NOVOSLENSLE

NSD56008-Q1

8CH, 1Q, 40V, Fully Protected
Automotive Low-side Switch

Product Overview

The NSD56008 is an eight-channel low-side switch
specifically 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 SPI
interface also provides daisy chain capability.

This device is designed for low supply voltage operation,
therefore being able to keep its state at low battery voltage
(Vs=4.1V) when Vs falls down.

The NSD56008 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 oneinput 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
OFF state and short circuit detection. Temperature sensors
are available for each channel to protect the device against
Over Temperature.

Applications
* Relays

* LEDs

* Motors

+ Solenoids

Key Features

* 16-bit serial peripheral interface for control and diagnosis

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

+ 2 CMOS compatible parallel input pins with Input Mapping
functionality

* Cranking capability downtoVs=4.1V

+ Digital supply voltage range compatible with 3.3V and 5V
microcontrollers

+  Verylow quiescent current
* LimpHome mode

* AEC-Q100 (Grade 1) qualified for automotive application

Protection and Diagnostic Features
+ Shortcircuit to battery protection

*  OverCurrent latch OFF

*  Thermalshutdown latches OFF

*+ Latched diagnostic information via SPI register

* OverLoad detection at ON state

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

¢+ Output Status Monitor

* Input Status Monitor

Device Information
Part Number Package Body Size
NSD56008-Q1HTSBR | HTSOP24 8.65mm x 3.9mm
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1. Pin Configuration and Functions

NCS 1| @ 24 VDD
SCLK 2 23 INO
SDI 3| s----- . |22 INL
SDO 4| ! IDLE
GND 5 : bl 20 'S
OUTOLS | 6 | 1Exposedt | 19 | OUTL_LS
OUT2.LS | 7| 1+ pad | | 18] ouTa_Ls
GND 8 E i 17 GND
ouT4_Ls [ 9 | ! I | 16 | OUT5_LS
NC 10 S----- ! 15 NC
NC 11 14 NC
OUT6_LS | 12 13 | OUT7_LS

Figure 1.1 NSD56008 Pinout

Table 1.1 NSD56008 Pin Configuration and Description

SYMBOL PIN NO. TYPE DESCRIPTION

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

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

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

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

GND 5,8,17 Ground | Ground connection

OUTO_LS |6 Output | Drain of low-side power transistor (channel 0)

ouT2_LS |7 Output | Drain of low-side power transistor (channel 2)

OUT4_LS |9 Output | Drain of low-side power transistor (channel 4)

NC 10,11,14,15 Not Connected, internally not bonded

OuUT6_LS | 12 Output | Drain of low-side power transistor (channel 6)

OUT7_LS | 13 Output | Drain of low-side power transistor (channel 7)

OUT5_LS | 16 Output | Drain of low-side power transistor (channel 5)

OUT3_LS | 18 Output | Drain of low-side power transistor (channel 3)

OUT1_LS |19 Output | Drain of low-side power transistor (channel 1)

VS 20 Power Power supply Vs for power switches gate control and protections

IDLE 21 Input Idle mode control, “high” activates Idle mode, integrated pull-down to ground

INL 2 Input Input pin 1,connected to channel 3 by default and in Limp Home mode, “high” active,
integrated pull-down to ground

INO 23 Input Input pin 0,connected to channel 2 by default and in Limp Home mode, “high” active,
integrated pull-down to ground

VDD 24 Power Digital supply Voo, Supply voltage for SPIwith support function to Vs

Exposed _ It is recommended to connect it to PCB ground for cooling and EMC - not usable as

pad electrical GND pin. Electrical ground must be provided by pins 5, 8 and 17.
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2. Block Diagram
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3. Application information

Notel: 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. A reverse protection diode or ideal diode must be added before VS pin.

Reverse battery protection on VS is necessary

<
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input

10 control
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Figure 3.1 NSD56008 Application Diagram

Table3.1 Suggested Component values

Reference Value Purpose

R ATKO Protection of the micro-controller during Over Voltage and Reverse Polarity Guarantee NSD5600¢
' channels OFF during Loss of Ground

Rspi 500 Q Protection of the micro-controller during Over Voltage and Reverse Polarity

Ryop 100 Q Logic supply voltage spikes filtering

Cvoo 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 NSD56008 against ESD and BCl

Note: When fseix = 2MHz or VDD = 3.3V, resistor in SPI line is suggested 100R, and MCU 1/O is suggested to set in strong mode

Copyright © 2024, NOVOSENSE Page 6



NSD56008-Q1

4. General Product Characteristics

Table4.1 Suggested Component values

SYMBOL PARAMETER VALUES
Vs Analog supply voltage 45V...28V
Voo Digital supply voltage 3.0V...5.5V
Rosion) Typical on-state resistance at T, = 25 °C 10
[Lvom) Nominal load current (T, =85 °C, all channels) 330 mA
Ear Maximum Energy dissipation - repetitive 10 MJ @ I ear) = 220 MA
Vbs(cy Minimum Drain to Source clamping voltage 42V
L oviy) Minimum overload switches OFF threshold 500 mA
IsLeep Typical VsquiescentcurrentatT,<85°C 1.1pA
fscix Maximum SPI clock frequency 5MHz

