, this prevents the device from going into Sleep mode. Both
IN pins are internally connected to a pull-down resistor.

5.24 Configuration inputs (CONF0 and CONF1)

The CONF[0:1] input pins allow configuring both channels for the appropriate load type. CONF = 0 activates the bulb overcurrent
protection profile, and CONF = 1 the DC motor profile. These inputs are connected to an internal voltage regulator of 3.3 V by an internal
pull-up current source | yp. Therefore, CONF = 1 is the default value when these pins are disconnected. Details on how to configure the
channels are given in the table Overcurrent Profile Selection.

5.2.5 Fault Status (FSB)

This open-drain output is asserted low when any of the following faults occurs (see Fault mode): overcurrent (OC), overtemperature
(OT), Output connected to Vpyr, Severe short-circuit (SC), Openload in ON state (OL_ON), Openload in OFF state (OL_OFF), External
Clock-fail (CLOCK _fail), overvoltage (OV), and undervoltage (UV). Each fault type has its own assigned bit inside the STATR, FAULTR _s,
or DIAGR _s register. Fault type identification and fault bit reset are accomplished by reading out these registers. They are part of the SO
register (Table 13) and are accessed through the SPI port.

5.2.6 Pwm clock (CLOCK)

This pin is the input for an external clock signal that controls the internal PWM module.The clock signal is monitored by the device. The
PWM module controls ON-time and turn-ON delay of the selected channels. The CLOCK pin should not be confused with the SCLK pin,
which is the clock pin of the SPI interface. CLOCK has an internal pull-down current source (Ipyyyn) to GND.

5.2.7 Reset (RSTB)

All SPI register contents are reset when RSTB = 0. When RSTB = 0, the device returns to Sleep mode t\ sec. after the last falling edge
of the last active IN[0:1] signal. As long as the Reset input (RSTB pin) is at logic 0 and both direct input states are low, the device remains
in Sleep mode (Channel configuration through the SPI). A 0-to-1 transition on RSTB wakes up the device and starts a watchdog timer to
check the continuous presence of the SPI signals. To do this, the device monitors the contents of the first bit (WDIN bit) of all SPI words
following that transition (regardless the register it is contained in). When this contents is not alternated within a duration typto, SPI
communication is considered lost, and Fail-safe mode is entered (Entering Fail-safe mode). RSTB is internally pulled-down to GND by
resistor Rpwn-

5.2.8 Chip select (CSB)

Data communication over the SPI port is enabled when the CSB pin is in the logic [0] state. Data from the Input Shift registers are locked
in the addressed Sl registers on the rising edge of CSB. The device transfers the contents of one of the 8 internal registers to the SO
register on the falling edge of CSB. The SO output driver is enabled when CSB is logic [0]. CSB should transition from a logic [1] to a
logic [0] state only when SCLK is at logic [0] (Eigure 7 and Figure 8). CSB is internally pulled up to Vpp through Ip.

5.2.9  SPI serial clock (SCLK)

The SCLK pin clocks the SPI data communication of the device. The serial input pin (Sl) transfers data to the Sl shift registers on the
falling edge of the SCLK signal while data in the SO registers are transferred to the SO pin on the rising edge of the SCLK signal. The
SCLK pin must be in the low state when CSB makes any transition. For this reason, itis recommended to have the SCLK pin in the logic [0]
state when the device is not accessed (CSB is at logic [1]). When CSB is set to logic [1], signals at the SCLK and Sl pins are ignored and
the SO output is tri-stated (high-impedance). The SCLK pin is connected to an internal pull-down current source Ipyy-

06XS4200

NXP Semiconductors 26



5.2.10 Serial input (Sl)

Serial input (Sl) data bits are shifted in at this pin. Sl data is read on the falling edge of SCLK. 16-bit data packages are required on the
Sl pin (see Figure 7), starting with bit D15 (MSB) and ending with DO (LSB). All the internal device registers are addressed and controlled
by a 4-bit address (D9-D12) described in Table 11. Register addresses and function attribution are described in Table 12. The Sl pin is
internally connected to a pull-down current source, Ipyn-

5.2.11 Supply of the digital circuitry (VDD)

This pin supplies the SPI circuit (3.3 V or 5.0 V). When lost, all circuitry becomes supplied by a Vpyyr derived voltage, except the SPI's
SO shift-register that can no longer be read.

5.2.12 Ground (GND)

This is the GND pin common for both the SPI and the other circuitry.

5.2.13 Positive supply pin (VPWR)

This pin is the positive supply and the common input pin of both switches. A 100 nF ceramic capacitor must be connected between
VPWR and GND, close to the device. In addition, it is recommended to put a ceramic capacitor of at least 1.0 uF in parallel with this 100 nF
capacitor.

5.2.14 Serial output (SO)

The SO pin is a tri-stateable output pin that conveys data from one of the 13 internal SO registers or from the previous Sl register to
the outside world. The SO pin remains in a high-impedance state (tri-state) until the CSB pin becomes logic [0]. It then transfers the SPI
data (device state, configuration, fault information). The SO pin changes state at the rising edge of the SCLK signal. For daisy-chaining,
it can be read out on the falling edge of SCLK. Vpp must be present before the SO registers can be read. The SO register assignment is
described in Table 13.

5.2.15 Power switch output pins (HS0 and HS1)

HSO0 and HS1 are the output pins of the power switches, to be connected to the loads. A ceramic capacitor (< = 22 nF (+/- 20%) is
recommended between these pins and GND for optimal EMC performances.

5.2.16 Fail-safe output (FSOB)

This pin (active low) is used to indicate loss of SPI communication or loss of SPI supply voltage, Vpp This open-drain output requires
an external pull-up resistor to VPWR.
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5.3 Functional internal block description

SELF-
PROTECTED
High-side
McU % MCU INTERFACE and SWITCHES
INTERFAC OUTPUT CONTROL
HS0-HS1
SPI INTERFACE

PARALLEL CONTROL
INPUTS

PWM CONTROLLER

Figure 10. Internal block description

5.3.1  Power supply

The device operates with supply voltages from 6.0 to 58 V (VpyR), but is full spec. compliant between 8.0 and 36 V. The VPWR pin
supplies power to the internal regulator, analog, and logic circuit blocks. The VDD pin (5.0 V typ.) supplies the output register of the Serial
Peripheral Interface (SPI). Consequently, the SPI registers cannot be read without presence of Vpp. The employed IC architecture
guarantees a low quiescent current in Sleep mode.

5.3.2 Switch output pins HS0 and HS1

HSO0 and HS1 are the output pins of the power switches. Both channels are protected against various kinds of short-circuits and have
active clamp circuitry that may be activated when switching off inductive loads. Many protective and diagnostic functions are available.
For large inductive loads, it is recommended to use a freewheeling diode. The device can be configured to control the output switches in
parallel, which guarantees good switching synchronization.

5.3.3 Communication interface and device control

In Normal mode the output channels can either be controlled by the direct inputs or by the internal PWM module, which is configured
by the SPI register settings. For bidirectional SPI communication, Vpp has to be in the authorized range. Failure diagnostics and
configuration are also performed through the SPI port. The reported failure types are: Openload, short-circuit to battery, severe short-
circuit to ground, overcurrent, overtemperature, clock-fail, undervoltage, and overvoltage. The SPI port can be supplied either by a 5.0 V
or by a 3.3 V voltage supply. For direct input control, Vpp is not required.

A Pulse Width Modulation (PWM) circuit allows driving loads at frequencies up to 1.0 kHz from an external or an internal clock. SPI
communication is required to set these options.
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6 Functional device operation

6.1 Operation and operating modes

The device possesses two high-side switches (channels) each of which can be controlled independently. The device has four
fundamental operating modes: Sleep, Normal, Fail-safe, and Fault mode, as shown in Table 6.

Each channel can be controlled in three different ways in Normal mode: by a signal on the Direct Input pin, by an internal clock signal
(autonomous operation) or by an external clock signal. For bidirectional SPI communication, a second supply voltage is required
(Vpp = 5.0 V or 3.3 V). When only the direct inputs IN[x] are used, Vpp isn’t required.

6.1.1 Device start-up sequence

To put the device in a known configuration and guarantee predictable behavior, the device must undergo a wake-up sequence.
However, it should not be woken up earlier than the moment at which Vp\yr has exceeded its undervoltage threshold, Vpyr(UV), and
Vpp has exceeded its supply failure threshold, Vpp(FAIL). In applications using the SPI port, the device is typically put in wake mode by
setting RSTB = 1. Wake-up of applications with direct input control can be achieved by having signals IN_ON[0] = 1 or IN_ON[1] = 1 (see
Figure 11). After wake-up, all SPI register contents are reset (as defined in Table 12 and Table 13) and Normal mode is entered. All the
device functions are available 50 ys later (typically).

If the start-up sequence is not performed at device start-up, its configuration may be undetermined and correct operation is not
guaranteed. In situations where the above described start-up sequence can not be performed, it is recommended to generate a wake-up
event after the moment Vpyr has reached the undervoltage threshold.

6.1.2 Channel configuration through the SPI

6.1.2.1 Setting the channel configuration

The channel configuration is determined by the contents of the pulse-width (PWMR_s), the configuration (CONFR_s) and the
overcurrent (OCR_s) registers. They allow setting, among others, the following parameters: duty-cycle, delay, Slew Rate, PWM enable
(PWM _en), clock selection (CLOCK _sel), prescaler (PR), and direct_input disable (DIR_dis). Extension “_s” means that these registers
exist for each of both channels. Function assignment is described in detail in the section SI register addressing.

6.1.2.2 Reading back the channel’s status and settings

The channel’s global switching and operating states (ON/OFF, normal/fault) are all contained in the SO-STATR register (see Table 13).
The precise fault type can be found by reading out the FAULTR_s and STATR registers. The current channel settings (channel
configuration) can be known by reading the PWMR, CONF, OCR, RETRYR, GCR, and DIAG registers (see section Serial output register
assignment and further).

6.1.3 Normal mode

Normal mode (bit NM = 1) can be entered in two ways: either by driving the device through the direct inputs (IN[x]) or by establishing
SPI communication (requires RSTB = high). Bidirectional SPI communication additionally requires the presence of Vpp. To maintain the
device in Normal mode, communication must take place regularly (see Entering and maintaining Normal mode). The device is in Normal
mode (NM) when:

* Vpwr (and Vpp) are within the normal range and

* wake-up =1, and

« fail-safe = 0, and

» fault=0.

6.1.3.1 Channel control in Normal mode

In direct input mode, the channel’s switching state (ON/OFF) is controlled by the logic state of the direct input signal with the default
values (00) of turn-on delay and slew rate, specified in Table 5.
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In internal clock mode, the switching state is controlled by an internal clock signal (Internal clock and internal PWM (Clock_int_s
bit = 1)). Frequency, slew rate, duty-cycle, and turn-on delay are programmable independently for both channels.

In external clock mode, the frequency of the external clock controls the output's PWM frequency, but slew rate, duty cycle, and turn-on
delay are still programmable.

6.1.3.2 Factors determining the channel’s switching state

The switching state of a channel is defined by the instantaneous value of the output voltage. It is defined as “On” when the output
voltage V(HS[x]) > Vpwr /2 and “Off” when V(HS[x]) < Vpwr /2. The channel’s switching state should not be confused with the device’s
internal channel control state hson[x] (= High-side On). Signal hson[x] defines the targeted switching state of the channel (On/Off). It is
either controlled by the value of the direct input signal or by that of the internal/external clock signals combined with the SPI register
settings. The value of hson[x] is given by the following boolean expression:

hson[x] = [(IN[x] and DIR_dis[x]) or (On bit [x] and Duty_cycle[x] and PWM_en[x] = 1) or (On bit [x] and PWM_en[x] = 0)].

In this expression Duty_cycle[x] represents the value of the duty cycle, set by bits D7...D0 of the PWMR register (Table 7). The
channel’s actual switching state may differ from the control signal’s state in the following cases:

+ short circuits to GND, before automatic turn-Off (t < tpayLT)

+ short circuits to Vpyr When the channel is set to Off

* Vpwr < 13 V when Openload-in-Off-state detection is selected and the load is actually lost
 during the turn-on transition as long as V(HS[x])< Vpwr/2

 during the turn-off transition as long as V(HS[x]) > Vpwr/2

6.1.3.3 Entering and maintaining Normal mode

A 0-to-1 transition on RSTB, (when both Vpyyr and Vpp are present) or on any of both direct inputs IN[x] (when only supplied by Vpyr)
puts the device in Normal mode. If desired, the device can be operated in Normal mode without Vpp, but this requires that at least one of
both direct inputs be regularly turned on (Operation and operating modes). To maintain the device in Normal mode (NM), communication
must take place on a regular basis.

