NSD56602-Q1

Eight channel Low-side and High-side

NOVOSLENSL

switches

Product Overview

The NSD56602 is an eight channel Low-side and
High-side switches, the output stages incorporate two
low-side and six auto-configurable high-side or low-
side switches, which is specially designed to control
relays and LEDs in automotive and industrial
applications.

The 16-bit serial peripheral interface (SPI) is utilized
to control and diagnose the device and the loads. The
SPl interface also provides daisy chain capability.
This device is able to keep its state at low battery
voltage (Vs 24.5 V).

The NSD56602 is equipped with two input pins that
are connected to two outputs. With the Input Mapping
it is possible to connect the input pins to different
outputs, or assign more outputs to the same input pin.
In this case more channels can be controlled with one
signal applied to one input pin.

In Limp Home mode (Fail-Safe mode) the input pins
are directly routed to channels 2 and 3.

The device provides diagnosis of the load via Open
Load at ON state, Open Load at OFF state and short
circuit detection. Temperature sensors are available
for each channel to protect the device against Over
Temperature.

Applications
* Relays
* LEDs and Bulbs

¢ Solenoids

Device Information

Part Number
NSD56602-Q1HTSBR

Package
HTSOP24

Body Size
8.65mm x 3.9mm

Key Features

* AEC Q-100 Qualified for Grade 1: Ta from —40 °C to
125 °C

* 16-bit serial peripheral interface for control and
diagnosis

* Daisy Chain capability SPI also compatible with 8-bit
SPI devices

e 2 CMOS compatible parallel input pins with Input
Mapping functionality

* Cranking capability downto Vs =4.5V

» Digital supply voltage range compatible with 3.3V and
5V micro-controllers

e Bulb Inrush Mode (BIM) to drive 2W lamps and
electronic loads

* Very low quiescent current
* Limp Home mode
* RoHS & REACH Compliance

Protection and Diagnostic Features
» Short circuit to ground or battery protection

* Over Current latch OFF

* Thermal shutdown latches OFF

» Latched diagnostic information via SPI register

* Over Load detection at ON state

* Open Load detection at OFF state using Output
Status Monitor function

* Qutput Status Monitor
* Input Status Monitor

* Open Load detection at ON state
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1. Pin Configuration and Functions

NCS

SCLK
SDI

SDO
GND
OuUTO_LS
OUT2 D
ouT2_S
ouUT4_ D
ouT4_S
ouT6_S
ouUT6_D

2g|lolx|N|jo|a|rlw|[N| -

-
N

° 24 VDD
23 INO
A vl 22 INT
X ' 21 IDLE
I .| 20 VS
| Exposed | 497 ouT1 Ls
1 pad 1
! 1| 18 | OUT3.D
! ' | 17 | OUT3_S
! ' | 16 | OUT5.D
(PR ' | 15 | OUT5_S
14 | OUT7_S
13 | OUT7.D

Figure 1.1 Pin Configuration NSD56602 in HTSOP24(Top View)

Table 1.1 NSD56602 Pin Configuration and Description

NSD56602 Symbol Type Function
Pin No.

1 NCS Input Chip Select, “low” active, integrated pull-up to VDD

2 SCLK Input Serial Clock, “high” active, integrated pull-down to ground

3 SDI Input Serial Input, “high” active, integrated pull-down to ground

4 SDO Output Serial Output, “Z” (tri-state) when NCS is “high”

5 GND Ground Ground connection

6 OUTO0 LS Output Drain of low-side power transistor (channel 0)
ouT2_D Output Drain of auto configurable power transistor (channel 2)

8 ouT2_S Output Source of auto configurable power transistor (channel 2)

9 OouT4_D Output Drain of auto configurable power transistor (channel 4)

10 OouUT4_S Output Source of auto configurable power transistor (channel 4)

11 ouT6_S Output Source of auto configurable power transistor (channel 6)

12 ouT6_D Output Drain of auto configurable power transistor (channel 6)

13 OouUT7_D Output Drain of auto configurable power transistor (channel 7)

14 OuUT7_S Output Source of auto configurable power transistor (channel 7)

15 OUT5_S Output Source of auto configurable power transistor (channel 5)

16 OouT5_D Output Drain of auto configurable power transistor (channel 5)

17 OUT3_S Output Source of auto configurable power transistor (channel 3)
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18 OuUT3_D Output Drain of auto configurable power transistor (channel 3)
19 OUT1 LS Output Drain of low-side power transistor (channel 1)
20 VS Power Power supply VS for power switches gate control and protections
21 IDLE Input Idle mode control, “high” activates Idle mode, integrated pull-down to
ground
Input pin 1, connected to channel 3 by default and in Limp Home mode,
22 IN1 Input P
high” active, integrated pull-down to ground
Input pin 0, connected to channel 2 by default and in Limp Home mode,
23 INO Input G S e
high” active, integrated pull-down to ground
24 VDD Power Digital supply VDD, supply voltage for SPI with support function to VS
Exposed Ground It is recommended to connect it to PCB ground for cooling and EMC - not
pad usable as electrical GND pin. Electrical ground must be provided by pins 5.

2. Block Diagram

vs [

voD I

VS / VDD monitoring, internal reference, OSC

IDLE I

INO

IN1

M Gate
control

1+

NCS

Digital
Logic

] Over current

scik [

Over temperature

A

SDI

OFF status monitor
SPI ON status monitor

SDO I

Register

L

louTo_Ls
OUT1_LS

Gate
control

v

Over current
Over temperature
OFF status monitor GND

Figure 2.1 Block Diagram of NSD56602
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3. Application Information

Note1: recommended components may depend on the requirements at system levels and shall be confirmed by specific
tests on the final application.
Note2 . There is no reverse polarity protection function in VS pin and OUTn_D pins of auto configuration as HSD. A reverse
protection diode or ideal diode must be added before VS pin and OUTn_D pins of auto configuration as HSD.

Adding 100nF capacitor to protect VS Reverse battery protection on
and OUTn_D against BCl is VS and HSD is necessary
necesiary
VBAT >

(]

R, L
Loads H

I 00 o

~

Fail-safe
signal input EZ
AA A INO
10 - IN1
control —\W
Input { — A IDLE
RIN
NSD56602
SPI
between %
MCU &
NSD56602 {/S {/SF {/SZ
_LIJ_GND COU;=COU;= COUT==COU;=COUL=COU;=COUL=COU;=
i = == = = =T = =T == = =
Figure 3.1 NSD56602 Application Diagram
Table 3.1 Suggested Component values
Reference ‘ Value Purpose ‘
R Protection of the micro-controller during Over Voltage and Reverse Polarity Guarantee
& 4.7kQ NSD56602 channels OFF during Loss of Ground
Rspi 500 Q Protection of the micro-controller during Over Voltage and Reverse Polarity
Rvop 100 Q Logic supply voltage spikes filtering
Cvop 100 nF Logic supply voltage spikes filtering
Cvs 68 nF Analog supply voltage spikes filtering
TVS P6SMB30 Transient voltage suppressor
Cour 22 nF Protection of NSD56602 against ESD and BCI
C1 100 nF Protection of VS and OUTn_D against BCI

Note: When fscik 2 2MHz or VDD=3.3V, resistor in SPI line is suggested 100R, and MCU /O is suggested to set in strong mode.
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4. General Product Characteristics

Table 4.1 Product summary

PARAMETER SYMBOL VALUES
Analog supply voltage Vs 45V ...28V
Digital supply voltage Vob 30V..55V
Typical on-state resistance at Ty = 25 °C Robs(on) 1Q
Nominal load current (Ta = 85 °C, all channels) [L(Nnowm) 330 mA
Maximum Energy dissipation - repetitive Ear 10 mJ @ ILear) = 220 mA
Minimum Drain to Source clamping voltage Vbs(cL) 39V
Minimum overload switches OFF threshold ILovLr) 500 mA
Typical VS quiescent currentat T, <85 °C IsLeep 1 pA
Maximum SPI clock frequency fscix 5 MHz
4.1. Absolute Maximum Ratings

Ty =-40 °C to +150 °C, all voltages with respect to ground.
PARAMETER SYMBOL MIN TYP MAX UNIT
Analog Supply voltage Vs -0.3 28 Vv
Digital Supply voltage Vbb -0.3 5.5 \Y
Supply voltage for load dump protection Vs(Lp) 39 \
Voltage at power transistor Vbs -0.3 39 V
Voltage at IDLE pin VioLe -0.3 5.5 Vv
Voltage at input pins Vin -0.3 5.5 Vv
Voltage at chip select pin Vnes -0.3 5.5 V
Voltage at serial clock pin Vscik -0.3 5.5 V
Voltage at serial input pin Vsbi -0.3 5.5 Vv
Voltage at serial output pin SDO Vspbo -0.3 Vpp+0.3 Vv
Junction Temperature Ty -40 150 °C
Storage Temperature Tstg -55 150 °C

4.2. ESD Ratings

Electrostatic discharge

Ratings
Human body model (HBM), per AEC-Q100-002-RevD +2000 Vv
Charged device model (CDM), per AEC-Q100-011-RevB 750 \%
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4.3. Recommended Operating Conditions
Parameters Symbol Min Typ Max Unit

Supply Voltage Range for Normal Operation Vs(NoR) 7 18 v
Upper Supply Voltage Range for Extended Operation " Vs (exT, up) 18 28 v
Lower Supply Voltage Range for Extended Operation " Vs (ext, Low) 45 7 v
Junction Temperature Ty -40 150 °C
Logic supply voltage Vb 3 55 v

1) Parameter deviation possible

4.4. Thermal Information

Parameters Symbol HTSOP24 Unit
Junction-to-ambient thermal resistance " Bua 28.4 °C/W
Junction-to-case(bottom) thermal resistance ") Buc bottom) 3.6 °C/wW
Junction-to-top characterization parameter Wit 21 °C/W

The thermal data is based on the JEDEC standard high-K profile, JESD 51-7, four-layer board.
1) Not subject to production test, specified by design

Zth VS Time

100

Zth/(°C/W)

Follow JEDEC 252P

0.1
0.0001 0.001 0.01 0.1 1 10 100 1000

Time/s

Figure 4.1 Typical Thermal Impedance
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5. Power supply

The device is supplied by two supply voltages:
* Vs (analog supply voltage used also for the logic)
* Voo (digital supply voltage)

The VS supply line is connected to a battery feed, and outputs Vreg by LDO. Vreg is used, in combination with VDD supply,
for the driving circuitry of the power stages. An increased current consumption may be observed at VDD pin when Vreg
voltage drops below VDD voltage (for instance during cranking events down to 4.5 V),

VS and VDD supply voltages have an undervoltage detection circuit. Function of the UV circuit is shown in Table 5.1.

Figure 5.1 shows a basic interaction between supply pins VS and VDD, the output stage drivers and SDO supply line.

VDD

X v

regulator

AAA
A

CMP

VREGl_Q

SWhvs

Logic

SWvbbp

Vbb—s

spo [X}—<}—— Digital & SPI

L

VvV

| AAA

Figure 5.1 NSD56602 Internal Power Supply concept

L

Vopa: Internal power rail

Analog & Driver ——X] OUT <7:0>

An overview of channel behavior according to different VS and VDD supply voltages is shown in Table 5.1 (the table is valid
after a successful power-up, see Chapter 5.1.1 for more details).