4.1. Absolute Maximum Ratings
Absolute Maximum Ratings ¥ T,=-40 °C to +150 °C,all voltages with respect to ground
SYMBOL PARAMETER MIN MAX UNIT
Vs Analog Supply voltage -0.3 28 Vv
Voo Digital Supply voltage -0.3 55 Vv
Vs(p) Supply voltage for load dump protection 42 Vv
Vos Voltage at power transistor -0.3 42 Vv
VioLe Voltage at IDLE pin -0.3 55 Vv
Vin Voltage at input pins -0.3 55 Vv
Vies Voltage at chip select pin -0.3 5.5 v
Vscik Voltage at serial clock pin -0.3 5.5 Vv
Vsp Voltage atserialinputpin -0.3 55 Vv
Vspo Voltage at serial output pin SDO -0.3 Vpp+0.3 v
T, Junction Temperature -40 150 °C
Tstg Storage Temperature -55 150 °C
1) Notsubject to production test, specified by design

4.2. Functional Range
SYMBOL PARAMETER MIN MAX UNIT
VsnoR) Supply Voltage Range for Normal Operation 7 18 Vv
Vsexron ? UpperSupply Voltage Range for Extended Operation 18 28 v
Vsiexriow ¥ Lower Supply Voltage Range for Extended Operation 4.5 7 Vv
T, Junction Temperature -40 150 °C
Voo Logic supply voltage 3 55 v

1) Parameter deviation possible
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4.3. Thermal Resistance

SYMBOL DESCRIPTION MIN TYP MAX UNIT
1)
R 5.5 K/W
e Junction to Case(bottom) Thermal Resistance /
1)
R 30 K/W
oA Junction to Ambient Thermal Resistance /
1)
Wyt 2.6 K/W

Junction-to-top characterization parameter

The thermal data is based on the JEDEC standard high-K profile, JESD 51-7, four-layer board.

1) Notsubjectto production test, specified by design

Zth/(°C/W)

Zth VS Time

100

0.1
0.0001 0.001 0.01 0.1 1 10

Time/s

Figure 4.1 Typical Thermal Impedance

4.4, ESD Ratings

SYMBOL

PARAMETER

100

Follow JEDEC 2S2P

1000

VALUE

Electrostatic discharge

Human-body model, per AEC-Q100-002-RevD , Vesp-uem

+4000

Charged-device model, per AEC-Q100-011-RevB , Vesp.com

+750
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5. Power Supply
The NSD56008 is fed by two supply voltages:
*  Vs(analogsupply voltage used also for the logic)

* Voo (digital supply voltage)

The Vs supply line is connected to a battery feed, and outputs Ve, by LDO. Vi is used, in combination with Vpp supply, for the
driving circuitry of the power stages. An increased current consumption may be observed at VDD pin, when Vs voltage drops
below Vpp voltage (forinstance during cranking events down to 4.1 V).

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

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

Voo Vs
VREG
regulator
VREG
>
2
+ SWs
2z cMP Logic Vooa: Internal power rail
[ I _ SWvop
Vb —6~
| |

sp0 [—<——— Digital & sPi Analog & Driver ———X] OUT<7:0>

L L

Figure 5.1 NSD56008 Internal Power Supply concept

When Vs < Vpp +0.7 + Vspier (Vspire is hysteresis between Vpp and Vs) NSD56008 operates in “Cranking Operative Range” (COR). The current
consumption from VDD pin increases while it decreases from VS pin where the total current consumption remains within
the specified limits in this condition. Figure 5.2 shows the voltage levels at VS pin where the device goes in and out of COR.
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Supply A
voltage
Vs

_______________________________ Voo+0.7+Vspire
—————————————————————————————— Voo+0.7-Vspire

' o
t
COR A
NO YES NO
-
t
Supply A
current | lvs
Ivop
-

Figure 5.2 “Cranking Operative Range”

An overview of channel behavior according to different Vs and Vpp 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 Vpp

Voo<Voouy Voo2Vopwy)

channels can be switched ON and OFF (SPI control)

h o .
channels cannot be controlled (Rosion deviations possible)

Ve<Vsuu SPIregisters reset SPIregisters available
SPlcommunication not available SPIcommunication possible (fsc.x =5 MHz)
Limp Home mode not available Limp Home mode available (Rpsion) deviations possible)
channels cannot be controlled by SPI channels can be switched ON and OFF (SPI control)

(Ros(on) deviations possible)

SPIregisters reset SPI register available

Vs 2Vsuy)
SPlcommunication not available SPIcommunication possible (fsc.x =5 MHz)

Limp Home mode available (Rpsion) deviations | Limp Home mode available (Rpson) deviations
possible) possible)
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5.1. Operation Modes
NSD56008 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.OUTn bits state
*  HWCR.ACT bit state
The operation mode of the NSD56008 can be observed by:
+ statusof output channels
+  status of SPI registers
* current consumption at VDD pin (kpp) and VS pin (hs)
The state diagram including the possible transitions is shown in Figure 5.3.