For SPI communication, the state of the WDIN bit must be alternated at least every 310 ms (typ.) (twpto), unless the WD_disable bit
is setto 1.

For direct input control, the timing requirements are shown in Figure 11. A signal called IN_ON[x] is not directly accessible to the user
but is used by the internal logic circuitry to determine the device state. When no activity is detected on a direct input pin (IN[x]) for a time
longer than ty = 250 ms (typ.), timeout is detected and IN_ON][x] goes low. When this occurs on both channels, Sleep mode is entered
(Sleep mode), provided reset = RSTB = 0

It enters Fail-safe mode in case of a timeout on SPI communication or when Vpp is lost after having been initially present (if this function
was previously enabled by setting: Vpp_raiL_gn bit = [1]). Setting watchdog disabled (WD_dis = 1, D4 of the GCR register) avoids
entering Fail-safe mode after watchdog timeout. Device behavior upon fault occurrence is explained in the paragraph on Faults (Fault
mode).

tin

INK | w<—>;

IN_ON[X] | |

Figure 11. Relation between signals IN(x) and IN_ON[x]

6.1.3.4 Direct control mode

When RSTB = 0 (and also in Fail-safe mode), the channels are merely controlled by the direct input pins IN[x]. All protective functions
(OC, OT, SC, OV, UV) are operational including auto-retry. To avoid entering Sleep mode at frequencies < 4.0 Hz, reset should be set to
RSTB = 1.

06XS4200

NXP Semiconductors 30



6.1.3.5 Going from Normal to Fail-safe, Fault or Sleep mode

The device changes from Normal to Fail-safe (Fail-safe mode), Sleep mode (Sleep mode), or Fault mode (Fault mode), according to
the value of the following signals (see Table 6).

» wake-up = RSTB or IN_ON[O0] or IN_ON[1]

« fail-safe = (Vpp Failure and Vpp_FAIL_en) or (SPI watchdog timeout (typto) and WD_dis = 0)

» fault = OC[0:1] or OT[0:1] or SC[0:1] or UV or (OV and OV_dis)

Table 6. Device operating modes

Mode |Wake-up ::;L' Fault |Comments

Sleep 0 X X All channels are OFF.
Normal 1 0 0 The SPI Watchdog is active when: VDD = 5.0 V, WD_dis = 0, RST =1
Fail-safe 1 1 0 The channels are controlled by the IN inputs. (see page 32)

Fault 1 X 1 The channels are OFF, see page 32

x = Don't care.

(fail-safe = 0) and (wake-up = 1) and (fault = 0)

(wake-up = 0)

(wake-up = 1) and
(fail-safe = 1)
and (fault = 0)

wake-up =0
(wake-up = 1) ( P=0)
and (fault = 1)

(fail-safe = 0) and
(wake-up = 1) and
(fault = 1)

(fail-safe = 1) and
(wake-up = 1)
and (fault =

(fail-safe = 0) and (wake-
up = 1) and (fault = 0)

(fail safe = 1) and
(wake-up = 1) and
(fault = 0)

(fail-safe = 0) and (wake-up = 1) and (fault = 0)

(fail-safe = 1) and (wake-up = 1) and (fault = 0)

Figure 12. Device operating modes

6.1.4 Sleep mode

In Sleep mode, the channels and the SPI interface are turned off to minimize current consumption.

The device enters Sleep mode (wake-up = 0) when both Direct Input pins IN(x) remain Off longer than ty sec. (when reset is active;
RSTB = 0). This is expressed as follows:

* Vpwr (and Vpp) are within the normal range, and

» wake-up = 0 (wake-up = RSTB or IN_ONIO0] or IN_ONI[1])

* and
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+ fail-safe = X and
« fault=X
When employed, Vpp must be kept in the normal range. Sleep mode is the default mode after the first application of the supply voltage

(VpwR), prior to any 1/0O communication (RSTB and the internal states IN_ON[0:1] are still at logic [0]). All SPI register contents remain in
their default state during sleep mode.

6.1.5 Fail-safe mode

6.1.5.1 Entering Fail-safe mode

Fail-safe mode is entered either upon loss of SPI communication or after loss of optional SPI supply voltage Vpp (VDD out of range).
The FSOB pin goes low and the channels are only controlled by the direct inputs (IN[0:1]). All protective functions remain fully operational.
Previously latched faults are delatched and SPI register contents is reset (except bits POR and PARALLEL). The SPI registers can not
be accessed. These conditions are also described by the following expressions:

* Vpwhr is within the normal voltage range, and

» wake-up =1, fault = 0, and

+ fail-safe = 1 ((Vpp Failure and Vpp_FAIL_en = 1 before) or ({(SPI)> typto and WD_dis = 0).

The last condition describes the loss of SPI communication which is detailed in the next section.

6.1.5.2 Watchdog on SPI communication and Fail-safe mode

When Vpp is present, the SPI watchdog timer is started upon a rising edge on the RSTB pin. Thereafter the device monitors the state
of the first bit (WDIN) of all received SPI words. When the state of this bit is not alternated at least once within a data stream of duration
twpto = 310 ms typ. the device considers that SPI communication has been lost and enters Fail-safe mode. This behavior can be
disabled by setting the bit WD_DIS = 1. The value of watchdog timeout is derived from an internal oscillator.

6.1.5.3 Returning from Fail-safe to Normal mode

To exit Fail-safe mode and return to normal mode again, first a SPI data word with its WDIN bit = 1 (D15) must be received by the
device (regardless the register it is contained in and regardless the values of the other bits in this register). Next, a second data word must
be received within the timeout period (tyypTo = 310 ms typ.) to be able to change any SPI register contents. Upon entering Normal mode,
the FSOB pin returns to logic high and previously set faults and SPI registers are reset, except bits POR, PARALLEL and fault bits of
latchable faults that had actually been latched.

6.1.6 Fault mode

The device enters Fault mode when any of the following faults occurs in Normal or Fail-safe mode:

» Overtemperature fault, (latchable fault)

» Overcurrent fault, (latchable fault)

» Severe short-circuit fault, (latchable fault)

+ Output shorted to Vpyr in OFF state (default: disabled)

» Openload fault in OFF state (default: disabled)

» Openload fault in ON state (default: disabled)

» External Clock Failure (default: enabled)

» Overvoltage fault (enabled by default)

» Undervoltage fault, (latchable fault)

The Fault Status pin (FSB) asserts a fault occurrence on any channel in real time (active low). Additionally, the assigned fault bit in the
STATR_s or FAULTR_s register is set to one. Conversely to the FSB pin, a fault bit remains set until the corresponding register is read,
even if the fault has disappeared. These bits can be read via the SO pin. Fault occurrence also results in a turn-off of the incurred channel,
except for the following faults: Openload (ON and OFF state), External Clock Failure and Output(s) shorted to Vpygr. Under and
Overvoltage occurrence causes simultaneous turn-off of both channels. Details on the device’s behavior after the occurrence of one of
the above faults can be found in Protection and diagnostic features.

Fault mode (Operation and operating modes) is entered when:

* Vpwr (+Vpp) were within the normal voltage range, and

» wake-up =1, and
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« fail-safe = X, and
» fault = 1 (see Going from Normal to Fail-safe, Fault or Sleep mode)

6.1.6.1 Resetting FAULT bits

Registers STATR s and FAULTR _s contain global and channel-specific fault information. Reading the register where the fault bit is
contained clears it, provided failure cause disappearance was detected and the fault wasn'’t latched.

6.1.6.2 Entering Fault mode from Fail-safe mode

When a Fault occurs in Fail-safe mode, the device is in Fault/Fail-safe mode and behaves according to the description of fault mode.
However, SPI registers remain reset and can not be accessed. Only the Direct Inputs control the channels.

6.1.6.3 Returning from Fault mode to Fail-safe mode

When disappearance of the fault previously produced in Fail-safe mode has been detected, the device returns to Fail-safe mode and
behaves accordingly. FSB goes high, but the auto-retry counter is not reset. Latched faults are not delatched. SPI registers remain reset.

6.1.7 Latchable faults

An auto-retry function (see Auto-retry) controls how the device responds to the so-called latchable faults. Latchable faults are:
overcurrent (OC), severe short-circuit (SC), overtemperature (OT), and undervoltage (UV). If a latchable fault occurs, the channel is turned
off, the FSB terminal goes low, and the assigned fault bit is set. These bits can not be reset before the next turn-on event is generated by
auto-retry. Next, the channel automatically turns on at a programmable interval (provided auto-retry was enabled and the channel wasn'’t
latched).

If the failure disappears prior to the expiration of the available amount of auto-retries, the FSB pin automatically returns to logic [1], but
the fault bit remains set. It can then still be reset by reading the SPI register it is contained in.
However, the fault actually gets latched if the failure cause hasn’t disappeared at the first turn-on event following expiration of the

available amount of auto-retries (see Auto-retry). In that case, the channel gets latched and the FSB terminal remains low. The fault bit
can not be reset by reading out the associated SPI register prior to performing a delatch sequence (Fault delatching).

6.1.7.1  Fault delatching

To delatch a latched channel and be able to turn it on again, a delatch sequence must be executed after disappearance of the failure
cause. Delatching also resets the fault bit of latched faults (see Resetting FAULT bits). To reset the FSB pin, both channels must be
delatched.

Delatching is achieved either by alternating the state of the channels’ fault control signal fc[x] (generating a 1_0_1 sequence), or by
resetting the auto-retry counter (provided retry is enabled). See Reset of the auto-retry counter. Delatching then actually occurs at the
rising edge of the turn-on event.

Signal fc[x] is an internal signal used by the device’s internal logic circuitry to control the diagnostic functions. The value of fc[x] depends
on the state of the variables IN_ON]x], DIR_dis[x] and ON[x] and is expressed as follows:

fc[x] = ((IN_ON[x] and DIR_dis[x] = 0) or ON[x] = 1)

Alternating the fc[x] signal is achieved differently according to the way the user controls the device.

* In direct-input controlled mode (DIR_dis_s = 0), the IN[x] pin must be set low, remain low for at least t;\ seconds, and set high again

(be switched On). This might happen automatically when operating at frequencies f<4.0 Hz.

* In SPI-controlled mode, the ON_bit state (D8 of the PWMR_s reg.) must be alternated (‘toggled’). No minimum OFF state duration is
required in this case.

Performing a delatch sequence anytime during an ongoing auto-retry sequence (before latching) allows turning the channel on
unconditionally.

When a Power-ON event occurs (see Loss of VPWR loss of VDD and power-on reset (POR)), latched channels are also delatched
and faults are reset.

When Fail-safe mode is entered (fault = 1, fail-safe becomes 1) during operating in Fault mode (fault = 1, failsafe = 0), previously latched
faults are delatched and SPI register content is reset (except bits POR and PARALLEL). The device is then in a combined Fail-safe/Fault
mode.

When the device was already in Fail-safe mode (fault = 1, failsafe = 1) and (new) faults occurs, the internal auto-retry counter does not
reset and latched channels do not delatch until a delatching sequence is performed (see Protection and diagnostic features).
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6.1.8 Programmable PWM module

Each channel has a fully independent PWM module activated by setting PWM_en_s. It modulates an internal or external clock signal.
Setting Clock_int_s = 1 (bit D6 of the OCR_s register) activates the internal clock, and setting Clock_int_s = 0 activates the external clock.
The duty cycle can be set in a range from 0% to 100% with 8 bit-resolution (Table 7) by setting bits D8...DO0 of the PWMR_s register
(Table 12). The channel’s switching frequency equals the clock frequency divided by 256 in internal clock mode, and by 256 or 512 in
external clock mode.

External Clock
Frequency Monitoring

—{ CLOCK_fail | [PWMR_s register |
[CLOCK sel x| [ PWM_en_x

cLock \ R
- R+ (1+PR.

PWM

Internal Mode

Oscillator LD HS_x q_.

S Driver

cs Internal Clock Block HSx
Calibration

IN_x

 —

Figure 13. Internal and external clock operation

Table 7. PWM duty cycle value assignment

ON-bit Duty cycle Channel configuration
0 X OFF
1 00000000 PWM (duty cycle = 1/256)
1 00000001 PWM (duty cycle = 2/256)
1 00000010 PWM (duty cycle = 3/256)
1 n PWM(duty cycle = (n+1)/256)
1 11111111 fully ON

By delaying the activation of one channel relative to the other (Table 8), switch-on surges can be delayed, which may improve EMC
performance. Switch-On delay can be selected among seven different values (default = 0) by setting bits D2...D0 of the CONFR_s register
(expressed as a number of ext./int. PWM clock periods). To start the PWM function at a known point in time, the PWM_en_s bit (D8 /D7
of the GCR reg.) must be set to 1 after having set the PWMR_s (duty cycle) and CONFR_s (delay) registers. The best way to improve
EMC is to use an external clock with a staggered switch on delay.