Table 5.1 Device capability as function of Vs and Vop

Vop < 3V

channels cannot be controlled

Voo 2 3V

channels cannot be controlled

SPI registers reset

SPI registers available

SPIl communication not available

Vs < Vsuy)
SPI communication not available SPI communication possible (fsc.k = 5 MHz)
Limp Home mode not available Limp Home mode not available
channels cannot be controlled by SPI channels can be switched ON and OFF (SPI control)
(Ros(on) deviations possible)
SPI registers reset SPI register available
Vs 2 Vsuy)

SPI communication possible (fsc.k = 5 MHz)

Limp Home mode available
deviations possible)

(Rps(on)

Limp Home mode available (Rbs(on) deviations possible)
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5.1. Operation Modes
NSD56602 has the following four operation modes: Sleep mode, Idle mode, Active mode and Limp Home mode.
The transition between operation modes is determined according to following levels and states:
* IDLE pin logic level
* INn pins logic level
* OUT.OUTNn bits state
* HWCR.ACT bit state
* HWCR_PWM.PWMO0 and HWCR_PWM.PWMH1 bits state
The operation mode of the NSD56602 can be observed by:
» status of output channels
« status of SPI registers
» current consumption at VDD pin (lvoo) and VS pin (lvs)
The state diagram including the possible transitions is shown in Figure 5.2

The default operation mode for switching on loads is Active mode. Output turn-on time ton will be extended due to the mode
transition latency.

init
v INn = “high”
IDLE = “high” - N & IDLE = “low”
. Sleep <
IDLE = “low” L INN = “low”
A
INn = “low” -
v IDLE = v
& VDD < VDD(UV) & INn = “on®
[ Idle ]4 [ Limp home ]
A A
HWCR.ACT =0
&OUT.OUTn =0
& HWCR_PWM.PWMn = 0 IDLE = “low”
& INn = “low” s & INn = “high”
g Active ] P
HWCR.ACT = 1 S IDLE = “high’

orOUT.OUTnh =1
or HWCR_PWM.PWMn = 1
or INn = *high”

Figure 5.2 Operation Mode state diagram

Table 5.2 shows the correlation between device operation modes, Vs and Voo supply voltages, and state of the important functions
(channels operativity, SPI communication and SPI registers).
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Table 5.2 Device function in relation to operation modes, Vs and Voo voltages

o . Undervoltage Undervoltage Vs not in Vs not in
peration condition on Vs condition on Vs undervoltage undervoltage
Mode Vo < 3V Voo 23V Vo < 3V Vop 23V
Channels not available not available not available not available
Sleep SPI comm. not available not available not available not available
SPl registers reset reset reset reset
Channels not available not available not available not available
Idle SPI comm. not available J not available J
SPI registers reset J reset J
Channels notavailable not available V (IN pins only) v
Active SPI comm. not available J not available J
SPI registers reset J reset J
Channels not available not available" v (IN pins only) v (IN pins only)
Limp Home SPI comm. not available / (read-only) not available / (read-only)
SPI registers reset / (read-only) reset / (read-only)

5.1.1. Power-up

The IC performs Power-up procedure when one of the supply voltages (Vs or Vop) is applied to the device and the INn or
IDLE pins are set to “high”.

5.1.2. Sleep mode
In sleep mode, the outputs of the device are OFF and the SPI registers are reset to default values. The current consumption
is minimum.

5.1.3.ldle mode

The current consumption of the device can reach the parameter IIDLE in Idle mode. The internal voltage regulator is still
working. Diagnosis functions are not available. The output channels are disabled. The SPI registers are working and SPI
communication is possible when VDD is available. ERRn bits are not cleared for functional safety reasons in Idle mode.

5.1.4. Active mode

Device current consumption is specified with Iactive. When IDLE pin is set to “high” and one of the input pins is set to “high”
or one OUT.OUTNn bit is set to “1” or one HWCR_PWM.PWMn bit is set to “1”, the device enters Active mode. The device
returns to Idle mode as soon as all inputs pins are set to “low” , OUT.OUTn bits are set to “0” , HWCR_PWM.PWMn bits
are set to “0” and HWCR.ACT is set to “0”. If all input pins are set to “low”, an undervoltage condition on VDD supply brings
the device into Idle mode.

5.1.5.Limp Home mode

When IDLE pin is “low” and one of the input pins is set to “high”, the device enters Limp Home mode switching ON the
channel connected to it. All other channels are OFF.SPI registers can be read but cannot be written. More in detail:

* VSUV and LOPVDD are set to “1”

* OLON and OLOFF bits are set to “0”

* ERRn bits work normally

* DIAG_OSM.OUTn bits can be read and work normally

* MODE bits are set to “018” (Limp Home mode)

* TER bit is set to “1” on the first SPI command after entering Limp Home mode. Afterwards it works normally

* When the device is in Limp Home mode, all other registers are set to their default value and cannot be programmed.

A transmission of SPI commands during transition from Active to Limp Home mode or Limp Home to Active mode may result
in undefined SPI responses.
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5.1.6. Definition of Power Supply modes transition times

When the device is in Active mode or in Limp Home mode the channel turn-on time is as defined by parameter ton. In all
other cases, it is necessary to add the transition time required to reach Active mode or Limp Home mode (as shown in
Figure 5.3).

init

tSLEEP2IDLE 4 tSLEEPZLH

4
@
[0
@
©
~—
A

tioLE2sLEEP \ tLH2sLeeP

( Channel fon
ldle tacTive2sLEER ON Limp home
N

A A A

ton

tACTIVEZIDLE Ve \ tACTIVEZLH

R Active J P

tIDLE2/-\CTIVE tLHZACTIVE

Figure 5.3 Transition Time diagram

5.2. Reset condition
One of the following 3 conditions resets the SPI registers to the default value:
* VDD is not present or below the undervoltage threshold Voouv
* IDLE pin is set to “low” (in limp home mode, see Chapter 5.1.5 for more details).
* Areset command (HWCR.RST set to “1”) is executed
- ERRn bits are not cleared by a reset command (for functional safety)
- VSUV and LOPVDD bits are cleared by a reset command
If there are no input pin set to “high”, all channels are switched OFF. And the Input Mapping configuration is reset.
5.2.1. Undervoltage on VS
Undervoltage behavior is shown in Figure 5.4

Between Vswv) raLL and Vswv)_rise the undervoltage mechanism is triggered. the logic will set the bit VSUV to “1” if the device
is operative and the supply voltage drops below the undervoltage threshold Vswv) raLL. The bit VSUV is set to “0” after the
first Standard Diagnosis readout as soon as the supply voltage VS is above the minimum voltage operative threshold
Vs(uv)_RISE.
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Vs

Vs(uv)ﬁrise

Vs(uv) fal

A

bit VSUV

\ 4

\ 4

Figure 5.4 VS Undervoltage Behavior

5.2.2.Low operating power on VDD

In VDD rise condition, when Voo < Vbo(or)_risg, the bit LOPVDD remains “17,

set to “0” after the first Standard Diagnosis readout.

In VDD fall condition, when Vbp > Voo(or)_raLL, the bit LOPVDD remains “0”,

to “1” after the first Standard Diagnosis readout.

5.3. Electrical Characteristics Power Supply

Vop=3V105.5V,Vs=7V1018V, Ts=-40 °C to +150 °C, all voltages with respect to ground.

Typical values: Voo =5V, Vs =13.5V, Ty =25 °C.

As soon as Voo > Vop(or)_rise the bit LOPVDD is

As soon as Vop < Vbp(or)_raLL the bit LOPVDD is set

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VS pin

Vs(uv)_FALL Analog supply undervoltage V_M falls until VSUV 36 4 43 Vv
shutdown falling triggers
Analog supply minimum i i

V(v Rise 9 pply ' VM rises until 4 45 49 Vv
operative voltage rising operation recovers
Undervoltage shutdown

Vs(Hys) ) 0.5 \Y
hysteresis
Analog supply current

Ivs(sLeep) consumption in Sleep mode with | Vop=Vncs=0V 1 20 MA
loads

VDD pin

Vob(op) Logic Supply Operating voltage fscik = 5 MHz 3.0 55 \Y
Logic supply undervoltage

Vbpuv_FALL . Vspl = Vscik=Vnes =0V 25 2.7 2.85 \Y
shutdown falling
Logic supply minimum operative

Vbpuv_Rise . Vspl = Vscik=Vnes =0V 2.6 2.8 2.95 \Y
voltage rising
VDD Undervoltage shutdown

Vbpuv_Hys ) g 0.1 \Y
hysteresis

Copyright © 2025, NOVOSENSE Page 13




NSD56602-Q1

Logic Supply Lower Operating

Vi 3.0 45 Y
open) Voltage
Logic Supply Lower Operatin
Voowory raL | 00 SUPPY PEIENS | vDDLOP from “0” to *1” 4 v
Voltage falling
Logic Supply Lower Operatin
Vbp(LOP)_RISE 9 pp y P 9 VDDLOP from “1” to “0” 4.2 \Y
Voltage rising
Logic supply current in Slee
Ivbp(sLEEP) g PPy P Vnes =Vop 0.1 10 MA
mode
Overall current consumption
Overall current consumption in
IsLeep VNes =Vop 30 MA
Sleep mode lvs(sLeep) +lvpp(sLEer)
Overall current consumption in fsok = 0 MHz,
lioLe IOL.OUTn =08 25 mA
Idle mode lvsgpLe) +lvbp(pLE) Vnes =Vob
Overall current consumption in fseik = 0 MHz
lacTive Active mode IOL.OUTn =08 45 mA
Ivs(acTive) +lvop(acTive) Vnes =Voo
Veore Voltage dlﬁeren(?e between, Vs 100 mv
and Vpp supply lines
Timings
from IDLE pin to TER +
1)
tsLEEP2IDLE Sleep to Idle delay ISM register = 86804 280 400 Ms
from IDLE pin to Standard
Diagnosis = 0000+
1) )
tioLE2sLEEP Idle to Sleep delay external pull-down SDO to 100 200 Js
GND required
tipLe2acTIVE Idle to Active delay " ];\%nolé\lz ?B?CS pins fo 100 200 HS
¢ Active to Idle delay ! from INn or NGS pins to 50 200 s
ACTIVE2IDLE Yy MODE = 118 M
i from INn pins to Vbs = 10%
tsLeeP2LH %Ieep to Limp Home delay vV P oS ° 400+ton 600+ton us
S
from INn pins to Standard
Limp Home to Sleep delay Diagnosis = 0000w,
t 100+t 400+t s
HHZSLEER R External pull-down SDO to o orF H
GND required
) ) from IDLE pin to MODE =
tLH2ACTIVE Limp Home to Active delay 10 50 100 Js
B
from IDLE pin to TER +
ISM register = 8683+ (INO
Active to Limp Home = IN1 = “high”) or 8682
t 50 100 s
ACTIVEZH delay " (IN1 = “high”, INO = “low”) H
or 86811 (IN1 = “low”, INO
= “high”)
tacrvezsieer | Active to Sleep delay ! from IDLE pin to Standard 80 100 us
Diagnosis = 0000w,
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External pull-down SDO to
GND required

1) Not subject to production test - specified by design

6. Control Pins
The device has three pins (INO, IN1 and IDLE) to directly control the device operation.

6.1. Input pins (INO, IN1)

The device has two input pins INO & IN1. Each input pin is connected to one channel in default (INO to channel 2, IN1 to
channel 3). In idle & active mode, input mapping registers MAP_INO and MAP_IN1 can be programmed to connect other
channels to the corresponding input pin, as shown in MAP_INO & MAP_IN1 register description. The signals to drive the
channels are generated by an OR combination between OUT control registers and INO & IN1 (together with input mapping
registers status).

OUT CONTROL r
register bits — Ctrl
- &
OR — Prot
MAP_INO
Register bits

INO >>— Channel 0

Channel 1 |
hannel 2

Channel 3 |
Channel 4 |
hannel 5 [
Channel 6 |

IN1 limp home default Channel 7 |

Register bits

IN1 >>—[|]
Figure 6.1 Input Mapping

The logic level of the input pins can be monitored via the Input Status Monitor Register (ISM). The input status monitor register
is also operative and available for SPI read when NSD56602 is in Limp Home mode.