Table 8. Switch-on delay in PWM mode

Delay bits Switch-on delay

000 no delay

001 32 PWM clock periods
010 64 PWM clock periods
011 96 PWM clock periods
100 128 PWM clock periods
101 160 PWM clock periods
110 192 PWM clock periods
111 224 PWM clock periods

6.1.8.1 External clock and internal PWM (CLOCK_int_s = 0)

The channels can be controlled by an external clock signal by setting bit D6 = 0 of the OCR_s register (Clock_int_s). Duty cycle values
specified in Table 7 apply. When an external clock is used, the value of frequency division (256 when PR[x] = 0) may be doubled by
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setting the prescaler bit PR[x]) = 1(bit D7 of the OCR_s reg.). This allows driving the channels at different switching frequencies from a
single clock signal. Simultaneously setting PWM_en_1 = 1 and PWM_en_0 = 1 synchronizes the channels.

The clock frequency on the CLOCK pin is monitored when external clock (CLOCK _int_s = 0) and pulse width modulation
(PWM_en_s = 1) are both selected. If a clock failure occurs under these conditions (f< fc; ockLow) OF P feLockHigh)): the external clock
signal is ignored and a fault is detected (FSB = 0), the CLOCK _fail bit is set (OD2 in the DIAGR register). The state of the ON_s bit in the
SPI register then determines the channel’s switching state. To return to external clock mode (and reset FSB), the clock-fail bit must be
read and the external clock has to be within the authorized range again.

6.1.8.2 Internal clock and internal PWM (Clock_int_s bit = 1)

By using a reference time slot (usually available from an external microcontroller), the period of each of the internal PWM clocks can
be changed or calibrated (see Programmable PWM module). Calibration of the default period = 1/fpyyn(g) reduces its maximum variation
from about +/-30% to +/- 10%. The programming procedure is initialized by sending a dedicated word to the SI-CALR register (see
Table 12). Next, the device sets the new value of the switching period in 2 steps. First it measures the time elapsed between the first falling
edge on the CSB pin and the next rising edge on the CSB pin (tcsg). Then it changes the value of the internal clock period accordingly.
The actual value of the channel’s switching period is obtained by multiplying the internal clock period by 256.

css LI

]| o
CALR s S| command
- ignored |
|  tcss |
|,

Internal clock
period of channel s

Figure 14. Internal clock calibration

When the duration of the negative CSB pulse is outside a predefined time slot (from tcgpviny to tesmax)), the calibration event is
ignored and the internal clock frequency remains unchanged. If the value (prM(O)) has not been previously calibrated, it remains at its
default level.

6.1.8.3 Synchronization of both channels

When internal clock signals are used to drive the PWM modules, perfect synchronization over a long time can not be achieved since
both clock signals are independent. However, when the channels are driven by an external clock, perfect synchronization can be achieved
by simultaneously setting PWM_en_1 =1 and PWM_en_0 = 1. The best way to optimize EMC is to use an external clock with a staggered
switch on delay (see Table 8).

6.1.9 Parallel operation

The channels can be paralleled to drive higher currents. Setting the PARALLEL bit in the GCR register to logic [1] is mandatory in this
case. The improved synchronization of both transistors allows an equal current distribution between both channels. In parallel mode, both
output pins (HS[x]) must be connected (as well as both IN[x] pins in case of external control). CONFO and CONF1 must be set to equal
values.

1- Device configuration in Parallel mode:

There are two ways to configure the On/Off control: SPI-configured PWM control and Direct Input Control.
» SPI configured Parallel mode:

The switching configuration is solely defined by the (SI) PWMR_0, CONFR_0, OCR_0, and RETRY_O0 registers. As soon as PARALLEL
=1, the contents of the corresponding registers in bank 1 are replaced by that of bank 0, except bits D6-D8 of the CONFR_1 register
(configuration of the Open load/Output short-circuited diagnostics). After setting PARALLEL = 1, contents of SO registers in bank 0 are
copied to registers of bank 1 only when new information is written in them. Bits OD3, OD4, and OD5 of both FAULTR_s registers (OLON,
OLOFF, OS) are always reported independently.
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+ Direct Input controlled Parallel mode:
The INO and IN1 pins must be connected externally.

2- Diagnostics in Parallel mode:
The Diagnostics in Parallel mode operate as follows:
» Openload in OFF state and - Openload in ON state:

The OL_ON and OL_OFF bits of both FAULTR registers independently reports failures of the channels according to the settings of bits
D7 and D6 of the CONFR_s register.

» Current sensing:
Refer to the Table 23 for a description of the various current sensing modes.

Only the Current sense ratio of bank 0 (D5 of the OCR_O0 register) is considered. The corresponding bit in the OCR_1 register is copied
from that of the OCR_O register.

+ output shorted to battery:

The OS-bit (OD3) of each of both FAULT registers independently report this fault, according to the settings of bit D8 of the CONFR_s
reg.

3- Protections in Parallel mode:

» Overcurrent:
-Only the Configuration of overcurrent thresholds and blanking windows of channel 0 are considered.

-In case overcurrent (OC) occurs on any channel, both channels are turned-off. Regardless the order of occurrence of overcurrent (OC),
both OC-bits (ODO0) in the FAULT registers are simultaneously set to logic 1.

» severe short-circuit:

In case of SC detection on any channel, both channels are turned-off and the SC bits (OD1) in both FAULT registers are simultaneously
set to logic 1.

* overtemperature:

In case of OT detection on any channel, both channels are turned-off and both OT bits in the FAULT registers (OD2) are simultaneously
set to logic 1.
* auto-retry:

Only one 4-bit auto-retry counter specifies the number of successive turn-on events on paralleled channels (RETRYR_0). The counter
value in register RETRYR_1 (OD4...0D7) is copied from that in RETRYR_0.

To delatch the channels, only channel O needs to be delatched.

6.2 Protection and diagnostic features
6.2.1  Protective functions

6.2.1.1 Overtemperature fault (Latchable fault)

The channels have individual overtemperature detection. As soon as a channel’s junction temperature rises above Tgp (175 °C typ.),
it is turned OFF, the overtemperature bit (OT = OD2) is set, and FSB = 0. FSB can only be reset by turning ON the channel when the
junction temperature of both channels has dropped below the threshold: T; < Tgp. Overtemperature is detected in ON and in OFF state:
+ If the channel is ON, the associated output is switched OFF, the OT bit is set, and FSB = 0.

+ Ifthe channel is OFF: FSB goes to logic [0] and remain low until the temperature of both channels is below Tgp and any of the channels
is turned on again.

The auto-retry function (if activated) automatically turns on the channel when the junction temperature has dropped below Tgp. The
OT fault bit can only be reset by reading out the FAULTR register, provided that T; < Tgp and FSB = 1 again.

6.2.1.2 Overcurrent fault (Latchable fault)

When an overcurrent (OC) is detected, the channel is immediately turned Off (after tppy T S€conds). The OC-bit is set to 1 and FSB
becomes low [0]. Overcurrent is detected anytime the load current crosses an overcurrent threshold or exceeds the window width of the
selected overcurrent protection profile. This profile is a stair function with windows the height and width of which are preselected through
the SPI port. The maximum allowable value of the load current at a particular moment in time is defined by levels | ocyand | ooy and
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windows tocm x and tocn (programmable by SPI bits). The steady-state overcurrent protection level | oy is defined by the settings of
the OCL and HOCR bits. Anytime an overcurrent window is active, current sensing is blanked and SYNC becomes 1.

6.2.1.3 Overcurrent duration counter

The load current can spend only a defined amount of time in a particular window of the overcurrent profile. If the time in the window
exceeds the selected window width (tocx) or the overcurrent threshold is crossed, the channel is turned off (OC fault), followed by auto-
retry (if enabled). An internal overcurrent duration counter is employed for this function.

6.2.1.4 Overcurrent detection on resistive and inductive loads

According to the load type (resistive or inductive), one of two different overcurrent profiles should be selected. This is done by
connecting a resistor with the appropriate value between the CONF[0:1] pins and GND (Table 9).

Table 9. Overcurrent Profile Selection

CONF[0:1] Resistor/Voltage Type of Load
1.0 kOhm < R(CONF[x]) < resistive: CONF =0,
10 kOhm Lighting-Mode
or 0 < V(CONF[X) < VIL (0.8 V)
R(CONF[x]) > 50 kOhms inductive: CONF = 1,
or VIH (2.0 V)< V(CONF) < 5.0 V DC motor mode

When overcurrent windows are active, current sensing is disabled and the SYNCB pin remains high. This is illustrated by Figure 15.
After turn on, the output voltage (second waveform (20 V/div.) and the output current (first waveform, 12 A/div.) rise immediately, but the
current sense voltage (third waveform, 2.0 V/div, 1.0 V = 3.0 A) and its synchronization signal SYNC (fourth waveform, 5.0 V/div.) only
become active at the end of the selected overcurrent window (duration tocpmo )

Tek Prevu [
- 1A 10.4mV
tt_ocm2_L= | @: 12.4mv
~137ms typ. 1A 140ms
— ] @ -S60ms
Load current |
I{HS[0])
o.
-_ Output voltage
) e S| | V(HS[0])
' Current Sense vo]taée
12 V(csns) (R=1K)
SYNCvoltage
e (V(SYNC)
chl| 20.0v ch2 2.00V M 100ms| A Chl S -4.40V
ch3[ 5.00v @@ 20.0mvVe 1 Avr 2011
04:13:12

Figure 15. Current sense blanking during overcurrent window activity

Activation of the lighting profile is time driven and activation of the DC motor profile is event driven, as explained below.

In lighting mode, the height of the overcurrent profile is defined by three different thresholds (I och, | ocm @nd | gc, which stand for
the higher, the middle, and the lower overcurrent threshold), as illustrated by Figure 5. This profile has two adjacent windows the width of
which is compatible with typical bulb inrush current profiles. The width of the first of these windows is either toc4 or tochz. The width of
the second window is either tocpq L Or tocmz L (see Table 18). The lighting profile is activated at each turn-on event, including auto-retry,
except in switch mode. In switch mode, the profile is activated only at the first turn-on event, but is not renewed. During the on-period, the
load current is continuously compared to the programmed overcurrent profile. The channel is switched Off when a threshold is crossed
or a window width is exceeded.
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In DC motor mode, only one overcurrent window exists, defined by only two different thresholds (I ocH and | ocy) as illustrated by
Figure 6. This window is opened anytime the output current exceeds the selected lower overcurrent threshold (Igci ). In this case, the
allowed overcurrent duration is defined by parameters tocm1_m, tocmz_m: tocH1, and tochg-

The selection of the different profiles and values is explained in the section Address AO100— overcurrent protection configuration
register (OCR_s).

6.2.1.5 Auto-retry after overcurrent shut off

When auto-retry is activated, OC-latching (Overcurrent fault (Latchable fault)) only occurs after expiration of the available amount of
auto-retries (described in section Auto-retry).

6.2.1.6 Switch mode operation and overcurrent duration

Switch mode is defined as any device operation with a duty cycle lower than 100% at a frequency above fpyy ext (Min.) or foywm INT
(min.). The device may operate in Switch mode in internal/external PWM or in direct input mode. In switch mode, the accumulated time
spent by the load current in a particular window segment during On-times of successive switching periods is identified by the
aforementioned duration counter, and compared to the active segment width. The associated off-times are excluded by the duration
counter. The channel is turned-off when the value of the counter exceeds the window width. In Figure 16, overcurrent detection shutdown
is shown in case of switch mode operation with a duty cycle of 50% (solid line) and 100% (fully-on, dashed line). The device is turned off
much later in switch mode than in fully-on mode, since the duration counter only counts overcurrent during on-times.

-
|
|
|
|

— F
|
|
|
|
|

Figure 16. Overcurrent shutdown in PWM mode (sblid line) and fully-on mode (dashed line)

6.2.1.7 Reset of the duration counter

Reset of the duration counter is achieved by performing a delatch sequence (Fault delatching). In lighting mode (CONFs = 0), this
counter is also reset automatically at each auto-retry (but not in DC motor mode).

In DC motor mode, the duration counter is reset either by performing a delatch sequence or (automatically) after occurrence of a new
on-period without any overcurrent ([hson[x] = 1). Reset then actually occurs at the first turn-off instant following that on-period.

In switch mode, the duration counter is not reset by normal PWM activity unless delatching is performed.

6.2.1.8 Severe short-circuit fault (latchable fault)

When a severe short-circuit (SC) is detected at turn-ON (wiring length L oap< LsHorT, see Table 4), the channel is shut Off
immediately. For wiring lengths above LgyorT, the device is protected from short-circuits by the normal overcurrent protection functions
(Overcurrent fault (Latchable fault)). When an SC occurs, FSB goes low (logic [0]), and the SC bit is set, eventually followed by an auto-
retry. SC is of the latchable fault type (see Protection and diagnostic features and Fault delatching).

6.2.1.9 Overvoltage detection (enabled by default)

By default, the supply overvoltage protection (Vpwr) is enabled when overvoltage occurs (Vpyr > Vpwr(ov)), the device turns OFF
both channels simultaneously, the FSB pin is asserted low, and the OV fault bit is set to logic [1]. The channels remain OFF until the supply
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voltage drops below a threshold voltage Vpwr < Vpwr(ov) - VPwR(OVHYS)- The OV bit can then be reset by reading out the STATR
register.

The overvoltage protection can be disabled by setting the OV_dis = 1 in the General Configuration (GCR) register. In this case, the
FSB pin neither asserts a fault occurrence, nor turn the channels off. However, the fault register (OV bit) still reports an overvoltage
occurrence (when Vpwr > Vpwr(ov)) s @ warning. When Vpyr > Vpywr(ov), the value of the on-resistance on both channels (Rpgon))
still lays within the ranges specified in Table 4.

6.2.1.10 Undervoltage fault (Latchable fault)

The channels are always turned off when the supply voltage (Vpyg) drops below Vpygr(yy)- FSB drops to logic [0], and the fault
register's (common) UV bit is set to [1].
When the undervoltage condition then disappears, two different cases exist:
» If the channel’s internal control signal hson[x] is off, FSB returns to logic [1], but the UV bit remains set until at least one output is turned
on (warning).
» If the channel’s control signal is on, the channel only turns on if a delatch or POR sequence is performed prior to the turn on request.
The UV bit can then only be reset by reading out the STATR register.

Auto-retry (if enabled) starts as soon as the UV condition disappears.

6.2.1.11 Extended mode protection

In extended mode (6.0 V < Vpyr <8.0 Vor 36 V <Vpyr <58 V), the channels are still fault protected, but compliance with the specified
protection levels is not guaranteed. The register settings however (including previously detected faults) remain unaltered, provided Vpp
is within the authorized range. Below 6.0 V, the channels are only protected from overtemperature, and this fault only reports in the SPI
register the moment Vpyr has again risen above VPWR yy). To allow the outputs to remain ON between 36 and 58 V, overvoltage
detection should be disabled (by setting OV_dis = 1 in the GCR register).

Faults (overtemperature, overcurrent, severe short-circuit, over and undervoltage) are reset if:

. VDD < VDD(FA|L) with VPWR in the normal VOltage range
* Vpp and Vpyr are below the VgyppLypoRr) voltage threshold
» The corresponding SPI register is read after the disappearance of the failure cause (and delatching)

6.2.1.12 Drain/source overvoltage protection

The device tries to limit the Drain-to-Source voltage by turning on the channel whenever Vpg exceeds VpgcLamp)- When a fault occurs
(SC, OC, OT, UV), the device is rapidly switched Off (in t < tray,T Seconds), regardless the value of the selected slew rate. This may
induce voltage surges on Vpyr and/or the output pin (HS[x]) when connected to an inductive line/load. Turning on the device also
dissipates the energy stored in the inductive supply line. This function monitors overvoltage for Vpyyr > 30 V. For supply voltages Vpyr
< 30 V, the device is protected from negative output voltages by automatically turning on the channel. The feature remains functional after
device ground loss.

6.2.1.13 Supply overvoltage protection

In order to protect the device from excessive voltages on the supply lines, the voltage between the device’s supply pins (VPWR and
the GND) is monitored. When the Vpyyr-to-GND voltage exceeds the threshold Vp gnp(cLamp). the channel is automatically turned on.
The feature is not operational in cases of ground loss.

6.2.1.14 Negative output voltage protection

The device tries to limit the undervoltage on the output pins HS[x] when turning off inductive loads. When the output voltage drops
below V¢, the channel is switched on automatically. This feature is not guaranteed after a device ground loss.

The energy dissipation capabilities of the circuit are defined by the E¢ [o.1] parameters. For inductive loads larger than 20 pH, itis
recommended to employ a freewheeling diode. The three different overvoltage protection circuits are symbolically represented in
Figure 17. The values of the clamping diodes are those specified in Table 4. Coupling factor k represents the current ratio between the
current in the supply voltage measurement diode (zener) and the current injected into the MOSFET's gate to turn it on.
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Figure 17. Supply and output voltage protections

6.2.1.15 Reverse voltage protection on Vpyr

The device can withstand reverse supply voltages on Vpyyr down to -28 V. Under these conditions, the outputs are automatically turned
On and the channel’s On-resistance (Rpgon)) is similar to that during positive supply voltages. No additional components are required to
protect the VpyyR circuit except series resistors (>8.0 k) between the direct inputs IN[0:1] and Vpyr in case they are connected to VPWR.
The VDD pin needs reverse voltage protection from an externally connected diode (Figure 23).

6.2.1.16 Load and system ground loss

In case of load ground loss, the channel’s state does not change, but the device detects an Openload fault. In case of a system GND
loss, the channels are turned off.

6.2.1.17 Device ground loss

In the (improbable) case the device loses all of its three ground connections (pins 14, 17, and 22), the channels’ state (On/ Off), depends
on several factors: the values of the series resistors connected to the device pins, the voltage of the direct input signals, the device’s
momentary current consumption (influenced by the SPI settings) and the state of other high-side switches on the board when there are
pins in common like FSB, FSOB and SYNC. In the below description, all voltages are referenced to the system (module) GND.

When series resistors are used, the channel state can be controlled by entering Fail-safe mode. The channels are turned off
automatically when the voltage applied to the IN[x] input(s) through the series resistor(s) is not higher than Vpp and be turned on when
the IN[x] input(s) are tied to Vpyr. Fail-Safe is entered under the following conditions:

+ all unused pins are tied to the overall system’s GND connection by resistors > 8.0 k.

+ any device pin connected to external system components has a series resistors > 8.0 k (except pins Vpwr, Vpp, HS[0], HS[1] and

R(CSNS)>2.0 k)

» pins FSB, FSOB and SYNC are in the logic high-state when they are shared with other devices. This means that none of the other

devices is in Fault or Fail-safe mode, nor should current sensing be performed on any one of them when GND is lost

When no series resistors are employed, the channel state after GND loss is determined by the voltage on pins IN[0:1] and the voltage
shift of the device GND. Device GND shift is determined by the lowest value of the external voltage applied to either pin of the following
list: CLOCK, FSB, IN[0:1], FSOB, SCLK, CS,SI, SO, RSTB, CONF[0:1], SYNC, CSNS. When the device GND voltage becomes logic low
(V(GND)< V), the SPI port continues to operate and the device operates normally. When the GND voltage becomes logic high (V(GND)>
V|4), SPI communication is lost and Fail-safe mode is entered. When the voltage applied to the IN[0:1] input is Vp\yg, the channel is turned
on when itis Vpp, the channel is turned off if (Vpp - V(GND)) < V.
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6.2.2 Supply voltages out of range

6.2.2.1 Vpp out of range

If the external Vpp supply voltage is lost (or falls outside the authorized range: Vpp<Vpp(raiL)), the device enters Fail-safe mode,
provided the VDD_FAIL_en bit had been set. Consequently, the contents of all SPI registers are reset. The channels are then controlled
by the direct inputs IN[0:1] (if Vpwr is within the normal range). Since the VPWR pin supplies the circuitry of the SPI, current sense and
most of the protective functions (overtemperature, overcurrent, severe short-circuit, short to Vp\yr, and openload detection circuitry),
these faults are still detected and reported at the FSB pin. However, without Vpp the SO pin is no longer functional. The SPI registers
can no longer be read and detailed fault information is unavailable. Current sensing also becomes unavailable. If Vpp paiL ey Wasn't set
before Vpp was lost, the device remains SPI-controlled, even though the SPI registers can’t be read. No current flows from the VPWR to
the VDD pin.

6.2.2.2 Vpyr supply voltage out of range

In case VpyR is below the undervoltage threshold Vpyrv), it is still possible to address the device by the SPI port, provided Vpp is
within the normal range. It does not prevent other devices from operating when a device is part of a daisy-chain. To accomplish this, RSTB
must be kept at logic [1]. When the device operates at supply voltages above the maximum supply voltage (Vpyr = 36 V), SPI
communication is not affected (see Overvoltage detection (enabled by default)). The internal pull-up and pull-down current sources on the
SPI pins are not operational. Executing a Power-on-Reset (POR) sequence is recommended when VpyyRr re-enters its authorized range.
No current flows from the VDD to the VPWR pin.

6.2.2.3 Loss of Vpygr loss of Vpp and power-on reset (POR)

In typical applications (Eigure 23 and Figure 24), an external voltage regulator may be used to derive Vpp from Vpyr. In wake mode,
a Power-on-Reset (POR) sequence executes and the POR bit (OD6 of the STATR register) is set if:

1. VPWR > VPWR (PORY) after a period VPWR < VPWR (POR) (and VDD < VDD (POR) before and after)
2. Vpp>Vpp (POR) after a period with Vpp < Vpp (POR) (VPWR <Vpwr (POR) before and after)

PORis also set at the transition to wake-up (by setting RSTB = 1 or IN[x] = 1) when Vpwgr > Vpwr (PoR) (before and after)
or Vpp >VDD(POR) (before and after). POR is not performed when Vewr > Vpwr (POR) after a period Vewr < Vpwr (POR) (and Vpp > Vpp

(POR) Permanently).

(fc[x] = 0)

(OpenLoadOFF = 1 (OpenLoadOFF =1
or 08 = 1 (fclx] = 1 and (OV = 0)) (OpenLoadON = 1) orOS =1

orOV:z/‘\ r or OV =1)
@ (fc[x]= 0 or OV = 1) “ Latchedl
OFF

(count = 16

(Retry = 1)

fc[x] = 0) Auto-retry Loop

r—-"1 - - (OpenLoadON = 1)
(after Retry Period and OV = 0 and OT = 0 and UV = 0)

oV =1 )

(OpenloadOFF = 1 (Retry = 1)
or OS = 1 = >"count = count+1

orOV =1
orUv =1
orOT =1) (fclx] = 0)

Figure 18. State machine: fault occurrence and auto-retry

06XS4200

41 NXP Semiconductors



6.2.3 Auto-retry

The auto-retry circuitry automatically tries to turn on the channel on a cyclic basis. Only faults of the latchable type (overcurrent, severe
short-circuit, overtemperature (OT), and undervoltage (UV)) may activate auto-retry. For UV and OT faults, auto-retry only starts after
disappearance of the failure cause (when auto-retry is enabled). The retry condition is expressed by:

Retry[x] = OC[x] or SC[x] or OT[x] or UV.
If Auto-retry has been enabled, its mode of operation depends on the settings of the auto-retry related bits (bits D0...D3 of the SI-

RETRY_s register, see Table 12) and the available amount of auto-retries (bits OD7...0D4 of the SO-RETRY_s reg.). More details can
be found in Amount of auto-retries.

If Auto-retry is disabled, latchable faults immediately latches upon their occurrence (see Protection and diagnostic features).

6.2.3.1  Auto-retry configuration

To enable the auto-retry function, bit retry_s (DO of the S| RETRY_s register) has to be set to the appropriate value. Auto-retry is
enabled for retry_s = 0 when the channel is configured for lighting applications (CONF = 0). It is enabled for retry_s = 1 for DC motor
applications (CONF[x] = 1).

Table 10. Auto-retry activation for lamps (CONF = 0) and DC motors (CONF = 1)

CONF[x] Retry_s bit auto-retry
0 0 enabled
0 1 disabled
1 0 disabled
1 1 enabled

If auto-retry is enabled, an auto-retry sequence starts when the channel’s fault control signal is set to 1 (fc[x] = 1, see Fault delatching)
and the retry condition applies (Retry[x] = 1, see Auto-retry).

When a failure occurs (fault = 1), the channel automatically switches on again after the auto-retry period. The value of this period (t5yT0)
is set through the SPI port (bits D2 and D3 of the RETRY_s register, see Table 22). When the failure cause disappears before expiration
of the available amount of auto-retries, the device behaves normally (FSB = 1), but the retry counter keeps its current value and the fault
bit remains set until it is cleared. This guarantees a maximum device availability without preventing fault detection.

6.2.3.2 Amount of auto-retries

In case the device is configured for an unlimited amount of auto-retries (Retry_unlimited_s = 1), auto-retry continues as long as the
device remains powered. The channel never be latches off.