6.2. IDLE pin

The IDLE pin is used to bring the device into Sleep mode or Limp Home mode, depends on the logic combination of IDLE and INx
pins. See Chapter 5.1 Operation Modes for further details

To ensure a proper mode transition, IDLE pin must be set for at least fipLe2sLeep (IDLE pin transition from “high” to “low”) or fsLeepaipLe
( IDLE pin transition from “low” to “high”).

After setting the IDLE pin to “low”, the following behavior are as below:
* All registers in the SPI are reset to default values.

* If both inputs INO & IN1 are also set to “low”, then:
Voo and Vs Undervoltage detection circuits are disabled to decrease current consumption.
SPI communication is not available, SDO pin remains in high impedance state.
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6.3. Electrical Characteristics Control Pins

Voo =3V1t055V,Vs=7Vto 18V, T;=-40 °C to +150 °C (unless otherwise specified)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX  UNIT
IDLE pin

Vioey Low input level 0 0.8 \Y
VioLEH) High input level 2.0 5.5 V
IibLEQ) Low input current Viole=0.8V 5 12 20 PA
liDLEH) High input current VioLe =2.0V 14 28 45 MA
RoLe Idle pin input pull-down resistor 50 70 150 kQ
Input Pins (INO & IN1)

Viny L-input level 0 0.8 v
ViNH) H-input level 2.0 5.5 \
Iy Low input current VioLe = 0.8 V 5 12 20 MA
IINGH) High input current Viole=2.0V 14 28 45 PA
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7. Power stages
The device is an eight channels low-side and high-side relay switch. The power stages are built by N-channel lateral power
MOSFET.

There are six auto-configurable channels which can be used either as low-side or as high-side switches. A charge pump is
connected to the output MOSFET gate in auto-configurable channels. Auto-configurable channels adjust the diagnostic and
protective functions according their potential at drain and source automatically.

The load is connected between ground and source of the power transistor (pins OUTn_S, n = 2...... 7) in high-side
configuration. The drains of the power transistors (OUTn_D, with “n” equal to the configurable channel number) can be
connected to any potential between ground and VS. The channel behaves like a high-side switch when the drain is
connected to VS.

In low-side configuration, the source of the power transistors must be connected to GND.
7.1. Operating modes
The ON-state resistance Rpson)depends on the supply voltage as well as the junction temperature T..

7.1.1. Switching resistive loads
The following switching times and slew rates can be considered, when switching resistive load.

INx/OUTnT

\4

toff

A tdelay(on) tdelay(off)

VDS
90% of VS

70% of VS

dV/dton dV/dtoft

30% of VS

10% of VS

\ 4

Figure 7.1 Switching ON/OFF timing using resistive Load

7.1.2. Inductive output active clamp

In order to avoid avalanche condition during switching-off an inductive load, the device integrates an internal active clamp,
which limits the voltage across the output power switch up to Vbsicr). And The potential at HSD Output pin is not allowed to go
below Vourt_s(cL)-

Figure 7.2 shows a concept drawing of the implementation. The clamping structure protects the device in all operative modes
(Sleep, Idle, Active, Limp Home).
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VS
low side channel
ouT
1
A L
VDs(cL)
GND
T
VS
VS
auto configurable auto configurable
channel as high side OUTn D channel as low side

— 0 OUTn_IZh)j

A LJ

Vbs(cL)
OUTn_S
] . (]
OouUTn_S
Vout_s(cL)
GND GND

Figure 7.2 Output Clamp concept
7.1.3. Maximum load inductance

During demagnetization of inductive loads, energy has to be dissipated in the NSD56602. Equation below shows how to calculate
the energy for low-side switches:

E= f(VDS * [D)dt = I(Cl * C4)dt
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SIGLENT
f(C1) < 2.0Hz

YV

H/\/\/\/\(\/\/\/\/\/\/\f\/\
V A

R TROEE(CT) B i
LHHE 4233V 233 9.83W 5.200m)

DCIM DCIM [5F-3 % C1DC b 3
10X 100V 1WA 100mA/ ] 24 1.09ms  1.00ms/div 1k 380V 204640
FULL 113V FULL  202mA 59 200Mpts 200MSa’s i b 2024/8129

C1:Vos C4:1D
F1: P=C1*C4=V*ID
F2: E=[(Vps * ID)dt = [(C1 = C4)dt
Equation below shows how to calculate the energy for high-side switches:

= f[(VS —Vour.s) * ID]dt = f[(Cl — C2) x C4]dt

SIGLENT

& i o B i i =3 i AaF N 3 M B B S

NAND A AAAAAAS
' AVuv”vvvuvvvvv

N TREEE(CT) )
LEE 13.67 -18.00v 7.83W 5.800m|

DCIM CIl (F. 1
10X 10.0v/ : VIA 5.00W/ 2.00m)/ << > 530us  1.00ms/div {E1E -9.00V
FULL 19.7v -333 U -195 -4.92W -5.93m| 1.00Mpts  100MSa/s i T

C1:VS C2:Vours C4:1D
F1: P=(C1-C2) *C4= (VS- Vour s) *ID
F2: E=[[(Vs — Vour s) * ID]dt = [[(C1 — C2) = C4]dt

The maximum energy, which is converted into heat, is limited by the thermal design of the component. When the inductances
connected to the outputs are demagnetized at the same time, the Ear value provided in Table 4.1 assumes that all channels
can dissipate the same energy.
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7.2. Switching Channels in parallel

During switching channels in parallel application, it may happen that the two channels switch OFF not fully synchronously, therefore
bringing an additional thermal stress to the channel that switches OFF last. In order to avoid this condition, NSD56602 provides in
the SPI registers (bits HWCR.PAR) the parallel operation of two neighbor channels. It is possible to synchronize the following
couples of channels:

* channel 0 and channel 2 - HWCR.PAR (0) set to “1”
* channel 1 and channel 3 - HWCR.PAR (1) set to “1”
* channel 4 and channel 6 — HWCR.PAR (2) set to “1”
* channel 5 and channel 7 — HWCR.PAR (3) set to “1”

When operating in this mode, the fastest channel to react to an Over Load or Over Temperature condition will also deactivate
the other of parallel group. The inductive energy that two channels can handle once set in parallel is lower than twice the single
channel energy.

Note: The synchronization bits only influence how the channels react to Over Load or Over Temperature conditions. Synchronized
channels ON/OFF have to be controlled by the micro-controller.

7.3. “Bulb Inrush Mode” (BIM)

Although device is optimized for relays and LED, it may be necessary to use one or more of the outputs to drive small lamps or
electronic loads with a big input capacitor. In such a case the inrush current trigger the overload diagnostic, switching the channel
OFF.

In normal operation in order to re-engage the channels from an overload condition, an SPI command to clear the latches (register
COEL. OUTNn) is needed, to allow the channel turning ON again; for some applications this re-engagement procedure takes too
long to transfer enough energy to activate the load.

The IC provides means to overcome this issue by setting BIM.OUTn bit to “1”.

Once this feature is enabled, in case the channel reaches the overload current threshold and latches OFF, it restarts automatically
after a time tinrush, allowing the load to go out of the inrush phase. The automatic engagement of the faulty channels lasts for a
BIM time (taim).

Once the taim counter is started, it is reset once the taim is expired.

Atime diagram is shown in Figure 7.3. While BIM.OUTn bits are set to “1”, ERRn bits may be also set to “1” but this doesn’t latch
the channel OFF. An internal timer set the bit BIM.OUTn back to “0” after 40 ms (parameter taim) to prevent an excessive thermal
stress to the channel, especially in case of short circuit at the output. The channel configured with BIM option can be either driven
by an SPI command (OUT.OUTn), PWM command (internal generator) or INn parallel input.

BIM.OUTnT
T »
INn/OUT.OUTn/
PWM command
T >
toviin
ILcovLo)
ILHT e n TN e SRR I
' taruss s t

ERRn

During the chip's periodic auto-retry operation: ERRn bit is setto 0 or 1.

Figure 7.3 Bulb Inrush Mode (BIM) operation

Copyright © 2025, NOVOSENSE Page 20



NSD56602-Q1

7.4. Automatic PWM Generator

Device has two independents automatic PWM generator implemented. These can be assigned to one or more channels, and can
be programmed with a different duty cycle and frequency.

Both refer to a base frequency fint generated by an internal oscillator. This base frequency can be adjusted using
HWCR_PWM.ADJ bits as described in Table 7.1.

Table 7.1 HWCR_PWM.ADJ coefficients overview

bit content absolute delta to fint

0000s (reserved)
0001s -37.2%
00108 -31.9%
0011s -26.9%
01008 -21.0%
01018 -15.5%
01108 -10.9%
0111s -5.8%
10008 -
10018 +4.3%
10108 +8.9%
10118 +14.0%
11008 +19.5%
11018 +25.6%
11108 +32.4%
11118 +40.0%

For each PWM generator four parameters can be set:
« duty cycle (bits PWM_CRO0.DC for PWM Generator 0)

— 8 configuration bits are available to achieve 0.39% duty cycle resolution

— In case the duty cycle is changed, the PWM generator waits until the previous cycle is completed before using the
new duty cycle (this happens also when the duty cycle is either 0% or 100% - the new duty cycle is taken with the
next PWM cycle)

— the maximum duty cycle achievable is 99.61% (PWM_CRO0.DC set to “111111118"). It is possible to achieve
100% by setting PWM_CRO0.FREQ to “11g”

« frequency (bits PWM_CRO0.FREQ for PWM Generator 0)
— with 2 bits is possible to select the divider for fint to achieve the needed duty cycle
Table 7.2 PWM_CRO0.FREQ generator available frequencies

PWM_CRO0.FREQ bit content PWM frequency (when fixt =102.4 kHz)

00s 100 Hz
01e 200 Hz
108 400 Hz

« channel output control and mapping registers PWM_OUT and PWM_MAP)
— any channel can be mapped to each PWM Generator

— itis possible to have 4 independent PWM groups of channels together with 2 parallel input
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Figure 7.4 expands the concept shown in Figure 6.1 adding the PWM Generators.