In case a limited amount of retries is selected (Retry-unlimited_s = 0), auto-retry continues as long as the value of the 4-bit auto-retry
counter does not exceed 15 (bits OD4...0D7 of the RETRY_s register). After 15 retries, the Rfull bit of the STATR (OD4 for channel 0,
ODS for channel 1) register is set to logic high. The amount of available auto-retries is then reduced to one. If the fault still hasn’t
disappeared at the next retry, the corresponding channel switches off definitively and the fault is latched (FSB = 0, see Protection and
diagnostic features and Fault delatching).

Any channel can be turned on at any moment during the auto-retry cycle by performing a delatch sequence. However, this does not
reset the retry counter.

The value of the auto-retry counter can be read back in Normal mode only (SO-RETRYR register bits OD7-0OD4).

6.2.3.3 Reset of the auto-retry counter

Any one of the below events reset the retry counter:
» Fail-safe is entered (Fail-safe mode)
» Sleep mode is left (Sleep mode)
» POR occurs (Supply voltages out of range)
+ the retry function is set to unlimited (bit Retry-unlimited_s = 1 (D1 = 1))

+ the retry function is disabled (retry_s bit = DO of the RETRY _s register under goes a 1-0 transition for CONF = 1 and a 0-1 transition
for CONF = 0).
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If the channel is latched at the moment the auto-retry counter was reset (case 4), the channel is delatched, and be turned on after one
retry period (if retry was enabled).

6.2.3.4 Auto-retry and overcurrent duration

During the on-period following an auto-retry, the load current profile is compared to the length and height of the selected overcurrent
threshold profile, as described in the section on overcurrent protection (See Overcurrent fault (Latchable fault)).

When the lighting profile is activated, the overcurrent duration counter is reset at each auto-retry (to allow sustaining new inrush
currents).

For DC motor mode however, it is only reset at the turn-off event of the first PWM period without any overcurrent (see Reset of the
duration counter). Figures 18 gives a description of the retry state machine with the various transitions between operating modes.

6.2.4 Diagnostic features

Diagnostic functions openload-in-On state (OLON), openload-in-Off-state (OLOFF) and output short-circuited to Vpyr (OS) are
operational over the frequency and duty cycle ranges specified in Table 5.

Occurrence of an OLON, OLOFF, or OS fault sets the associated bit in the FAULTR_s register but does not trigger automatic turn-off.
Any of these diagnostic functions can be disabled by setting OLON_dis_s = 1, OLOFF_dis_s = 1, or OS_dis_s = 1 (bits D8...D6 of the
CONFR reg.).

The functions are guaranteed over the specified ranges for output capacitor values up to 22 nF (+/-20%).

6.2.4.1 Output shorted-to-VpyR fault

The device detects short-circuits between the output and Vpyr. The detection is performed during the Off-state. The output-shorted-
to-Vpwr fault-bit (OS_s) is set whenever the output voltage rises above VogptHres)- The fault is reported in real time on the FSB pin and
saved by the OS_s bit. Occurrence of this fault does not trigger automatic turn-off.

Even if the short-circuit disappears, the OS_s bit does not clear until the FAULTR register is read. The function may be disabled by
setting OS_dis_s = 1. The function operates over the duty cycle ranges specified in Diagnostic features.

This type of event shall be limited to 1000 min during the vehicle lifetime. In case of permanent output shorted to the battery condition,
it is needed to turn-on the corresponding channel.

6.2.4.2 Openload detection in OFF state

Openload-in-OF F-state detection (OL_OFF) is performed continuously during each OFF-state (both for CSR0 and CSR1). This function
is implemented by injecting a small current into the load (IOLD(OFF)). When the load is disconnected, the output voltage rises above
VoLp(tHRESs)- OL_OFF is then detected and the OL_OFF bit in the FAULTR register is set. If disappearance of the open load fault is
detected, the FSB output pin returns to a high immediately, but the OL_OFF bit in the fault register remains set until it is cleared by a read
out of the FAULTR register. The function may be disabled by setting OLOFF_dis_s = 1. The function operates over the duty cycle ranges
specified in section Diagnostic features.

6.2.4.3 Openload detection in ON state (OL_ON)

Openload-in-ON state detection (OLON) is performed continuously during the On-state for CSRO over the ranges specified in section
Diagnostic features. An Openload in ON state fault is detected when the load current is lower than the openload current threshold lo pon)-
This happens at o pion) = 500 mA (typ.) for high current sense mode (CSRO0), and at 7.0 mA (typ.) for low current mode. FSB is asserted
low and the OLON bit in the fault register is set to 1 but the channel remains On. FSB goes high as soon as disappearance of the failure
cause is detected, but the OL_ON bit remains set.

In high current mode (CSRO0), openload in ON state detection is done continuously during the On-state and the OLON-bit remains set
even if the fault disappears.

In high current mode, the OLON-bit is cleared when the FAULTR register is read during the Off state, even if the fault hasn't
disappeared. The OLON bit is also cleared when the FAULTR register is read during the ON state, provided the failure cause (load
disconnected) has disappeared.

In low current mode (CSR1), OL_ON is done periodically instead of continuously and only operates when fast slew rate is selected.
When the internal PWM module is used with an internal or external clock (case 1), the period is 150 ms (typ.). When the direct inputs are
used (case 2), the period is that of the input signal. The detection instants in both cases are given by the following:
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1. Iniinternal PWM (int./ext. clock), low current mode (CSR1), Openload-in-ON state detection is not performed each switching
period, but at a fixed frequency of about 7.0 Hz (each tg | gp = 150 ms typ.). The function is available for a duty cycle of 100%.
OLON detection is also performed at 7.0 Hz, at the first turn-off event occurring 150 ms after the previous OL_ON detection event
(before OS and OL_OFF).

2. Indirect input, low current mode (CSR1), OL_ON is performed each switching period (at the turn-off instant) but the duty cycle is
restricted to the values. Consequently, when the signal on the IN[x] pin has a duty cycle of 100%, OL_ON is not performed. To
solve this problem, either the internal PWM function must be activated with a duty cycle of 100%, or the channel’s direct input must
be disabled by setting Dir_dis_s = 1 (bit D5 of the CONFR-s register). The OLON-bit is only reset when the FAULTR register is read
after occurrence of an OL_ON-detection event without fault presence.

6.2.4.4 Openload detection in discontinuous conduction mode

If small inductive loads (solenoids / DC motors) are driven at low frequencies, discontinuous conduction mode may occur. Undesired
openload in ON state errors may then be detected, as the inductor current needs some time to rise above the openload detection threshold
after turn-on. This problem can be solved by increasing the switching frequency or by disabling the function and activating openload in
Off state detection instead.

When small DC motors are driven in discontinuous conduction mode, undesired openload in OFF state detection may also occur when
the load current reaches 0 A during the OFF state. This problem can be solved by increasing the switching frequency or by enabling
openload in OFF state detection only during a limited time, preferably directly after turn-off (see Diagnostic features). The signal on the
SYNC pin can be used to identify the turn-off instant.

6.2.5 Current and temperature sensing

The scaled values of either of the output currents or the temperature of the device’s GND pin (#14) can be made available at the CSNS
pin. To monitor the current of a particular channel or the general device temperature, the CSNS0_en and CSNS1_en bits in the General
Configuration Register (GCR) must be set to the appropriate values. When overcurrent windows are active, current sensing is disabled
and the SYNCB pin remains high.

6.2.5.1 Instantaneous and sampled current sensing

The device offers two possibilities for load current sensing: instantaneous (synchronous) sensing mode and Track & Hold mode (see
Figure 9). In synchronous mode, the load current is mirrored through the current sense pin (Output current monitoring (CSNS)) and is
therefore synchronous with it. After turn-off, the current sense pin does not output the channel current. In Track & Hold mode however,
the current sense pin continues to mirror the load current as it was just before turn-off. Synchronous mode is activated by setting the
T_H_en bit to 0, and Track & Hold mode by setting the T_H_en bit to 1.

6.2.5.2 Current sense ratio selection

The load current is mirrored through the CSNS pin with a sense ratio (Figure 19) selected by the CSNS_ratio bit in the OCR register.
To achieve optimal accuracy at low current levels, the lower current sensing ratio, called CSR1, must be selected. In that case, the
overcurrent threshold levels are decreased. The best accuracy that can be obtained for either ratio is shown in Figure 20. The amount of
current the CSNS pin can sink is limited to Icgns max - The CSNS pin must be connected to a pull-down resistor (470 Ohm < R(CSNS)
<10 kOhm, 1.0 kOhm typical), in order to generate a voltage output. A small low-pass filter can be used for filtering out switching transients
(Eigure 23). Current sensing operates for load currents up to the lower overcurrent threshold (OCLx A).

6.2.5.3 Synchronous current sensing mode

For activation of synchronous mode, T_H_en must be set to 0 (default). After turn-on, the CSNS output current accurately reflects the
value of the channel’s load current after the required settling time. From this moment on (CSNS valid), the SYNC pin goes low and remain
low until a switch off signal (internal/external) is received. This allows synchronization of the device’s current sensing feature with an
external process running on a separate device (see Current sense synchronization (SYNC)). After turn-off, the load current does not flow
through the switch, and the load current cannot be monitored.

6.2.5.4 Track & Hold current sensing mode

In Track & Hold mode (T&H) (T_H_en = 1), conversely from synchronous mode, the CSNS output current is available even after having
switched off the load. This feature is useful when the device operates autonomously (internal clock/PWM), since it allows current
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monitoring without any synchronization of the device. An external sample and hold (S/H) capacitor is not required. After turn on, the CSNS
output current reflects the channel’s load current with the specified accuracy after occurrence of the negative edge on the SYNC pin, as
in synchronous mode (see Current sense synchronization (SYNC)). However, at the switch-off instant, the last observed CSNS current is
sampled and its value saved, thanks to an internal S/H capacitor. The SYNC pin goes high (SYNC = 1). If the channel on which Track &
Hold current sensing is performed is changed to another, the internal S/H hold capacitor is first emptied and then charged again to allow
current monitoring of the other channel. Consequently, T&H current monitoring of a channel is lost when this channel is in the OFF state
at the moment the current is monitored on the other channel. Track & Hold mode should not be used for frequencies below 60 Hz.

When Track and Hold is used to sense the temperature and then to sense a current, the Track & Hold mode has to be reset by a turn
off, then turn on before sensing a new current.

5000
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0 2 4 5 8 10
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Figure 19. Current sensing ratio versus output current

6.2.5.5 Current sense errors
Current sense accuracy is adversely affected by errors of the internal circuitry’s current sense ratio and offset. The value of the current
sensing output current can be expressed with sufficient accuracy by the following equation:

Icsns = (I(HS[XD* | Loap ERR sys * | LoaD_Err RAND) CsRx(1)

with Cgrg = (1/5000 + egpng) @nd Cgrq = (1/1666.6 + egaing)-

The device’s offset error has a “systematic” and a “random” component (I | 0ap ERR sYs' | LOAD ERR RAND)- At low current levels, the
random offset error may become dominant. The systematic offset error is caused by predictable variations with supply voltage and
temperature, and has a small but positive value with small spread. The random offset error is a randomly distributed parameter with an
average value of zero, but with high spread. The random offset error is subject to part-to-part variations and also depends on the values
of supply voltage and device temperature. The device has a special feature called offset compensation, allowing an almost complete
compensation of the random offset error (see Esrg grg)- This offset compensation technique greatly minimizes this error. Computing the
compensated current sensing value is illustrated in the next sections.

6.2.5.6 Activation and use of offset compensation

According to the settings of the OFP_s bit (in the RETRYR _s register), opposite values of the random offset error are generated. To
compensate the random offset error, two separate measurements with opposite values of the random offset error are required. The
measured values must be saved by an external p-processor. Compensation of the random offset error is achieved by computing the
average of both. When a dedicated bit called Offset Positive (OFP = bit D8 of the RETRYR_s register) is set to 1, the current sunk through
the CSNS pin (lcgns) can be described by:

Icsns1 = CSRy *(ILoant | Loap ERR sys* | LoaD ERR_RAND)(2)

When bit OFP is set to 0, Icgng can be described by:
Icsns2 = CSRy *(ILoap™ | LoaD ERR_sys - | LoaD_ERR_RAND) (3)

The random offset term | | oap_ERR_RAND Can be computed from equations (2) and (3) as follows:
|_Loap_ERR_RAND = (lcsnst - losns2) / (2°CSRy) (4)
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The compensated current sense value Icgns comp €an be obtained by computing the average value of measurements Icgnyst and
ICSst as follows:

Icsns,comp = (Icsnst + lesns2) / 2 ()

When equations 2 and 3 are substituted in equation 5, the random offset error cancels out, as shows eq. 6:

Icsns,comp = (I LoAD_ERR_sys * lLoap) * CSRy (6)

The systematic offset error | | oap ERR svs IS referenced at the operating point 28 V and 25 °C. It can eventually be fine tuned by
performing a calibration. Gain errors at 25 °C (= current sense ratio errors, represented by egang @nd egang) €an also be reduced by
performing a calibration at a point in the range of interest. If calibration can not be done, it is recommended to use the typical value of

| LoaD_ERR_svs (see Esro ERR)-

6.2.5.7 Current sense error model

The figures of uncompensated and compensated current sense accuracy mentioned in Table 4 have been obtained applying the error
model of eq. 7 to the data:

Icsns_mopeL = ((HSIX]) + 1 Loap ERR sys) * Csrx  (7)

Esrx_ERR = (Icsns1 - Icsns_ mopeL)/lcsns. MODEL (8)

Esrx_err(comp) = (Icsns,comp - lcsns_mopeL)/Icsns_mopeL(9)

The computation has been applied to each of the specified measurement points. Model parameters | | oap ERR_sys @and Csrx have
the nominal values, specified in Esrg ERR-

The load current can be computed from this model as:

I(HS[X]) = Icsns/ CSRy - | L oaD ERR SYS (10)

I(HS[x]) = Icsns,comp / CSRy - | LoaD ERR sys (11)

Using expression (11) generally gives more accurate values than expression (10), since in expression (11), random offset errors have
been compensated.

6.2.5.8 Offset compensation in Track & Hold mode

In Track & Hold mode, the last observed sense current (Icgns) is sampled at the switch off instant. This takes into account the currently
active settings of the OFP_s offset compensation bit. Changing the value of the OFP bit during the switch’s off time produces an identical
value of the current sense output. Consequently, to implement the before mentioned offset compensation technique, the channel must
have been turned on at least once prior to sensing the output current with an opposite value of the OFP bit.

6.2.5.9 System requirements for current monitoring

Current monitoring is usually implemented by reading the (RC-filtered) voltage across the pull-down resistor connected between the
CSNS pin and GND (Eigure 23). Therefore, measurements (1) and (2) must be spaced sufficiently wide apart (e.g. 5 time constants) to
get stabilized values, but close enough to be sure that the offset value wasn’t changed. The A/D converter of the external micro controller
that is used to read the current sense voltage V(csns) must have sufficient resolution to avoid introducing additional errors.
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6.2.5.10 Accuracy with and without offset compensation

The sensing accuracy for CSR0 and CSR1, obtained before and after offset compensation, is shown in Figure 20.
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Figure 20. Current sense accuracy versus output current

In Track & Hold mode, the accuracy of the current sense function is lowered according to the values shown in Figure 21 (error
percentage as a function of the switch-off time is displayed, for CSR0 and CSR1). Track & Hold mode should not be used below f = 60 Hz.
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Figure 21. Track & Hold current sense accuracy

6.2.5.11 Temperature prewarning detection

In Normal mode, the temperature prewarning (OTW) bit is set (bit OD8 of the FAULTR register) when the observed temperature of the
GND pin is higher than Torwar (Pin #14, see Figure 3). The feature is useful when the temperature of the direct surroundings of the device
must be monitored. To be able to reset the OTW-bit, the FAULTR register must be read after the moment that temperature T °C < Toywar-

6.2.5.12 Switching state monitoring

The switching state (ON/OFF) of the channels is reported in real time by bits OUT[x] in the STATR register (bit OD0/OD1). The Out[x]
bit is asserted logic high when the channel is on (output voltage V(HS[x]) higher than Vpyr /2). When supply voltage Vpyr drops below

13 V, the reported switching state may not correspond to the state of the channel’s control signal hson[x] in case of an open load fault
(see Factors determining the channel’s switching state).
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6.2.6 EMC Performances

Specified EMC performance is board and module dependent and applies to a typical application (Eigure 23). The device withstands
transients per ISO 7637-2 /24 V. An external freewheeling diode connected to at least one output is required for sustaining ISO 7637-2
Pulse 1 (-600 V). To withstand Pulse 2, at least one of the two channels must be connected to a typical load (bulb). It withstands electric
fields up to 200 V/m and Bulk Current Injection (BCI) up to 200 mA per ISO11452.

6.3 Logic commands and SPI registers

6.3.1  SPI protocol description

The SPI interface offers full duplex, synchronous data transfer over four I/O lines: Serial Input (SlI), Serial Output (SO), Serial Clock
(SCLK), and Chip Select (CSB).The SI/SO pins of the device follow a first-in first-out (D15 to DO) protocol. Transfer of input and output
words starts with the most significant bit (MSB). All inputs are compatible with 5.0 V or 3.3 V CMOS logic levels. Parity check is performed
after transfer of each 16-bit SPI data word.The SPI interface can be driven without series resistors provided that voltage ratings on VDD
and SPI pins (Table 3) are not exceeded. Unused SPI-pins must be tied to GND, eventually by resistors (see Device ground loss).

CSB
SCLK \ | \ \ \ \

Sl D15 [D14 |D13 D11 D10 | D9 | D8 D6 | DS m D3 ) D2 ) D1) DO

SO omsoLEsooﬂ OT OD7 OD6 ) OD5 OD4>(OE).< OEXODO

Notes 1. RSTB must be in a logic [1] state during data transfer.
2. Data enter the Sl pin starting with D15 (MSB) and ending with bit DO.
3. Data are available on the SO pin starting with bit 0D15 (MSB) and ending with bit 0(ODO).

Figure 22. 16-bit SPI interface timing diagram

6.3.2 Serial input communication protocol

SPI communication requires that RSTB = high. SPI communication is accomplished with 16-bit messages. A valid message must start
with the MSB (D15) and end with the LSB (DO0) (Table 11). Incoming messages are interpreted according to Table 12. The MSB, D15, is
the watchdog bit (WDIN). Bit D14, Parity check (P), must be set such that the total number of 1-bits in the SPI word is even (P = 0 for an
even number of 1-bits and P = 1 for an odd number). Bank selection is done by setting bit D13. Bits D12:D10 are used for register
addressing. The remaining ten bits, D9:DO0, are used to configure the device and activate diagnostic and protective functions. Multiple
messages can be transmitted for applications with daisy chaining (or to validate already transmitted data) by keeping the CSB pin at logic
0. Messages with a length different from a multiple of 16 or with a parity error is ignored. The device has thirteen input registers for device
configuration and thirteen output registers containing the fault/device status and settings. Table 12 gives the Sl register function
assignment. Bit names with extension “_s” refer to functions that have been implemented independently for each of both channels.

6.3.3  Serial port operation

When Chip Select occurs (1-to-0 transition on the CSB pin), the output register data is clocked out of the SO pin (MSB-first) at the serial
clock frequency (SLCK). Bits at the Sl pin are clocked in at the same time. The first sixteen SO register bits are those addressed by the
previous Sl word (bit D13, D2...D0 of the STATR_s input register). At the end of the chip select event (0-to-1 transition), the Sl register
contents are latched. The second SPI word clocked out of the Serial Output (SO) after the first CSB event represents the initial SO register
contents. This allows daisy chaining and data integrity verification.
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The message length is validated at the end of the CSB event (0-to-1 transition). If it is valid (multiples of 16, no parity error), the data
is latched into the selected register. After latch-in, the SO pin is tri-stated and the status register is updated with the latest fault status
information.

6.3.3.1 Daisy chain operation

Daisy-chaining propagates commands through devices connected in series. The commands enter the device at the Sl pin and leave it
by the SO pin, delayed by one command cycle of 16 bits. To address a particular device in a daisy chain, the CSB pin of all the devices
in that chain has to be kept low until the SPI message has arrived at its destination. Once the command has been clocked in by the
addressed device, it can be executed by setting CSB = 1.

Table 11. Sl message bit assignment

Bit n° Sl Reg. Bit Bit functional description
MSB D15 Watchdog in (WDIN): state must be alternated at least once within the timeout period
D14 Parity (P) check. P-bit must be set to 0 for an even number of 1-bits and to 1 for an odd number
D13 Selection between Sl registers from bank 0 (0 = channel 0) and bank 1 (Table 14)
D12:D10 Register address bits
LéB D9:DO Used to configure the device and the protective functions and to address the SO registers

Table 12. Serial input register addresses and function assignment

Sl Data
Si
Register D/ D D D D
D15 14113 1121111 10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
STATR_ s |[WDIN| P | A | O | 0| O | O 0 0 0 0 0 0 SOA2 SOA1 SOA0

PWMR_s |[WDIN| P | A, | 0 | 0| 1|0]| ONs PWM7_s | PWM6_s | PWM5_s | PWM4 s | PWM3_s | PWM2_s | PWM1_s | PWMO_s

CONFR_s | o | P | Ao | 0 | 1|0 | 0 | OS_dis s |OLON_dis_| OLOFF_dis| DIR_dis s | SR1_s SRO_s | DELAY2_s | DELAY1_s | DELAYO_s
S S

OCRs |wpiN| P 1A | 1] 0] 0] 0] HOCR.s PR_s | Clock_int_s |CSNS_ratio| toc s tOCM_s | OCH_s OCM_s OCL_s

RETRY_s WDIN Pl Ay |1 0 1 0 OFP_s 0 0 0 (43) Auto_perio | Auto_perio |Retry_unlim retry_s
di_s d0_s ited_s

GCR |WDIN| P | 0 |1 |1]|0]|0|PWMen1|PWMen OPARALLEL| T H_en | WD_dis |Vpp pal en| CSNS1_en | CSNSO_en| OV_dis

CALR_s |[WDIN| P | Ap| 1| 1] 1]0 1 0 1 0 1 1 0 1 1

contents 0 X] 0| X | X|X]|O0 0 0 0** 0 0 0 0 0 0
after reset*

*=RSTB =0 or Vpp(FAIL) after Vpp = 5.0 V or POR
** = except bit D6 (PARALLEL) of the GCR register that is saved when Vpp(FAIL) occurs, provided Vpp = 5.0 V and Vpp pal_gn = 1 before
X = register address, P = parity bit

Notes
43. Bit D4 of RETRY_s Serial Input register

MCO06XS4200FK =0
MCO06XS4200BFK = CONF_SPI_s
Setting bit D4 to 0 (CONF_SPI_s = 0) will configure the overcurrent profile as the CONF pin.
Setting bit D4 to 1 (CONF_SPI_s = 1) will configure the overcurrent profile as the opposite of CONF pin.
After device reset, the overcurrent profile is defined by the CONF input pin. The SPI-SO CONF bit reporting shall combine external hardware
configuration and SPI setting.
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Table 13. Serial output register bit assignment

bits D13, D2,
D1, D0 of th
. 0_0 the SO Returned Data
Previous
STATR
S|S|S|S
o/0o/ojo/obD/OD|OD|OD OD | OD|O
AlAIA AI15114113 12 11 10 D9 OD8 | OD7 | OD6 | OD5 | OD4 oD3 OoD2 OoD1 oDO0
3/2/1|0
sTATR |0 [0 | 0|0 O PF SgA SgA S?A SSA N ov | uv | por | RFUEIRFUET EauTy FAULTO OUTH ouTo
FAULTR Ag| 0|01 WDI PE SOA | SOA |SOA | SOA NM | oTw 0 0 OLON_ | OLOFF 0S_s oT s SC_s 0C_s
_s N 3 2 1 0 S _s
PWMR_ A 0|10 WDI PF SOA | SOA | SOA | SOA NM | ON_s PWM | PWM6_ | PWM5_ | PWM4_ | PWM3_s PWM2_s PWM1_s | PWMO_s
s N 3 2 1 0 7_s s s s
CONFR WDl s0a | soa |soal soa os d| OO | oLopr | DIR_dis| SR1_s SRO_s DELAY2 s |DELAY1_s|DELAYO_s
Ag| O 1|1 PF NM| = =" | N_dis . _s
_s N 3 2 1 0 is_s s _dis_s
OCR s |Ag| 1| 0| 0 |WDl| pp |SOA|SOA SOA|SOA |\ HOC | oo | Clock i CSNS_|tOCH_s| tOCM_s OCH_s OCM_s | OCL_s
N 3 2 1 0 R_s nt_s | ratio_s
RETRY Al 1lol 1 WDI PF SOA | SOA | SOA | SOA NM OFP | R3 R2 R1 RO  |Auto_period1 | Auto_period0_ | Retry_unli retry_s
0 .
R_s N 3 2 1 0 _s s mited_s
PWM | PWM | PARAL | T_H_en | WD_dis | VDD_Fail_en| CSNS1_en |CSNS0_en| OV_dis
GCR ol1l110 WDI PE SOA | SOA |SOA | SOA NM| en on LLEL - = - — = = - -
N 3 2 1 0 — ==
1 0
DIAGR | 0111111 WDI PE SOA | SOA |SOA | SOA NM CON | CON D1 DO IN1 INO CLOCK_fail CAL_fail1 CAL failo
N 3 2 1 0 F1 FO —
contents 0 0
after N/ | N/ | N/ | N/ . -
rosetor | A | A | A|A 0 0 0 0 0 0 0 0 0 0 0 0 0 0
failure*