PWM GEN.O

PWM_MAP

PWM GEN.1

PWM_OUT

OUT CONTROL
register bits
MAP_INO

Register bits

INO >>—

MAP_IN1
Register bits

r Ctrl

—Y or> . &
e . Prot

Channel 0

Channel 1

hannel 2
Channel 3

Channel 4

hannel 5

Channel 6

IN1 limp home default Channel 7

IN1 >>—(|]

Figure 7.4 PWM Generator Mappings

7.5. Electrical Characteristics Power Stages
Vop=3V1t05.5V,Vs=7Vto 18V, T, =-40 °C to +150 °C (unless otherwise specified)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Output Characteristics

Roson) On-State Resistance Ts=25°C 1 Q

. T,=150 °C
Roson) On-State Resistance 1.8 2.2 Q
IL = ILEear) = 220 mA

Nominal load current (all _ o o

ILivom) channels active) " Ta=85°C, Ty£150 °C 330 500 mA
Nominal load current (all _ o o

ILnomy channels active) " Ta=105°C, Ty =150 °C 260 500 mA
Load current for maximum

LEAR) energy dissipation - repetitive Ta=85°C, Ty< 150 °C 220 mA
(all channels active) "
Maximum energy dissipation = 25°C |, =

Eas single pulse Ty=25°C, IL =2 X ILEAR) 50 mJ
Maximum energy dissipation _ o _

Eas single pulse ! Ty =150 °C, IL = 2 X IEAR) 25 mJ
Maximum energy dissipation Ty=85°C, IL = Lear)

Ear " 1 10 mJ
repetitive pulses- ILear) 2*10° cycles
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Ty =85 °C, IL = 2*ILEAR)
Maximum energy dissipation *4 M6
Ex repetitive pulses- 2*ILear) i;v%:ff; gy 15 mJ
(two channels in parallel) V ) -
for affected channels
Drain to Source Output L =20 mA
clamping voltage for L =20 mA,
Vosey configurable channels as low Vs=7V 39 43 a7 v
side
Source to Ground Output IL =20 mA
Vout sy clamping voltage Vs=Ven =7V 25 -16 v
Vin =0V or floating
Output leakage current (each Vs = 18V
uorm channel) Voutn_Hs=0V 01 3 WA
OUT.OUTn =0
Timings
RL=50Q
Turn-ON delay (from INx pinor | Vs=13.5V
foano bit to Vour = 10% Vs) Active mode/Limp Home 1 ° 10 He
mode
RL=50Q
Turn-OFF delay (from INx pin Vs =13.5V
foanern or bit to Vour = 90% Vs) Active mode/Limp Home 1 10 20 He
mode
RL=50Q
on Turn-ON time (from INx pin or Vs=13.5V 6 20 40 us
bit to Vour = 90% Vs) Active mode/Limp Home
mode
RL=500Q
o Turn-OFF time, (from INx pin | Vs =13.5V 6 20 40 us
F or bit to Vour = 10% Vs) Active mode/Limp Home
mode
RL=500Q
on - tors Tum-ON/OFF matching Vs =135V 10 0 10 us
Active mode/Limp Home
mode
RL=500Q
dV/dton Turn-ON slew rate (Vbs = 30% Vs=13.5V 05 13 25 Vis
to 70% Vs) Active mode/Limp Home
mode
RL=50Q
-dV/dtorr Turn-OFF slew rate (Vos =70% | Vs=13.5V 05 13 25 Vis
to 30% Vs) Active mode/Limp Home
mode
tinRUSH Bulb Inrush Mode restart time " | Active mode 40 us
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taim Bulb Inrush Mode reset time Active mode 40 ms
PWM Generator

it Internal reference frequency HWCR_PWM.ADJ = 10008 80 102 125 kHz

Internal reference frequenc

fixrovam) variation " d Y -15 15 %
tone L’?ﬁ;ﬂfé;gg{gcﬁéfﬂuency HWCR_PWM.ADJ = 1000s 5 10 us

1) Not subject to production test - specified by design
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8. Protection Functions

8.1. Over Load Protection

The device is protected in case of over load or short circuit of the load. This protection is present for each HS and LS driver. There are
two over load current thresholds (see Figure 8.1):

* | (ovLo) between channel switch ON and tovin
* IovL1) after tovuin

Every time the channel is switched OFF, the over load current threshold is set back to /.ovLo)

INx/0UTn

\ 4

ILcovio)

Tiovn TLovin

ﬁ
v

tovLiN

Figure 8.1 Over Load current thresholds

In case the load current is higher than I ovio) or Iovi1y and torrovr) elapsed, the over loaded channel is switched OFF and the
corresponding diagnosis bit ERRn is set.

After clearing the protection latch by setting the corresponding COEL.OUTn bit to “1”, the channel can be switched ON. This bit is
automatically set back to “0” internally after clearing latching status of the channel. Please refer to Figure 8.2 for details.

INx/0UTn T

ILn4

Trovin)
toff (ov1) \ /"\

\4

v

ERRn 0

v

A

COEL. OUTn 0 1 0

v

Figure 8.2 Latch OFF at Over Load

8.2. Over Temperature Protection

A temperature sensor is integrated for each channel, which switch off the channel in over temperature in order to prevent output
stage overheat.

Once the temperature increases above the Tysc) The according diagnosis bit ERRn is set (combined with Over Load protection).
The channel can be switched ON after clearing the protection latch by setting the corresponding COEL.OUTnbit to “1”. This bitis
set back to “0” internally after de-latching the channel.

8.3. Over Temperature and Over Load Protection in Limp Home mode

When the device is in Limp Home mode, channels 2 and 3 can be switched ON using the input pins INO and IN1. In case of Over
Load, Short Circuit or Over Temperature, the channels also switch OFF.
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In the meanwhile, the device provides auto-retry mechanism If the input pins remain “high” in limp home mode, the channels restart
with the following timings (See Figure 8.3 for details):

* 10 ms (first 8 retries)

* 20 ms (following 8 retries)

* 40 ms (following 8 retries)

+ 80 ms (as long as the input pin remains “high” and the error is still present)

INO/INI

\ 4

0 1 8 1 8 1 8 1 0 1

R 1 | (

Lretryo L) retryl (LH) Tretry2 (L) Lretry3 i tretryo(LH)

\4

Figure 8.3 Restart timer in Limp Home mode

Note: Every time the input pin is set to “low”, the restart timer is reset. And the timer starts from 10 ms again for the next over
temperature / load protection while in Limp Home mode

8.4. Reverse Polarity Protection

There is no reverse polarity protection function in VS pin and OUTn_D pins of auto configuration as HSD. A reverse
protection diode or ideal diode must be added before VS pin and OUTn_D pins of auto configuration as HSD.

For low side or auto configuration as low side, the reverse current through the channels is limited by the connected loads,
so there is no need to add reverse protection diode or ideal diode before them.

See Figure 3.1 Application Diagram for details.
8.5. Electrical Characteristics Protection
Vob=3V105.5V,Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Over Load
Over Load detection
ILcovLo) 1 1.7 2.5 A
current
Over Load detection
ILovL1) 0.5 09 1.5 A
current

Over Load threshold .
tovuin ) . Guaranteed by digital SCAN 110 170 260 Ms
switch delay time

Over Load shut-down
torrowL) delay time 10 15 20 us

Over Temperature

T Thermal shut-down 150 170 190 °C
480) temperature "

Timings
Restart time in Limp .

tRETRYO(LH) Guaranteed by digital SCAN 7 10 13 ms
Home mode
Restart time in Limp .

tRETRY1(LH) Guaranteed by digital SCAN 14 20 26 ms

Home mode
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Restart time in Limp .

tReTRY2(LH) Guaranteed by digital SCAN 28 40 52 ms
Home mode
Restart time in Limp .

tRETRY3(LH) Guaranteed by digital SCAN 56 80 104 ms
Home mode

1) Not subject to production test - specified by design
Copyright © 2025, NOVOSENSE Page 27



NSD56602-Q1

9. Diagnosis

The SPI of device provides diagnosis information about the device and the load status. Each channel diagnosis information
is independent from other channels. An error condition on one channel has no influence on the diagnostic of other channels
in the device (unless two neighbor channels are configured to work in parallel, see Chapter 7.2 for more details).

9.1. Over Load and Over Temperature

When either an Over Load or an Over Temperature occurs on one channel, the diagnosis bit ERRn is set accordingly. The
channel latches OFF and must be reactivated setting corresponding COEL.OUTn bit to “1”.

9.2. Output status Monitor
To monitor the output pin and load status, the device integrates dedicated voltage comparator for each channel. It compares
Vbs with Vbsior) (Low-Side channels and auto-configurable channels used as Low-Side switches) , Vour s with Vour s(oL)

(auto-configurable channels used as High-Side), and sets the corresponding DIAG_OSM.OUTn bits accordingly, based on
the below logic.

* Vps < Vps(oL) — DIAG_OSM.OUTn = “1” (Low-Side channels and auto-configurable channels as Low-Side)
* Vout_s > Vout_sior) — DIAG_OSM.OUTn = “1” (auto-configurable channels as High-Side)
The bits are updated every time DIAG_OSM register is read.

Additionally, a diagnosis current loL in parallel to the power switch can be enabled by programming the IOL.OUTn bit. With
loL enabled and power switch OFF, open Load in OFF state can be detected when DIAG_OSM.OUTn = “1”.

Open load in off state can be detected in the following case:

Channel Bit IOL.OUTn Bit DIAG_OSM.OUTn Bit OLOFF

OFF 1 1 1

Note:

1. If the diagnosis current lo. is enabled or if the channel changes state (ON — OFF or OFF — ON), it is necessary to wait a time
tosm for a reliable diagnosis.

2. Due to output status monitor checks the voltage level at the outputs in real time, for Open Load in OFF diagnostic, it is necessary
to read DIAG_OSM register after the channels switch off.

3. In Standard Diagnosis the bit OLOFF represents the OR combination of all DIAG_OSM.OUTn bits for all channels in OFF state
which have the corresponding current source IOL activated

4. Enabling lo current sources increases the current consumption of the device.

5. Even if an Open Load is detected, the channel is not latched OFF.

Output Status Monitor diagnostic is available when Vs = Vsnor) and Voo = Vopuy).

See Figure 9.1 for DIAG_OSM timing overview and Figure 9.2 for DIAG_OSM internal structure

INn/0UTn I

A

\4

Output voltag
comparator 0 X 1 X 0

\4

tonttosu tonttosu

SPI readout of 4
DIAG_OSM. OUTn

\4

A

DIAG_OSM. OUTn

\ 4

Figure 9.1 Output Status Monitor timing
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: lou),
low side channel

DIAG_OSM.OUTn

Vos <Vosw) — DIAG_OSM.OUTn="1" IGND

Vs

auto configurable
channel as high side

tou
auto configurable
channel as low side

DIAG_OSM.OUTn OuUTn_D

lov Vos

OuTn_s

Il

DIAG_OSM.OUTn

Vos < Vosou) ~ DIAG_OSM.OUTn="1"

<
1|

ND

Vour_s>Vour sor) ~ DIAG_OSM.OUTn="1" lG ND

Hig—

Figure 9.2 Output Status Monitor - concept

9.3. Open Load at ON

On each channel it is possible to request the open load at on diagnosis, the device will ignore the request of an open load
at on diagnosis in low side or in case the channel is configured as low side. By default, after a reset Open Load at ON
diagnosis is not active. The device compares the load current IL_sn with the open Load detection threshold current I oL). The
DIAG_OPL_ON.OUTn bit is set as follows:

IL_sn < Ior) — DIAG_OPL_ON. OUTn = “1” if Voutn_s > Vour _s(oL)
9.3.1.0pen Load at ON - direct channel diagnosis

The internal multiplexer checks for Open Load at ON condition on the selected channel when DIAG_OPL_ONEN.MUX bits
are programmed with a value corresponding to a channel (0010s — 0111g). Before activating the diagnosis, it is
recommended that the channel is ON for at least ton. The corresponding DIAG_OPL_ON. OUTn bit for the selected channel
is available after a time toLonser. All the other bits in the DIAG_OPL_ON register is set to default (“0s”). The bits are updated
every time the register is read.

The corresponding DIAG_OPL_ON. OUTn bit content is mirrored also in the Standard Diagnosis (bit OLON), when a
channel is selected. The register content is updated at every read request from micro-controller in case of several register
readouts in sequence. See Figure 9.3 for further details.
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A
DIAG_OPL_ON
EN.MUX 1111 =0XXX(ch.n)

A\ 4

INn/OUTnT

\ 4

ILnT / ILcoL)

ton toLonseT toLonsw toLonsw

SPI readout of 0
DIAG_OPL_ON.
OUTn

A
DIAG_OPL_ON.
OUTn X 0 1 1 0

—
\4

Figure 9.3 Open Load at ON timings (direct channels diagnosis)
9.3.2.Open Load at ON - diagnosis loop

The device starts a diagnosis loop where all high-side switches channels are checked for Open Load at ON when
DIAG_OPL_ONEN.MUX bits are programmed with the value 1010s.

First the internal logic checks all channels which are directly driven by MCU (including INx and OUT.OUTn) and not
configured to be driven by the internal PWM generator.

And then the internal logic checks all channels which are configured to be driven by the internal PWM generator.

* Diagnosis sequence for channels driven directly by MCU

- The first channel to be checked is channel 0. Prior to activating the diagnostic loop, the channel must remain in the
ON state for at least ton.

- The diagnosis for the first channel is completed (DIAG_OPL_ON. OUTn bit is updated) after a time toLonser.

- The internal multiplexer is set to the next channel. After a time to.onsw the diagnosis is completed
(DIAG_OPL_ON.OUTNn bit is updated) for the currently selected channel. This step is repeated for all other remaining
directly driven channels.

- The corresponding DIAG_OPL_ON. OUTn is set to “0s”, if one channel is OFF when the diagnosis is performed.

+ Diagnosis sequence for channels driven by the internal PWM Generators (see Chapter 7.4)

- These channels are diagnosed after all the channels that are directly driven by the microcontroller have been checked.
- Channels mapped to PWM Generator 0 are diagnosed first.

- After a time toLonser, the channel switch on is the trigger event to perform Open Load at ON diagnosis for the first
channel.

- The diagnosis for the first channel is completed (DIAG_OPL_ON. OUTn bit is updated) after a time tonmwax + toLonsw.

- The internal multiplexer is set to the next channel. The diagnosis is completed (DIAG_OPL_ON.OUTn bit is updated)
for the currently selected channel after a time toLonsw. This step is repeated for all remaining PWM generator driven
channels.

- If the channel is in OFF state during the PWM period, the internal logic waits until the channel change to the ON state
to perform the diagnosis. The diagnostic procedure for the channel is completed after a duration of tonmax + toLonsw.

- The minimum ON time for a reliable diagnosis is > tonmax + toLonsw. If the ON time is < tonmax + toLonsw the corresponding
DIAG_OPL_ON. OUTn is set to “0s".
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- If the PWM generator 0 or PWM generator 1 is actived without configuring the corresponding CRO or CR1, the
diagnostic loop module will wait for corresponding CRX to be configured, and normal diagnosis loop can't take place.

- If the PWM_MAP map the channel to PWM generator 1 which is not active, the diagnosis will not be able to exit the
diagnosis loop.

- When some channels are mapped to PWM generator 0 via PWM_MAP, but none of the channels are connected to
PWM generator 0 through PWM_OUT, there is a possibility that open load at ON cannot be diagnosed in the diagnosis
loop

- In summary, if the diagnosis loop function is to be utilized, the recommended initialization configuration is as follows:
* PWM_CRO register :(9300n)
* PWM_CR1 register :(9700r)
+ HWCR_PWM register: (8E83w)

When the loop finishes, DIAG_OPL_ONEN.MUX bits are set back to 1111s (default value) and DIAG_OPL_ON. OUTn bits
store the last diagnosis loop result. It is necessary to start another diagnosis loop to update the register content.

Figure 9.4 shows the timing in case of channels driven directly by micro-controller, while Figure 9.5 represents the case
with channels driven by internal PWM Generators.

A
DIAG_OPL_

ONEN.MUX 1111 1010 1111

\ 4

Ch.2(ON in
Open load)

\ ILioL)
\

ton toLonsET

\ 4

A
DIAG_OPL_ON
OUT2 X 1

Ch.3(ON) T / \

OLONS

\ 4

—
\4

A
DIAG_OPL_ON
ouT3 X 0

—
v

Ch.7(ON) T

v

toLonswtoLonswioLonswioLonsw

A
DIAG_OPL_ON
ouT7? X 0

\ 4

t

Figure 9.4 Open Load at ON timings (diagnosis loop - channels driven by micro-controller directly)
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A
DIAG_OPL_O
NEN.MUX" | 1111 1010

\4

PWM
Generator

v

t
foLONSET foNmAX toLonsw toNmAx

Multiplexer
switch for
diagnosis

(not allowed) Allowed (not allowed) Allowed

\ 4

foLONSW,

A
DIAG_OPL_ON.
ouT2 X (updated)

toLonsw,

A
DIAG_OPL_ON.
ouT4 X (updated)

\4

toLoNsw,

A
DIAG_OPL_ON.
OouUT5 X (updated)

A toLonsw,

DIAG_OPL_ON.
ouT7 X (updated)

t »

For example: When channels 2, 4, 5, and 7 are driven by the PWM
generator, the sequence of their diagnostic loops is as illustrated in the figure.
Figure 9.5 Open Load at ON timings (diagnosis loop - channels driven by internal PWM Generators)
9.3.3. OLON bit

The OLON bit can assume the following values:
* “0” = no Open Load at ON state detected, or the channel is OFF when the diagnosis is performed
* “1” = Open Load at ON state detected
According to the setting of DIAG_OPL_ONEN.MUX different information is reported in the Standard Diagnosis.

* DIAG_OPL_ONEN.MUX set to 00108 — 0111s: The OLON bit shows the Open Load at ON state diagnosis performed on
the selected channel. The information is updated at every Standard Diagnosis readout.

* DIAG_OPL_ONEN.MUX set to 1010s: the OLON bit shows the “OR” combination of all bits in DIAG_OPL_ON register.
The information is updated while the diagnosis loop is running.

* DIAG_OPL_ONEN.MUX set to 1111s: the OLON bit shows the result of the latest diagnosis loop performed. It is necessary
to start another diagnosis loop to update the information.

* DIAG_OPL_ONEN.MUX set to any other value: The OLON bit is set to “0”. These values of DIAG_OPL_ONEN.MUX bits
are reserved and should not be used in the application.
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9.4. Electrical Characteristics Diagnosis

Vop=3V1055V,Vs=7V1t0 18V, T,=-40 °C to +150 °C (unless otherwise specified)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX  UNIT
Output Status Monitor
Output Status Monitor comparator
tosm . 20 V&
settling time "
Output Status Monitor threshold voltage
Vosio (Low-Side channels and auto- 3 33 36 N
configurable channels used as Low-Side
switches)
Output Status Monitor threshold voltage
Vout_s(oL) (auto-configurable channels used as 3 3.3 3.6 v
High-Side switches)
lou Output diagnosis current Vbs =3.3V 60 85 105 HA
RoL Open Load equivalent resistance " Application information 28 300 kQ
Open load at ON
Open Load at ON Diagnosis waiting
onmax time before mux activation 40 58 76 HS
toLONSET tC.)per:)Load at ON Diagnosis settling 20 40 us
ime
Open Load at ON Diagnosis channel
toLonsw switching time " 10 20 HS
ILoL) Open Load detection threshold current 1 15 mA

1) Not subject to production test - specified by design
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10. Serial Peripheral Interface (SPI)

The SPI version of the device has full duplex, 4-wire synchronous communication. This section describes the SPI protocol, the
command structure, and the control and status registers. The device can be connected with the MCU in the following
configurations:

* One slave device
 Multiple slave devices in parallel connection
* Multiple slave devices in series (daisy chain) connection

The falling edge of NCS indicates the beginning of an access. Date is shifted out on line SDO at the first rising edge of SCLK
and sampled in on line SDI at first falling edge of SCLK. Each access must be terminated by a rising edge of NCS.

CPOL=0, CPHA=1

I | |
| \ |
SDO } )(MSB)‘(14)(13X12)(11X10X9X8)(7)(6)(5)(4)(3)(2X1XLSBh—
| T ‘ T
| | |
‘ | | ‘ | ‘
sDI ‘ MsB Y 14 Y13 12 Y 11 10X o X8 Y7 Ye s Va3 Y2 )1Y lss |
I |
| L | | \
s —_ || T
| L | |
‘ | | | ‘
SCLK ) 7| L
\ ; | [
time 1 - ! ‘ ‘
SDO shifting out atfirst ' SDI sampling on the | \
rising edge first falling edge

Figure 10.1 Serial Peripheral Interface

A modulo 8/16 counter ensures that data is taken only when a multiple of 8 bits has been transferred after the first 16 bits.
Otherwise a TER bit is asserted. In this way the interface provides daisy chain capability with 16 bits as well as with 8-bit SPI
devices.

10.1. SPI signal description

NCS - Chip Select: Whenever the pin is in “low” state, Data transfer can take place. Any signals at the SCLK and SDI pins are
ignored when NCS is in "high" state and SDO is forced into a high impedance state.

* NCS “high” to “low” Transition:
- The requested information is transferred into the shift register.

- SDO changes from high impedance state to "high" or “low” state depending on the logic OR combination between the
transmission error flag (TER) and the signal level at pin SDI. This allows to detect a faulty transmission even in daisy
chain configuration.

- If the device is in Sleep mode, SDO pin remains in high impedance state and no SPI transmission occurs.
* NCS “low” to "high" Transition :

- Command decoding is only done, when after the falling edge of NCS exactly a multiple (1, 2, 3, ...) of eight SCLK signals
have been detected after the first 16 SCLK pulses. In case of faulty transmission, the transmission error bit (TER) is set
and the command is ignored.

- Data from shift register is transferred into the addressed register.

SCLK - Serial Clock: This input pin clocks the internal shift register. The serial input (SDI) transfers data into the shift register
on the falling edge of SCLK while the serial output (SDO) shifts date out on the rising edge of the serial clock. It is essential
that the SCLK pin is in “low” state whenever chip select NCS makes any transition, otherwise the command may be not
accepted.

SDI - Serial Input: Serial input data bits are shift-in at this pin, MSB first. SDI information is read on the falling edge of SCLK.
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SDO Serial Output: Data is shifted out serially at this pin, MSB first. SDO is in high impedance state until the NCS pin goes to
“low” state. New data appears at the SDO pin following the rising edge of SCLK.

10.2. Parallel and daisy chain capability

SPI communication between micro controller (SPI master) and multiple these devices (slave) can be operated in parallel or in
daisy chain. Parallel operation: several slave devices are connected to one SPI channel, which share communication lines
SDI, SDO and SCLK, but every slave connects dedicated own NCS.

MCU CLK
soi NSD56XXX
spo  SPI Slave

NCS1 NS

SCLK

MOsI I
MISO IA

NCS2

SPI Master

NSD56XXX|
SPI Slave|

Figure 10.2 Parallel Configuration

Daisy chain operation: multi devices are connected with shared one NCS and SCLK, while each device SDI and SDO are
daisy-chain connected. An example of 3 devices in daisy chain as below Figure 10.3:

NSD56XXX NSD56XXX
SPI Slave SPI Slave

NSD56XXX
SPI Slave

NCS1 SCLK1 SDI1 SDO1 NCS2 SCLK2 sDI2 SDO2

NCS3 SCLK3 sSDI3 SDO3

MCU l

NCS

SCLK I
SPI mosi [

Master | wmiso I:

Figure 10.3 Daisy Chain Configuration

The NCS line must turn “high” to make the device acknowledge the transferred data in single chip configuration. In daisy chain
configuration, the data shifted out at device 1 has been shifted in to device 2. When using three devices in daisy chain, several
multiples of 8 bits have to be shifted through the devices. After that, the NCS line must turn “high”.

mI —{ ‘ SDO device 3 SDO device 2 SDO device 1 }7
MO 4{ SDI device 3 SDI device 2 SDI device 1
NCSs ‘l
sk LUy ey ey e L

Figure 10.4 Data Transfer in Daisy Chain Configuration
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10.3. Timing Diagrams

ENCS (lead)

NCS \

SCLK

Iscik )

tNCs (ag).