*=RSTB = 0 or Vpp(FAIL) after Vpp = 5.0 V, or POR
** = except bit D6 (PARALLEL) of the GCR register that is saved when Vpp(FAIL) occurs provided Vpp = 5.0 V and VDD_Fail_en = 1 before

*** = except bit D7 (POR) of the STATR register that is saved when Vpp(FAIL) occurs after Vpp = 5.0 V and VDD_Fail_en = 1 (fail-safe mode)
x = register address, PF = parity Fault

6.3.4

Sl register addressing

The address in the title of the following sections (Agxxx) refer to bits D[13:10] of the SPI word required to address the associated S
register. Bit Ag = D13 selects between registers of bank 0 and bank 1 (Table 14). The function assignment of register bits D[8:0] is
described in the associated section. The “_s” behind a register name indicates that the variable applies to the register contents of both

banks.
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Table 14. Value of bit Ay Required for Addressing Register Banks 0 or 1

Value A, (D13) Bank
0 0 = channel 0 (default)
1 1 =channel 1

6.3.5 Address A,000—status register (STATR_s)

To read back the contents of any of the 13 SO registers, bits D[13:10] of the channel's SI STATR register must be set to Aj000 and
bits D[2:0] in the same SPI word to the address of the desired SO register. The SO registers thus addressed are: STATR, FAULTR s,
PWMR_s, CONFR_s, OCR_s, RETRY_s, GCR, and DIAGR (Table 13).

6.3.6 Address A;001— PWM control register (PWMR_s)

The PWMR _s register contents determines the value of the PWM duty cycle at the output (Table 12), both for internal and external
clock signals.

Bit D8 must be set to 1 to activate this function. The desired value of duty cycle is obtained by setting Bits D7:D0 to one of the 256
levels as shown in Table 7.To start the PWM function at a known point in time, the PWM_en_s bit (both in the GCR register) must be set
to 1.

6.3.7 Address Ayg010— channel configuration register (CONFR_s)

The CONFR_s is used to select the appropriate value of slew rate and turn-ON delay. The settings of Bits D[8:6] determine the
activation of openload and short-circuit (to Vpyyr) detection. Bit D13 ( = Ag) of the incoming SPI word determines which of both CONFR
registers is addressed (Table 14).

Setting bit D8 (OS_dis_s) to logic [1] disables detection of short-circuits between the channel’s output pin and the VPWR pin. The
default value [0] enables the feature.

Setting bit D7 (OLON_dis_s) to logic [1] disables detection of openload in the ON state for the selected channel. The default value [0]
enables this feature (Table 15).

Setting bit D6 (OLOFF_dis_s) to logic [1] disables detection of openload in the OFF state. The default value [0] enables the feature,
see Table 15.

Table 15. Selection of openload detection features

(gl_;og;:';;:) ((I)JIBOQ;F:tI:t_eS) Selected openload detection function
0 0 both enabled (default)
0 1 Off state detection disabled
1 0 On state detection disabled
1 1 Both disabled

Setting bit D5 (DIR_DIS_s) to logic [0] enables direct control of the selected channel. Setting bit D5 to logic [1] disables direct control.
In that case, the channel state is determined by the settings of the internal PWM functions.

D4:D3 bits (SR1_s and SRO0_s) control the slew rate at turn on and turn off (Table 16). The default value ([00]) corresponds to the
medium slew rate. Rising and falling edge slew rates are identical.
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Table 16. Slew rate selection

SR1_s (D4) SRO_s (D3) Slew rate
0 0 medium (default)
0 1 low
1 0 high
1 1 medium SR < SR < high SR

Delaying a channel’s turn-On instant with respect to the other is accomplished by setting bits D2:D0 of the PWMR _s register to the
appropriate values. Switch On is delayed by the number of (internal/external) clock periods shown in Table 8. Refer to the section
Programmable PWM module.

6.3.8 Address Ay100— overcurrent protection configuration register (OCR_s)

The contents of the OCR_s registers determines operation of overcurrent, current sensing, and PWM related functions. For each load
type (bulb or DC motor), a different kind of overcurrent profile exists (see Overcurrent protection profile for bulb applications). For lighting
mode, the overcurrent profile is defined by three different thresholds each of which is active over a dedicated time slot. These thresholds
are called the higher (=1 ocp), the middle (=1 ocp) and the lower (=1 ¢ ) threshold. The DC motor profile only has two thresholds (I ooy
and | OCL)' - - - -

Each threshold can be set to two different values, except | o¢| that can be set to three different values (I ocL1, | ocLo: | ocLg). Setting
the low current sense ratio (CSR1) reduces the values of all the overcurrent thresholds by a factor of three. The terminology is defined as
follows: | ocxy , stands for overcurrent threshold x (x =1 ocH. | ocmor | ocL) that can be set to two or three different values, selected by
y (y =1, 2, (or 3)). The previously selected current sense ratio (z = 0 for CSR0 and z = 1 for CSR1) further determines the shape of the
applicable overcurrent protection profile, see: |_OCH1_0.

Setting bit D8 (HOCR_s) to 0 activates overcurrent level | o¢| 1, the highest of the 3 levels, regardless the value of the DO bit. Setting
HOCR to 1 activates the medium level | ¢ 2 when DO = 0, and the lowest level | o3 when DO = 1 (Table 21). When overcurrent
windows are active, current sensing is not available.

Bit D7 (PR_s) controls which of two divider values are used to create the PWM frequency from the external clock. Setting bit D7 to 1
causes the external clock to be divided by 512. When PR _s = 0, the divider is 256.

Setting bit D6 (Clock_int_s) activates the internal clock of the selected channel. The default value [0] configures the PWM module to
use an external clock signal.

Setting bit D5 (CSNS_ratio_s) to 1 activates the “low- current” current sense ratio CSR1, optimal for measuring currents in the lowest
range. The default value [0] activates the “high-current” sensing ratio CSRO (Table 17).

Table 17. Current sense ratio selection

CSNS_ratio_s (D5) Current sense ratio
0 CRSO (default)
1 CRS1

The width of the overcurrent protection window(s) is controlled by bits D4 and D3 (tocH_s and tocm ), and also depends on the load
type configuration as shown in Table 18. (CONF[x] = 0: bulb, CONF[x] = 1: DC motor).

The lighting profile has two adjacent windows the width of which is compatible with typical bulb inrush current profiles. The width of the
first of these windows is either tocH1 Or tocHo. The width of the second window is either tocm1 | Of tocmz | (see Table 18).

The DC motor profile has one overcurrent window defined by two different thresholds (I ocH and | ocy) as illustrated by Figure 6. In
this case, the maximum overcurrent duration is selected among four values: tocm1_m, tocm2_m» tocH1, @nd tocHo-

Table 18. Dynamic overcurrent threshold activation times for bulb and DC motor profiles

CONFI[x] tocH s (D4) tocm_s (D3) Selected threshold activation times
0 0 0 toch1 and toem1_t
0 0 1 toch1 and toomz_L
0 1 0 tochz and tocm1_L
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Table 18. Dynamic overcurrent threshold activation times for bulb and DC motor profiles

0 1 1 tocHz and tocmz_L
1 0 0 tocm1_m

1 0 1 tocmz_m

1 1 0 tocH1

1 1 1 tocH2

Bit D2 (OCH_s) selects the value of the higher (upper) overcurrent threshold among two values. The default value [0] corresponds to
the highest value, and [1] to the lowest value (Table 19).

Table 19. OCH upper current threshold selection

OCH_s (D2) I ocH current threshold
0 | ocH1_s (default)
1 | ocH2_s

Bit D1 (OCM_s) sets the value of the middle overcurrent threshold. The default value [0] corresponds to the highest value, and [1] to
the lowest value (Table 20). In DC motor mode, there is no middle overcurrent threshold and the value of this bit has no influence.

Table 20. OCM current threshold selection

OCM_s (D1) OCM current threshold
0 I_OCM1_s (default)
1 I ocmz s

Bit DO (OCL_s) and D8 (HOCR) set the value of the lowest overcurrent threshold, as shown in Table 21.

Table 21. OCL Current Threshold Selection

HOCR (D8) | OCL_s (bit DO) Se'ectedlgg'l' current
0 0 |7OCL17X(defaU|t)
0 1 | ocL1 x
1 0 I ocL2 x
1 1 I ocL3 x

6.3.9 Address Ay101— auto-retry register (RETRYR_s)

The RETRYR_s register contents are used to set the different auto-retry options (Auto-retry) and the offset compensation feature of
the current sense function.

Setting bit D8 to 1(OFP = 1) causes the random offset current (and the overcurrent profile on the 06XS4200B) to be added to the
sensed current (pin CSNS). Setting bit D8 to 0 results in the offset current being subtracted from the sensed current.

Setting D3 and D2 (Table 22) to the appropriate values allows selection of the value of the auto-retry period among four predefined
values.

Table 22. Auto-retry period

Auto_period1_s (D3) Auto_period0_s (D2) Retry Period
0 0 tauTo_ oo (default)
0 1 tauTo_01
1 0 tauto_10
1 1 tauto_11
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Setting bit D1 to 1 (RETRY _unlimited_s = 1) results in an unlimited number of auto retries, provided the auto-retry function wasn’t
disabled.

Setting bit D1 to 0 (RETRY _unlimited_s = 0) limits the amount of auto retries to 16 (see Amount of auto-retries). The value of the
counter neither resets after delatching, nor when the fault disappears.

Setting bit DO (retry_s) enables or disable auto-retry, accordingly to setting of the CONF pin.

For CONF[x] = 0 (Lighting profile configured), setting retry_s = 1 disables auto-retry. The default value [0] enables it.
For CONF[x] = 1 (DC motor), setting retry_s = 1 enables auto-retry. The default value [0] disables it.

For details, see Table 12.

6.3.10 Address 0110— global configuration register (GCR)

The GCR register is used to activate various functions and diagnostic functions Table 12.

Setting bits D8 = 1 and D7 = 1 of the GCR register (PWM_en_1 and PWM_en_0) activates the internal PWM function of both channels
simultaneously according to the values of duty cycle and turn-on delays in the PWMR_s and CONFR_s registers (Table 7). However, this
option should never be used to drive channels in parallel. To increase the load current capability, the instructions in the section Parallel
operation should be followed.

Setting bit D6 sets parallel mode (improved switching synchronization between both channels). Only configuration and diagnostic
information of bank 0 (Ag = 0) is available in this setting (see Parallel operation).

Setting Bit D5 (T_H_en = 1) activates Track & Hold current sensing mode. When T&H is activated, the value of the channel’s load
current is kept available after turn-off.

Setting bit D4 (WD_dis = 1) disables the SPI watchdog function. A logic [0] enables the SPI watchdog.

Setting bit D3 (Vpp raiL_gn = 1) enables or disables the Vpp failure detection. When enabled, the device enters Fail-safe mode after
Vb < Vpp(FALL).

Bits D6 (parallel bit), D2 and D1 set the different (current) sensing options. The CSNS pin outputs a scaled value of the selected
channel’s load current, the sum of both currents or the die temperature, according to the values in Table 23. When the highest overcurrent
range is selected (bit D8 of the OCR register, HOCR = 0), the device’s CSNS pin only outputs scaled values of a single channel’s load
current.

Table 23. Current sense pin functionality selection

D8 D6 D2 D1 Activated function at CSNS pin
X X 0 0 disabled

0 X 0 1 current sensing on channel 0

0 X 1 0 current sensing on channel 1

0 X 1 1 temperature sensing

1 0 0 1 current sensing on channel 0

1 X 1 0 current sensing on channel 1

1 X 1 1 temperature

1 1 0 1 current sensing summed currents of channels 0 and 1

Setting bit DO (OV_dis = 1 of the GCR reg.) disables overvoltage protection. Setting this bit to [0] (default), enables it.