Ines (td) |

tSCLK(}-\I)J

fscik W]

DI ()

NN

SDI

tsD0 (en)
SDO %

~—/
=3

tSDO; 3 )

X /// ////

tspo (dT

7/ =77

Figure 10.5 Timing Diagram SPI Access
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10.4. Electrical Characteristics Serial Peripheral Interface (SPI)
Voo=3V1t055V,Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)

Typical values: Vop =5V, Vs =135V, T)=25°C

SYMBOL PARAMETER TEST CONDITIONS MIN ‘ TYP MAX  UNIT

Input Characteristics (NCS, SCLK, SDI) - “low” level of pin

Vnes() NCS 0 0.8 v

Vscikw) SCLK 0 0.8 v

Vspi) SDI 0 0.8 v

Input Characteristics (NCS, SCLK, SDI) - “high” level of pin

VNes(H) NCS 2 Vop \Y

Vscikm) SCLK 2 Voo v

VspiH) SDI 2 Vop \Y

Output Characteristics (SDO)

Vspoq) L level output voltage Isbo =-1.5 mA 0 04 \Y

Vspo(H) H level output voltage Isbo = 1.5 mA Voo - 0.4 Voo Vv

Timings

tNCsoad) Ena.lb.le lead time (falling NCS Voo 2 3V 200 ns
to rising SCLK) »

tNCS(ag) Enable lag time (falling SCLK Voo = 3V 200 ns
to rising NCS) "

tnes() Transfer dellay time (rising Voo = 3V 250 ns
NCS to falling NCS) "
Outputenabletime (falling .

tspoen) Voo 23V, CL =20 pF at SDO pin 200
NCSto SDO valid) " > LEeP P ns

tputdisable ti isi

tspoas Outputdisabletime (rising Voo 2 3V, CL = 20 pF at SDO pin 200 ns
NCSto SDO tristate) ”

fscik Serial clock frequency " Voo 23V 5 MHz

tscLkp) Serial clock period " Voo 23V 200 ns

tscLk(H) Serial clock “high” time " Voo 23V 75 ns

tsckw) Serial clock “low” time Vob 23V 75 ns

tsoiu) Data setu;? time (required time Voo = 3V 20 ns
SDI to falling SCLK) "

tsoih) Data hold time (falling SCLK Voo = 3V 20 ns
toSDl "

tspow) Output data valid time with Voo 2 3V, Cu = 20 pF at SDO pin 100 ns
capacitive load

1) Not subject to production test, specified by design
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10.5. SPI Protocol

The relationship between SDI and SDO content during SPI communication is shown in Figure 10.6.

SDI — frame A frame B frame C —

SDO — (previous response) response to frame A response to frame B |—

Figure 10.6 Relationship between SDI and SDO during SPI communication
The SPI protocol provides the answer to a command frame only with the next transmission triggered by the MCU.

SDI — Write register A Read register A (new command) —

SDO — (previous response) standard diagnostic register A content |—

Figure 10.7 Register content sent back to uC
There are 3 special situations where the frame sent back to the puC is not related directly to the previous received frame:

* In case an error in transmission happened during the previous frame (for instance, the clock pulses were not multiple of 8
with a minimum of 16 bits), shown in Figure 10.8

* When NSD56602 logic supply comes out of Power-On reset condition or after a Software Reset, as shown in Figure 10.9
* In case of command syntax errors

- “write” command starting with “11” instead of “10”

- ‘read” command starting with “00” instead of “01”

- “read” or “write” commands on registers which are “reserved” or “not used”

SDI — _frame A. . (new command) —
(error in transmission)
SDO — (previous response) Standard diagnostic + TER |——

Figure 10.8 NSD56602 response after an error in transmission
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Vob=VbDD(PO)

Y

SDI — frame A frame B frame C —

ISM register + TER
(8680h)

response to frame B |—

SDO — (SDO=“Z2")

Figure 10.9 NSD56602 response after coming out of Power-On reset at Vbp

frame A
SDI (syntax or addressing error) (new command)

SDO — (previous response) Standard diagnostic —

Figure 10.10 NSD56602 response after a command syntax error

A summary of all possible SPI commands is presented in Table 10.1, including the answer that NSD56602 sends back at the
next transmission.

Table 10.1 SPI Command summary "

Frame received from device (SDO pin) with

Requested Operation Frame sent to device (SDI pin) the next command

Read Standard Diagnosis 0xxXXXXXXxxxxxx01s 0ddddddddddddddds
("xxxxxxxxxxxxs” = don’t care) (Standard Diagnosis)
10aaaaccccccceccs

Write 10-bit register where: 0Oddddddddddddddds
“aaaag” = register address ADDRO (Standard Diagnosis)
“cccecccccces” = new register content
01aaaaxxxxxxxx10s 10aaaacccccccces

Read 10-bit registers where: where:
“aaaas” = register address ADDRO “aaaas” = register address ADDRO
“xxxxxxxxs” = don’t care “ccececccccces” = register content
10aaaabbccceccccecs
where:

: T 0ddddddddddddddd
Write 8-bit register “aaaag” = register address ADDRO °

“bbs” = register address ADDR1 (Standard Diagnosis)

“ccccccccs” = new register content

01aaaabbxxxxxx10s 10aaaabbcccccecces
where: where:

Read 8-bit registers “aaaag” = register address ADDRO “aaaas” = register address ADDRO
“bbs” = register address ADDR1 “bbs” = register address ADDR1
“xxxxxxg” = don’t care “cceeccececs” = register content

1) “a” = address bits for ADDRO field, “b” = address bit for ADDR1 field, “c” = register content, “d” = diagnostic bit
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10.6. SPI registers Overview

10.6.1. Standard Diagnosis
Table 10.2 Standard Diagnosis register
Bit 15| 14 | 13 | 12 | 11 | 10 9 8 716|543 [2/[1]0
FieldName | 0 | vsuv | (9P| MODE | TER | OLON | OLOFF ERR
Default | 0 | 1 1 1] 1] o0 0 0 olojofo]o|o]o]o

1) Default value is 7800H

Table 10.3 Standard Diagnosis register description

Bit

Field
Name

Type

Description

15

Reserved

0: reserved (default value)

14

VSUV

VS Undervoltage Monitor
0: No undervoltage condition on VS detected

1: (default) There was at least one VS Undervoltage condition since last Standard
Diagnosis readout

13

LOPVDD

VDD Lower Operating Range Monitor
0: VDD is above VDD(LOP)

1: (default) There was at least one “VDD = VDD(LOP)” condition since last Standard
Diagnosis readout

12:11

MODE

Operative Mode Monitor
00: (reserved)

01: Limp Home Mode
10: Active Mode

11: (default) Idle Mode

10

TER

Transmission Error

0: Previous transmission was successful (modulo 16 + n*8 clocks received, where n = 0,
1,2..)

1: (default) Previous transmission failed

The first frame after a reset is TER set to “high” and the ISM register. The second frame
is the Standard Diagnosis with TER set to “low” (if there was no fail in the previous
transmission).

OLON

Open Load at ON state Diagnosis
0: (default) No Open Load at ON detected
1: Open Load at ON detected

OLOFF

Open Load in OFF Diagnosis

0: (default) All channels in OFF state (which have IOL.OUTn bit set to “1”) have VDS >
VDS(OL)

1: At least one channel in OFF state (with IOL.OUTn bit set to “1”) has VDS < VDS(OL)
Channels in ON state are not considered

ERR7

Over Load / Over Temperature Diagnosis of channel 7
0: (default) No failure detected
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1: Over Temperature or Over Load

Over Load / Over Temperature Diagnosis of channel 6
6 ERR6 r 0: (default) No failure detected
1: Over Temperature or Over Load

Over Load / Over Temperature Diagnosis of channel 5
5 ERRS5 r 0: (default) No failure detected
1: Over Temperature or Over Load

Over Load / Over Temperature Diagnosis of channel 4
4 ERR4 r 0: (default) No failure detected
1: Over Temperature or Over Load

Over Load / Over Temperature Diagnosis of channel 3
3 ERRS3 r 0: (default) No failure detected
1: Over Temperature or Over Load

Over Load / Over Temperature Diagnosis of channel 2
2 ERR2 r 0: (default) No failure detected
1: Over Temperature or Over Load

Over Load / Over Temperature Diagnosis of channel 1
1 ERR1 r 0: (default) No failure detected
1: Over Temperature or Over Load

Over Load / Over Temperature Diagnosis of channel 0
0 ERRO r 0: (default) No failure detected
1: Over Temperature or Over Load

10.6.2. Register structure
The register structure is as follow:
Table 10.4 Register structure - all registers (with the exclusion of PWM_CRO and PWM_CR1)

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

r=0 r=1 ADDR
Field Name DATA
w= w=0 ADDRO ADDR1

Table 10.5 Register structure - PWM_CRO and PWM_CR1

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

Field Name ADDRO DATA

Table 10.6 Power output control register (REG_ADDR = 0x00)-OUT

D7 D6 D5 D4 D3 D2 D1 Do

Field Name OuT.OUT7 OUT.OUT6 | OUT.OUTS | OUT.OUT4 | OUT.OUT3 | OUT.OUT2 | OUT.OUT1 | OUT.OUTO

Default 0 0 0 0 0 0 0 0
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Table 10.7 Power output control register description

Bit Field Name Type Description

0: (default) Channel 7 output is OFF
7 OUT.OUT7 riw .

1: Channel 7 output is ON

0: (default) Channel 6 output is OFF
6 OUT.OUT6 riw .

1: Channel 6 output is ON

0: (default) Channel 5 output is OFF
5 OUT.OUT5 riw .

1: Channel 5 output is ON

0: (default) Channel 4 output is OFF
4 OUT.OUT4 riw .

1: Channel 4 output is ON

0: (default) Channel 3 output is OFF
3 OUT.OUT3 riw .

1: Channel 3 output is ON

0: (default) Channel 2 output is OFF
2 OUT.OUT2 riw .

1: Channel 2 output is ON

0: (default) Channel 1 output is OFF
1 OUT.OUT1 riw .

1: Channel 1 output is ON

0: (default) Channel 0 output is OFF
0 OUT.OUTO riw .

1: Channel 0 output is ON

Table 10.8 Bulb Inrush Mode control register (REG_ADDR = 0x01)-BIM

D7 D6 D5 D4 D3 D2 D1 DO
Field Name BIM.OUT7 | BIM.OUT6 | BIM.OUT5 | BIM.OUT4 | BIM.OUT3 | BIM.OUT2 | BIM.OUT1 | BIM.OUTO
Default 0 0 0 0 0 0 0 0
Table 10.9 Bulb Inrush Mode register description
Bit Field Name Type Description
0: (default) Channel 7 output latches OFF in case of errors
7 BIM.OUT7 riw ) )
1: Channel7 output restarts automatically in case of errors
0: (default) Channel 6 output latches OFF in case of errors
6 BIM.OUT6 riw ) )
1: Channel6 output restarts automatically in case of errors
0: (default) Channel 5 output latches OFF in case of errors
5 BIM.OUT5 riw . .
1: Channel5 output restarts automatically in case of errors
0: (default) Channel 4 output latches OFF in case of errors
4 BIM.OUT4 riw i )
1: Channel4 output restarts automatically in case of errors
0: (default) Channel 3 output latches OFF in case of errors
3 BIM.OUT3 riw ) )
1: Channel3 output restarts automatically in case of errors
0: (default) Channel 2 output latches OFF in case of errors
2 BIM.OUT2 riw . .
1: Channel2 output restarts automatically in case of errors
1 BIM.OUT1 riw 0: (default) Channel 1 output latches OFF in case of errors
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1: Channel1 output restarts automatically in case of errors

0: (default) Channel 0 output latches OFF in case of errors

0 BIM.OUTO riw . .
1: ChannelO output restarts automatically in case of errors
Table 10.10 Input Mapping (Input Pin 0) register (REG_ADDR = 0x04)-MAPINO
D7 D6 D5 D4 D3 D2 D1 DO
Field Name MAPINO. MAPINO. MAPINO. MAPINO. MAPINO. MAPINO. MAPINO. MAPINO.
ouT7 OuT6 OuT5 OouT4 OuT3 OouT2 OouT1 OouTo
Default 0 0 0 0 0 1 0 0
Table 10.11 Input Mapping (Input Pin 0) register description
Bit Field Name Type Description
7 MAPINO.OUT? y 0: (default) Channel 7 output is not connected to the INO
) W 1: Channel 7 output is connected to the INO
0: (default) Channel 6 output is not connected to the INO
6 MAPINO.OUT6 rw 1: Channel 6 output is connected to the INO
0: (default) Channel 5 output is not connected to the INO
5 MAPINO.QUTS rw 1: Channel 5 output is connected to the INO
0: (default) Channel 4 output is not connected to the INO
4 MAPINO.OUT4 rw 1: Channel 4 output is connected to the INO
0: (default) Channel 3 output is not connected to the INO
3 MAPINO.OUT3 v 1: Channel 3 output is connected to the INO
5 MAPINO.OUT2 y 0: Channel 2 output is not connected to the INO
) w 1: (default) Channel 2 output is connected to the INO
0: (default) Channel 1 output is not connected to the INO
1 MAPINO.OUTH rw 1: Channel 1 output is connected to the INO
0: (default) Channel 0 output is not connected to the INO
0 MAPINO.OUTO rw 1: Channel 0 output is connected to the INO
Table 10.12 Input Mapping (Input Pin 1) register (REG_ADDR = 0x05) -MAPIN1
D7 D6 D5 D4 D3 D2 D1 DO
Field Name MAPINT1. MAPINT1. MAPIN1. MAPIN1. MAPINT1. MAPINT1. MAPINT1. MAPIN1.
ouT7 OuT6 OuT5 OouT4 OuUT3 ouT2 OouT1 OouTo
Default 0 0 0 0 1 0 0 0
Table 10.13 Input Mapping (Input Pin 1) register description
Bit Field Name Type Description
7 MAPIN1.OUT? y 0: (default) Channel 7 output is not connected to the IN1
) W 1: Channel 7 output is connected to the IN1
0: (default) Channel 6 output is not connected to the IN1
6 MAPIN1.0UT6 rw 1: Channel 6 output is connected to the IN1
0: (default) Channel 5 output is not connected to the IN1
5 MAPIN1.0UT5 rw 1: Channel 5 output is connected to the IN1
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0: (default) Channel 4 output is not connected to the IN1

4 MAPIN1.0UT4 rw 1: Channel 4 output is connected to the IN1

0: Channel 3 output is not connected to the IN1

3 MAPIN1.0UT3 rw 1: (default) Channel 3 output is connected to the IN1

0: (default) Channel 2 output is not connected to the IN1
1: Channel 2 output is connected to the IN1
0: (default) Channel 1 output is not connected to the IN1

1: Channel 1 output is connected to the IN1

2 MAPIN1.0UT2 riw

1 MAPIN1.0UT1 r'w

0: (default) Channel 0 output is not connected to the IN1

0 MAPIN1.0UTO v 1: Channel 0 output is connected to the IN1

Table 10.14 Input Status Monitor register (REG_ADDR = 0x06)-ISM

Field Name TER reserved reserved reserved reserved reserved IN1 INO

Default 1 0 0 0 0 0 0 0

Table 10.15 Input Status Monitor register description

0: Previous transmission was successful (modulo 16 + n*8 clocks received, where n = 0, 1,
7 TER roo|2.)
1: (default) Previous transmission failed
6 reserved r 0: reserved (default value)
5 reserved r 0: reserved (default value)
4 reserved r 0: reserved (default value)
3 reserved r 0: reserved (default value)
2 reserved r 0: reserved (default value)
1 IN1 0: (default) The input pin is set to “low”
r
1: The input pin is set to “high”
0 INO 0: (default) The input pin is set to “low”
r
1: The input pin is set to “high”

Table 10.16 Open Load diagnostic current control register (REG_ADDR = 0x08) -DIAG_IOL

Field Name IOL.OUT7 | IOL.OUT6 | IOL.OUT5 | IOL.OUT4 | IOL.OUT3 | IOL.OUT2 | IOL.OUT1 IOL.OUTO

Default 0 0 0 0 0 0 0 0

Table 10.17 Open Load diagnostic current control register description

7 IOL.OUT7 riw 0: (default) Channel 7 diagnosis current not enabled
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1: Channel 7 diagnosis current enabled
0: (default) Channel 6 diagnosis current not enabled
6 IOL.OUT6 riw ) )
1: Channel 6 diagnosis current enabled
0: (default) Channel 5 diagnosis current not enabled
5 IOL.OUT5 riw . .
1: Channel 5 diagnosis current enabled
0: (default) Channel 4 diagnosis current not enabled
4 IOL.OUT4 riw . .
1: Channel 4 diagnosis current enabled
0: (default) Channel 3 diagnosis current not enabled
3 IOL.OUT3 riw ) )
1: Channel 3 diagnosis current enabled
0: (default) Channel 2 diagnosis current not enabled
2 IOL.OUT2 riw . .
1: Channel 2 diagnosis current enabled
0: (default) Channel 1 diagnosis current not enabled
1 IOL.OUT1 riw ] )
1: Channel 1 diagnosis current enabled
0: (default) Channel 0 diagnosis current not enabled
0 IOL.OUTO riw . .
1: Channel 0 diagnosis current enabled
Table 10.18 Output Status Monitor register (REG_ADDR = 0x09) -DIAG_OSM
D7 D6 D5 D4 D3 D2 D1 DO
Field DIAG_OSM. | DIAG_OSM. | DIAG_OSM. | DIAG_OSM. | DIAG_OSM. | DIAG_OSM. | DIAG_OSM. | DIAG_OSM.
Name ouT7 OouT6 OuT5 OouT4 OuT3 ouT2 ouT1 OouTOo
Default 0 0 0 0 0 0 0 0
Table 10.19 Output Status Monitor register description
Bit Field Name Type Description
0: (default) Channel 7 VDS > VDS(OL)
7 DIAG_OSM.OUT7 r
1: Channel 7 VDS < VDS(OL)
0: (default) Channel 6 VDS > VDS(OL)
6 DIAG_OSM.OUT6 r
- 1: Channel 6 VDS < VDS(OL)
0: (default) Channel 5 VDS > VDS(OL)
5 DIAG_OSM.OUT5 r
- 1: Channel 5 VDS < VDS(OL)
0: (default) Channel 4 VDS > VDS(OL)
4 DIAG_OSM.OUT4 r
1: Channel 4 VDS < VDS(OL)
0: (default) Channel 3 VDS > VDS(OL)
3 DIAG_OSM.OUT3 r
- 1: Channel 3 VDS < VDS(OL)
0: (default) Channel 2 VDS > VDS(OL)
2 DIAG_OSM.OUT2 r
- 1: Channel 2 VDS < VDS(OL)
0: (default) Channel 1 VDS > VDS(OL)
1 DIAG_OSM.OUT1 r
1: Channel 1 VDS < VDS(OL)
0: (default) Channel 0 VDS > VDS(OL)
0 DIAG_OSM.OUTO r
- 1: Channel 0 VDS < VDS(OL)
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Table 10.20 Open Load at ON Monitor register (REG_ADDR = 0x0A) - DIAG_OPL_ON

D7 D6 D5 D4 D3 D2 D1 DO

Field | DIAG_OPL | DIAG OPL_ | DIAG_OPL_ | DIAG_OPL_ | DIAG_OPL_ | DIAG_OPL_ | DIAG_OPL_ | DIAG_OPL_
Name | ON.OUT7 | ON.OUT6 | ON.OUT5 | ON.OUT4 | ON.OUT3 | ON.OUT2 | ON.OUT1 | ON.OUTO

Default 0 0 0 0 0 0 0 0

Table 10.21 Open Load at ON Monitor register description

Bit Field Name Type Description

0: (default) Channel 7 normal operation or diagnosis performed on channel 7 OFF

7 DIAG_OPL_ON.OUT7 r
- - 1: Channel 7 Open Load at ON detected

0: (default) Channel 6 normal operation or diagnosis performed on channel 6 OFF

6 DIAG_OPL_ON.OUT6 r
1: Channel 6 Open Load at ON detected

0: (default) Channel 5 normal operation or diagnosis performed on channel 5 OFF
5 DIAG_OPL_ON.OUT5 r )

: Channel 5 Open Load at ON detected

0: (default) Channel 4 normal operation or diagnosis performed on channel 4 OFF
4 DIAG_OPL_ON.OUT4 r )

: Channel 4 Open Load at ON detected

0: (default) Channel 3 normal operation or diagnosis performed on channel 3 OFF
3 DIAG_OPL_ON.OUT3 r 1

: Channel 3 Open Load at ON detected

0: (default) Channel 2 normal operation or diagnosis performed on channel 2 OFF
2 DIAG_OPL_ON.OUT2 r 1

: Channel 2 Open Load at ON detected

0: (default) Channel 1 normal operation or diagnosis performed on channel 1 OFF
1

1 DIAG_OPL_ON.OUT1 r
-~ : Channel 1 Open Load at ON detected

: (default) Channel 0 normal operation or diagnosis performed on channel 0 OFF

0 DIAG_OPL_ON.OUTO r
: Channel 0 Open Load at ON detected

- O

Table 10.22 Open Load at ON diagnostic control register (REG_ADDR = 0x0B) - DIAG_OPL_ONEN

D7 D6 D5 D4 D3 D2 D1 DO
Field Name reserved reserved reserved reserved DIAG_OPL_ONEN.MUX
Default 0 0 0 0 1 1 1 1
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Table 10.23 Open Load at ON diagnostic control register description

Bit Field Name Type Description
7 reserved riw reserved
6 reserved riw reserved
5 reserved riw reserved
4 reserved riw reserved

00008 Open Load at ON diagnostic active on channel 0
0001g Open Load at ON diagnostic active on channel 1
00108 Open Load at ON diagnostic active on channel 2
00118 Open Load at ON diagnostic active on channel 3
01008 Open Load at ON diagnostic active on channel 4
01018 Open Load at ON diagnostic active on channel 5
01108 Open Load at ON diagnostic active on channel 6

DIAG OPL ONEN. 01118 Open Load at ON diagnostic active on channel 7
3:0 Y riw
MUX 10005 (reserved)
10018 (reserved)
10108 Open Load at ON diagnosis loop start
1011s (reserved)
11008 (reserved)
1101s (reserved)
11105 (reserved)
11118 (default) Open Load at ON diagnostic not active
Table 10.24 Hardware Configuration Register (REG_ADDR = 0x0C) -HWCR
D7 D6 D5 D4 D3 D2 D1 DO
Field Name ACT RST reserved reserved PAR3 PAR2 PAR1 PARO
Default 0 0 0 0 0 0 0 0
Table 10.25 Hardware Configuration Register description
Bit Field Name Type Description
0: (default) Normal operation or device leaves Active Mode
7 ACT riw ) .
1: Device enters Active Mode
0: (default) Normal operation
6 RST riw .
1: Execute Reset command (self-clearing)
5 reserved riw 0: reserved (default value)
4 reserved riw 0: reserved (default value)
0: (default) Channel 7 and channel 5 Normal operation
3 PAR3 riw )
1: Channel 7 and channel 5 have Over Load and Over Temperature synchronized
0: (default) Channel 6 and channel 4 Normal operation
2 PAR2 r'w .
1: Channel 6 and channel 4 have Over Load and Over Temperature synchronized
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0: (default) Channel 3 and channel 1 Normal operation