6.3.11 Address Ay111— calibration register (CALR_s)

The internal clock frequency of both channels can be calibrated independently. Setting the appropriate calibration word in the CALR_s
register (Table 12) puts the device in calibration mode. The default switching frequency is 400 Hz, but can be changed by applying a
specific calibration procedure. See Internal clock and internal PWM (Clock_int_s bit = 1).
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6.3.12 SO register addressing

The device has two register banks, each of which has five channel-specific SO registers containing the channel’s configuration and
diagnostics status (Table 13). These registers are FAULTR_s, PWMR_s, CONFR_s, OCR_s, and RETRYR_s.

Global fault and diagnostic information are contained in the following common SO-registers: STATR, GCR, and DIAGR. All the SO
registers can be addressed by setting the appropriate bits in the SI-STATR_s register (bits D13, D2, D1, D0). The value of the bit D13
determines which register bank is addressed (bank 0 or 1). Data is made available the next cycle after register addressing.

The output status register correctly reflects the contents of the addressed SO register as long as CSB is low, except when the data from
the previous SPI cycle was invalid. In this case, the device outputs the contents of the last successfully addressed SO register.

6.3.13 Serial output register assignment

The output register that is shifted out through the SO pin is previously addressed by bits D13, D2, D1, and DO of the STATR_s Sl
register (Table 12). Table 13 gives the functional assignment (OD15:0D0) of each of the thirteen SO register bits, preceded by the
address of the SI STATR_s required to address it.

» Bit OD15 (MSB) reports the state of the watchdog bit from the previously clocked-in SPI message.

» Bit OD14 (PF, active 1) reports an eventual parity error on the previously transferred Sl register contents.

» Bits OD13:0D10 echo the state of bits D13, D2, D1, and D0 (SOA3: SOAOQ) of the previously received S| word.

» Bit OD9: Normal mode (NM) reports the device state. In Normal Mode, NM = 1.

» Bits OD8:0DO0 are the contents of the selected SO register (addressed by bit D13 and bits D2:D0 of the previous SI STATR register).

6.3.14 Previous address SOA3:SOA; = 0000 (STATR)

When bits SOA3...SOAO of the previously received SI STATR_s register = 0000, the SO STATR register is addressed. Bits OD8:0D0
contain the relevant channel information: Faults, channel state, and supply voltage errors.
» Bits OD8:0DG6 report failures common to both channels
« Bit OD8 = OV = 1: overvoltage fault
« Bit OD7 = UV = 1: undervoltage fault
» Bit OD6 = POR = 1: power-on reset (POR) has occurred

Power-ON-Reset occurs when Vpyr < VsyppLypor)- The OV, UV, and POR bits can be reset by reading the STATR register.

Bits OD5:0D4 (Ry) of the STATR register are set to logic [1] when the auto-retry counter of the corresponding channel is full. These
bits are automatically cleared by resetting the corresponding auto-retry counter (see Reset of the auto-retry counter)

Bits OD3 (FAULT1) and OD2 (FAULTO) are set to logic [1] when channel-specific (non-generic) faults are detected:

FAULTs =0C_s+SC s+ OT_s+ 0OS_s + OLOFF_s + OLON _s.

The FAULTS bit can be reset by reading out the common STATR register or the individual FAULTR_s register (provided the fault has
disappeared).

Bits OD1:0DO0 (OUT1 and OUTO) report the channel’s switching state (ON/OFF) in real time.

6.3.15 Previous address SOA3:SOA; = A;001 (FAULTR_s)

Bit OD8 of both Fault registers (FAULTR_s) is set simultaneously when the overtemperature prewarning (OTW) condition occurs, but
the channels are not switched off (temperature of the common GND pin (#14)> Totwar)-
Reading either FAULT register clears both OTW bits.
Bits OD5:0D0 of the Fault register (FAULTR_s) report the faults that occurred on the channel previously selected by bit SOA3 = A
(Table 14).
« bit ODO = OC_s: overcurrent fault on channel s,
» bit OD1 = SC_s: severe short-circuit on channel s,
» bit OD3 = OS_s: output shorted to Vpyr on channel s,
» bit OD4 = OLOFF_s: open load in OFF state on channel s,
» bit OD5 = OLON_s: open load in ON state on channel s. (The threshold value above which this fault is triggered depends on the
selected current sense ratio; for CSR0 @ 500 mA typ. and for CSR1 @ 7.0 mA typ.).
The Fault Status pin (FS) is set to 0 (active Low) upon occurrence of any of the above mentioned faults. Latched faults can only be
delatched by the procedure described in Fault delatching.
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The FAULTR s register is reset when it is read out, provided that the failure cause has disappeared and latched faults have been
delatched.

6.3.16 Previous address SOA3:SOA; = A;010 (PWMR_s)

The device outputs the contents of the addressed PWMR_s register (Ag = 0 for bank 0 and Ay = 1 for bank 1).

6.3.17 Previous address SOA3;:SOA;y = Ajg011 (CONFR_s)

The device outputs the contents of the addressed CONFR_s register (Ag = 0 for bank 0 and Ag = 1 for bank 1).

6.3.18 Previous address SOA3:SOA; = A;100 (OCR_s)

The device outputs the contents of the addressed OCR_s register (Ag = 0 for bank 0 and Ag = 1 for bank 1).

6.3.19 Previous address SOA3;:SOA; = Ap101 (RETRYR_Ss)

The device outputs the contents of the addressed RETRYR_s register (Ag = 0 for bank 0 and Ay = 1 for bank 1).

Bit OD8 contains the value of the OFP bit (offset positive), used for current sense offset compensation. Bits OD7:0D4 contain the real
time value of the auto-retry counter. When these bits contain [0000], either auto-retry has not been enabled or Auto-retry did not occur.

6.3.20 Previous address SOA3:SOA; = 0110 (GCR)

The device outputs the contents of the General Configuration Register (GCR) common to both channels.

6.3.21 Previous address SOA3;:SOA; = 0111 (DIAGR_s)

Bit OD8 ( Ch. 1 = CONF1) and bit OD7 ( Ch. 0 = CONFO) of the DIAGR _s register contain the values of the channels’ configuration
bits (0 = bulb, 1 = DC motor)

Bits OD6:0D5 contain the Product Identification (ID) number, equal to 10 for the present dual 6.0 mOhm product.

Bits OD4:0D3 report the logic state of the direct inputs IN[1:0] in real time (1 = On, 0 = OFF), OD4 = Ch. 1, OD3 = Ch. 0.
Bit OD2 reports a logic [1] in case an external clock error occurred (if an external clock was selected by Clock_int = 0)
Bit OD1:0DO0 report logic [1] in case a calibration failure occurred during calibration of a channel’s internal clock period.
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7 Typical applications

Figure 23 shows the electrical circuit of a typical truck application. A 70 W lamp and 120 W DC motor are driven. As an example, an
external circuit is added that takes over load control in case Fail-safe mode is activated (FSOB goes low). This circuit allows keeping full
control of both channels in case of SPI failure.
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Figure 23. Typical application with two different load types
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8 Packaging

8.1 Soldering information

The 06XS4200 is packaged in a surface mount power package (PQFN), intended to be soldered directly on the printed circuit board.
The maximum peak temperature during the soldering process should not exceed 260 °C for 10 seconds maximum duration.
The AN2467 provides guidelines for Printed Circuit Board design and assembly.

8.2  Marking information

The device is identified by the part number: 06XS4200.

Device markings indicate information on the week and year of manufacturing. The date is coded with the last four characters of the
nine character build information

code (e.g. “CTKAH0929"). The date is coded as four numerical digits where the first two digits indicate the year and the last two digits
indicate the week. For instance, the date code “0929” indicates the 29th week of the year 2009.

8.3 Package mechanical dimensions

Package dimensions are provided in package drawings. To find the most current package outline drawing, go to www.nxp.com and
perform a keyword search for the drawing’s document number.

Package Suffix Package outline drawing number
23-pin PQFN FK 98ASA00428D
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http://wwwfreescale.com/files/analog/doc/app_note/AN2467.pdf
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Revision history

REVISION

DATE

DESCRIPTION OF CHANGES

1.0

8/2012

« Initial Release

2.0

5/2013

» Grammatical accuracy and form consistency changes made. No changes to content
« Revised back page. Updated document properties. Added SMARTMOS sentence to first paragraph

3.0

4/2014

* Added an Orderable parts table

« Added 06XS4200BFK to the ordering information

» Introduction of parameters related to 06XS4200B device (Table 1)

* Removed Rpgpp values at 1.0 A.

» Rectification of the inversion between Atp y values at slow and medium slew rate
* Removed ECI_rep values

« Change the ECI_sing value

* New VD_GND clamp value for 06XS4200B

4.0

4/2014

« No technical changes. Revised back page. Updated document properties.

5.0

5/2018

* Updated as per CIN 201805019l

» Changed steady-state current value from 9.0 to 12 A listed under features on page 1

* Updated lygjo:1) value in Table 3 (changed 9.0 to 12)

» Added clarification for diagnostic range to Table 5

» Updated load dump duration (changed 500 ms to 350 ms) and changed Vpyr from 14 V to 28 V in
Table 3

« Updated Track & Hold current sensing mode
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Hu1Boe NapTHEPCTBO

000 “/1aiipINeKTPOHUKC” “LifeElectronics” LLC

MHH 7805602321 K 780501001 P/C 40702810122510004610 ®AKb "ABCO/IOT BAHK" (3A0) 6 2.CaHkm-Ilemep6bypee K/C 30101810900000000703 EUK 044030703

KomnaHus «Life Electronics» 3aHumaemcsi nocmaskamu 351€KmMpPOHHbIX KOMITOHEHMO8 UMIOPMHO20 U
omedyecmeeHHo20 rpouseodcmea om npoudeodumernel u co ckrnados KpyrHbix ducmpubbomopos Esporibi,
AMepuku u Asuu.

C koHua 2013 200a KoMraHusi akmueHo pacwiupsiem fuHelKy MocmagoK KOMIOHEHMO8 0 HarnpaeneHuo
KoakcuarbHbIl kabesb, Keapuesbie 2eHepamopbl U KOHOeHCcamopbi (KepaMuyeckue, nieHoYHbIe,
3neKmposiumuyeckue), 3a cuyém 3akntoyeHuss ducmpubbromopcKux 002060p08

Mbi1 npednasaem:

o KoHKypeHmocnocobHbie UeHbl U CKUOKU MOCMOSIHHbIM KITUeHmMam.

e CrieyuarsnbHbie ycrio8usi 07151 TOCMOSIHHbIX KITUEHIMO8.

e [lod6op aHarnoeos.

lMocmaeky KomMrnoHeHmMo8 8 ftobbix obbemax, y0oernemeopstouUx eawum MompebHoCMSsM.

lpuemnembie cpoku nocmasku, 803MOXHa yCKOPEeHHasi mMocmaska.
Locmaeky mosapa & ritobyto moyky Poccuu u cmpaH CHI™.
KomrinekcHytro nocmasky.

Pabomy no npoekmam u rnocmasky obpa3syos.

®opmuposaHue ckiada nod 3akaszyuka.

Cepmucgbukambl coomeemcmeus Ha rnocmassnseMyro npooyKyuUto (Mo XenaHu KueHma).
o TecmuposaHue nocmasnsemMou npodyKyuu.

e [locmasKy KOMMOHEHMOo8, mMpebyruux 806HHYIO U KOCMUYECKYH MPUEMKY.

e  BxodHoli KOHMposib Ka4yecmea.

e  Hanu4yue cepmugpukama I1SO.

B cocmaee Hawel komnaHuu opeaHu3oeaH KoHcmpykmopckuli omderst, npu3eaHHbIl MomMozamb
paspabomyukam, U UHXEHepaM.

KoHcmpykmopckuli omOen nomoaaem ocyujecmseums:

Pezaucmpauuro npoekma y npousgooumersisi KOMIOHEHMOS.

TexHu4eckyro no0depXKy rnpoekma.

Bawumy om cHaMuUs KOMroHeHma ¢ npoussoocmea.

OueHKy cmoumocmu fpoeKkma ro KOMIOHeHmam.

U3ezomoerneHue mecmosol rnnambl MOHMaX U ryckoHanadoyHbie pabomeil.

lattis % A g nncen TP intessil, Panasons (T U170 ATEL AMDIN EEEs

0KI ﬂ_[ [ SANYD Quaoww RENESAS  SIEMENS SHARP _ ’[:E”"—:,l
g Sy, [IE moxm s U AT €N [qaL

BOURNME

NS 7, Citwbond DALLAS Meare  Gllegns (inteD e | ™ RONM
International . . — .
..-nﬂm.n._,,.,_ w@ TosHiga ZETEX 'niemalofa Amphenol élantec uichicon FU]ITSU

Viccn 5, e Y Sice . @ su@ N [BTOKO

Ten: +7 (812) 336 43 04 (MHO20KaHANbHbI)
Email: org@lifeelectronics.ru

www.lifeelectronics.ru
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