1 PAR1 riw .
1: Channel 3 and channel 1 have Over Load and Over Temperature synchronized
0: (default) Channel 2 and channel 0 Normal operation
0 PARO riw )
1: Channel 2 and channel 0 have Over Load and Over Temperature synchronized
Table 10.26 Clear Output Error Latch Register (REG_ADDR = 0x0D) -COEL
D7 D6 D5 D4 D3 D2 D1 DO
Field Name COEL.OUT7 | COEL.OUT6 | COEL.OUT5 | COEL.OUT4 | COEL.OUT3 | COEL.OUT2 | COEL.OUT1 | COEL.OUTO
Default 0 0 0 0 0 0 0 0
Table 10.27 Clear Output Error Latch Register description
Bit Field Name Type Description
0: (default) Channel 7 Normal operation
7 COEL.OUT7 riw
1: Clear the error latch for the channel 7
0: (default) Channel 6 Normal operation
6 COEL.OUT6 riw
1: Clear the error latch for the channel 6
0: (default) Channel 5 Normal operation
5 COEL.OUT5 riw
1: Clear the error latch for the channel 5
0: (default) Channel 4 Normal operation
4 COEL.OUT4 riw
1: Clear the error latch for the channel 4
0: (default) Channel 3 Normal operation
3 COEL.OUT3 riw
1: Clear the error latch for the channel 3
0: (default) Channel 2 Normal operation
2 COEL.OUT2 riw
1: Clear the error latch for the channel 2
0: (default) Channel 1 Normal operation
1 COEL.OUT1 riw
1: Clear the error latch for the channel 1
0: (default) Channel 0 Normal operation
0 COEL.OUTO riw
1: Clear the error latch for the channel 0
Table 10.28 PWM Configuration Register (REG_ADDR = 0x0E) - HWCR_PWM
D7 D6 D5 D4 D3 D2 D1 DO
Field Name HWCR_PWM.ADJ reserved | reserved | HWCR_PWM.PWM1 | HWCR_PWM.PWMO
Default 1 0 0 0 0 0 0 0
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Table 10.29 PWM Configuration Register description

This feature is active only on auto-configuration channels used as high side switches.

Bit Field Name

Type

Description

74 HWCR_PWM.ADJ

riw

00005 (reserved)

0001g base frequency fint - 37.2%
0010g base frequency fint - 31.9%
00118 base frequency finT - 26.9%
0100s base frequency fint - 21.0%
01018 base frequency fint - 15.5%
01108 base frequency fint - 10.9%
0111g base frequency fint - 5.8%
10008 (default) base frequency fint
10018 base frequency fint + 4.3%
10108 base frequency fint + 8.9%
1011g base frequency fint + 14.0%
11008 base frequency fint + 19.5%
11018 base frequency fint + 25.6%
11108 base frequency fint + 32.4%
1111g base frequency fint + 40.0%

3 reserved

riw

reserved

2 reserved

riw

reserved

1 HWCR_PWM.PWM1

riw

0: (default) PWM Generator 1 not active
1: PWM Generator 1 active

0 HWCR_PWM.PWMO

riw

0: (default) PWM Generator 0 not active
1: PWM Generator 0 active

Table 10.30 PWM Generator Configuration 0 Register (REG_ADDRO = 0x0100s)- PWM_CRO

D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Field Name PWM_CRO.FREQ PWM_CR0.DC
Default 0 0 0 0 0 0 0 0 0 0
Table 10.31 PWM Generator Configuration 0 Register
Bit Field Name Type Description

9:8 PWM_CRO.FREQ riw

00g (default) internal clock divided by 1024
01g internal clock divided by 512

10g internal clock divided by 256

118 100% duty cycle

7:0

PWM_CR0.DC rw

(resolution: 0.39%)
000000008, PWM generator is OFF
111111118, PWM generator is ON (99.61% duty cycle)
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Table 10.32 PWM Generator Configuration 1 Register (REG_ADDRO = 0x0101s)- PWM_CR1

D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Field Name PWM_CR1.FREQ PWM_CR1.DC
Default 0 0 0 0 0 0 0 0 0 0
Table 10.33 PWM Generator Configuration 1 Register
Bit Field Name Type Description
00g (default) internal clock divided by 1024
01g internal clock divided by 512
9:8 PWM_CR1.FREQ riw . .
10s internal clock divided by 256
118 100% duty cycle
(resolution: 0.39%)
7:0 PWM_CR1.DC riw 000000008, PWM generator is OFF
111111118, PWM generator is ON (99.61% duty cycle)
Table 10.34 PWM Generator Output Control Register (REG_ADDR = 0x24) - PWM_OUT
D7 D6 D5 D4 D3 D2 D1 DO
Field PWM_OUT. | PWM_OUT. | PWM_OUT. | PWM_OUT. | PWM_OUT. | PWM_OUT. | PWM_OUT. | PWM_OUT.
Name ouT? OuTe OuUT5 OouT4 OuT3 ouT2 ouT1 OouTo
Default 0 0 0 0 0 0 0 0
Table 10.35 PWM Generator Output Control Register description
Bit Field Name Type Description
0: (default) channel 7 is not driven by one of the two PWM Generators
7 PWM_OUT.OUT7 riw .
- 1: channel 7 is connected to a PWM Generator
0: (default) channel 6 is not driven by one of the two PWM Generators
6 PWM_OUT.OUT6 riw .
- 1: channel 6 is connected to a PWM Generator
0: (default) channel 5 is not driven by one of the two PWM Generators
5 PWM_OUT.OUT5 riw .
1: channel 5 is connected to a PWM Generator
0: (default) channel 4 is not driven by one of the two PWM Generators
4 PWM_OUT.OUT4 riw .
- 1: channel 4 is connected to a PWM Generator
0: (default) channel 3 is not driven by one of the two PWM Generators
3 PWM_OUT.OUT3 riw .
- 1: channel 3 is connected to a PWM Generator
0: (default) channel 2 is not driven by one of the two PWM Generators
2 PWM_OUT.OUT2 riw .
1: channel 2 is connected to a PWM Generator
0: (default) channel 1 is not driven by one of the two PWM Generators
1 PWM_OUT.OUT1 riw .
- 1: channel 1 is connected to a PWM Generator
0: (default) channel 0 is not driven by one of the two PWM Generators
0 PWM_OUT.OUTO riw .
- 1: channel 0 is connected to a PWM Generator
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Table 10.36 PWM Generator Output Mapping Register (REG_ADDR = 0x25) - PWM_MAP

D7 D6 D5 D4 D3 D2 D1 DO
Field PWM_MAP. | PWM_MAP. | PWM_MAP. | PWM_MAP. | PWM_MAP. | PWM_MAP. | PWM_MAP. | PWM_MAP.
Name ouT? OuT6 OuT5 OouT4 OuT3 OouT2 ouT1 OouTo
Default 0 0 0 0 0 0 0 0
Table 10.37 PWM Generator Output Mapping Register description
Bit Field Name Type Description
0: (default) The selected output is connected to PWM Generator 0
7 PWM_MAP.OUT7 riw .
1: The selected output is connected to PWM Generator 1
0: (default) The selected output is connected to PWM Generator 0
6 PWM_MAP.OUT6 riw )
1: The selected output is connected to PWM Generator 1
0: (default) The selected output is connected to PWM Generator 0
5 PWM_MAP.OUT5 riw )
- 1: The selected output is connected to PWM Generator 1
0: (default) The selected output is connected to PWM Generator 0
4 PWM_MAP.OUT4 riw )
1: The selected output is connected to PWM Generator 1
0: (default) The selected output is connected to PWM Generator 0
3 PWM_MAP.OUT3 riw )
1: The selected output is connected to PWM Generator 1
0: (default) The selected output is connected to PWM Generator O
2 PWM_MAP.OUT2 riw .
- 1: The selected output is connected to PWM Generator 1
0: (default) The selected output is connected to PWM Generator 0
1 PWM_MAP.OUT1 riw
- 1: The selected output is connected to PWM Generator 1
0: (default) The selected output is connected to PWM Generator 0
0 PWM_MAP.OUTO riw .
1: The selected output is connected to PWM Generator 1
Copyright © 2025, NOVOSENSE Page 51




NSD56602-Q1

10.6.3. SPI command quick list
A summary of the most used SPI commands (read and write operations on all registers) is shown in Table 10.38
Table 10.38 SPI command quick list

Register “read” command “write” command content written
ouT 4002+ 80XXH XXH = XXXXXXXX8
BIM 4102+ 81XXn XXH = XXXXXXXX8
MAPINO 4402+ 84XXH XXH = XXXXXXXXB
MAPIN1 45024 85XXH XXH = XXXXXXXX8
ISM 46024 n.a. (read-only) -
DIAG_IOL 48024 88XXn XXH = XXXXXXXXB
DIAG_OSM 49024 n.a. (read-only) -
DIAG_OPL_ON 4A024 n.a. (read-only) -
DIAG_OPL_ONEN 4B02+ 8BXXH XXH = XXXXXXXX8
HWCR 4C021 8CXXH XXH = XXXXXXXX8
COEL 4D02H 8DXXn XXH = XXXXXXXX8
HWCR_PWM 4E024 8EXXH XXH = XXXXXXXX8
90XXH OXXH = 00XXXXXXXX8B
91XXn TXXH = 01XXXXXXXXB
PWM_CRO 5002+
92XXn 2XXH = 10XXXXXXXXB
93XXn 3XXH = T1XXXXXXXX8B
94XXH O0XXH = 00XXXXXXXX8B
95XXH TXXH = 01XXXXXXXXB
PWM_CR1 54024
96XXH 2XXH = 10XXXXXXXXB
97XXn 3XXH = T1XXXXXXXX8B
PWM_OUT 6402+ A4XXH XXH = XXXXXXXX8
PWM_MAP 6502+ A5XXH XXH = XXXXXXXX8
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11. Package Information
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12. Tape and Reel Information
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13. Ordering Information

Part Number Package Type Temperature ‘ Output State MSL SPQ
NSD56602-Q1HTSBR HTSOP24 40to125°c | 29D O aulo-configurable 3 | 4000
Note: All packages are RoHS compliant with peak reflow temperature of 260°C according to the JEDEC industry
standard classifications and peak solder temperature

Part Number Rule:

NSD56(6)(0)(2)-Q1

The number of channels: A
that can be matched with
high or low sides Grade 1
Auto
The number of High sides
channels
The number of Low sides
channels
14. Revision History
Revision Description Date
1.0 Initial version 2025/9/25
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IMPORTANT NOTICE

The information given in this document (the “Document”) shall in no event be regarded as any warranty or authorization of,
express or implied, including but not limited to accuracy, completeness, merchantability, fithess for a particular purpose or
infringement of any third party’s intellectual property rights.

Users of this Document shall be solely responsible for the use of NOVOSENSE’s products and applications, and for the
safety thereof. Users shall comply with all laws, regulations and requirements related to NOVOSENSE’s products and
applications, although information or support related to any application may still be provided by NOVOSENSE.

This Document is provided on an “AS IS” basis, and is intended only for skilled developers designing with NOVOSENSE'’s
products. NOVOSENSE reserves the rights to make corrections, modifications, enhancements, improvements or other
changes to the products and services provided without notice. NOVOSENSE authorizes users to use this Document
exclusively for the development of relevant applications or systems designed to integrate NOVOSENSE'’s products. No
license to any intellectual property rights of NOVOSENSE is granted by implication or otherwise. Using this Document for
any other purpose, or any unauthorized reproduction or display of this Document is strictly prohibited. In no event shall
NOVOSENSE be liable for any claims, damages, costs, losses or liabilities arising out of or in connection with this Document
or the use of this Document.

For further information on applications, products and technologies, please contact NOVOSENSE (www.novosns.com).

Suzhou NOVOSENSE Microelectronics Co., Ltd
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