The default operation mode to switch ON the loads is Active mode. Output turn-on time toy will be extended due to the mode
transition latency.

init
INn =“high”
IDLE=“high” - Y N &IDLE="“low’
> Sleep J<
IDLE = “low” S yy INn =“low”
v INn = “IOW” IDLE = “low” v
&VDD <VDD(UV) & INN = “low”
[ Idle ]< [ Limp home ]
A A
HWCRACT =0
&OUT.0UTh =0 IDLE = “low”
&INn::leWﬂ ( &Ianuhighn
_ Active P
HWCRACT=1 ™ IDLE = “high”
orOUT.OUTn=1
orINn = “high”

Figure 5.3 Operation Mode state diagram
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Table 5.2 shows the correlation between device operation modes, Vs and Vpp supply voltages, and state of the important functions
(channels operativity, SPl communication and SPI registers).

Table 5.2 Device function in relation to operation modes, Vs and Vpp voltages

Operation . Unde.r\.loltage Unde‘r\.loltage Vs notin Vs notin
Mode Function condition on V; conditionon Vs undervoltage undervoltage
Voo =Voouy) Voo >Vopuy Voo Voo Voo >Viowy)
Channels not available not available not available not available
Sleep SPl comm. not available not available notavailable notavailable
SPlregisters reset reset reset reset
Channels not available not available not available not available
Idle SPlcomm. not available J not available /
SPIregisters reset J/ reset J/
Channels notavailable v v (IN pins only) v/
Active SPlcomm. not available J/ not available /
SPI registers reset J/ reset J/
Channels not available v (IN pins only) / (IN pins only) 7 (IN pins only)
Limp Home = SPlcomm. not available / (read-only) not available / (read-only)
SPIregisters 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 Vip) is applied to the device and the INn or IDLE pins are set to
‘(highﬂ'

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.lIdle mode

The current consumption of the device can reach the parameter lip¢ 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 /xcrive. 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”, 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” and HWCR.ACT is set to “0”. If all input pins are set to “low”, an undervoltage condition on Vpp 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 is brought into 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:

* VSUVand LOPVDD aresetto “1”

*  OLOFFbitsaresetto “0”

* ERRn bits work normally

* DIAG_OSM.OUTn bits can be read and work normally

*  MODE bits are set to “015” (Limp Home mode)

+ TERbDitissetto “1” on the first SPl command after entering Limp Home mode. Afterwards it works normally

*  WhenthedeviceisinLimp Home mode, all other registers are set to their default value and cannot be programmed.

Copyright © 2024, NOVOSENSE Page 12



NSD56008-Q1

5.1.6.Power Supply modes transition

When the device is in Active mode or in Limp Home mode the channel turn-on time is as defined by parameter toy. In all other
cases, itis necessary to add the transition time required to reach Active mode or Limp Home mode (as shown in Figure 5.4).

init
tSLEEP2IDLE e X N tSLEEP2LH
> Sleep J:
tIDLE2SLEEP - tLH2SLEEP
A
\ 4 \ 4
Channel ton
Idle tACTIVE2SLEEP ON Limp home
—
X A 7}
ton
tACTIVE2IDLE - tACTIVE2LH
Active ] P
tIDLE2ACTIVE ™ tLH2ACTIVE

Figure 5.4 Transition Time diagram

5.2. Reset condition
The following 3 conditions reset the SPIregisters to the default value:
*  Vppisnotpresentor below the undervoltage threshold Vppuy)
* IDLE pinissetto “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

Iftherearenoinputpinsetto “high”,allchannels are switched OFF. And the Input Mapping configuration is reset.

Copyright © 2024, NOVOSENSE Page 13
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5.2.1.Undervoltage on Vg
Undervoltage behavior is shown in Figure 5.5.

Between Vsy e and Vsuy 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 Vs raii- 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 Vsuy_rise.

A

Vs

Vs(uv)_rise

Vs(uw)_fall
>t

A
blt Vs(uv)
0 1 0

Tt

Figure 5.5 Vs Undervoltage Behavior

5.2.2.Low Operating Power on Vp;,

In Vpp rise condition, when Vpop <Vooop) rise, the bit LOPVDD remains “1”,  As soon as Vpp > Vpp(or) rise the bit LOPVDD is set to “0”
after the first Standard Diagnosis readout.

In Vpp fall condition, when Vpp > Vopop) rauL, the bit LOPVDD remains “0”,  As soon as Vpp < Vppor) raL the bit LOPVDD is set to “1”
after the first Standard Diagnosis readout.
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5.3. Electrical Characteristics Power Supply
Vop=3Vto5.5V,Vs=7Vto 18V, T,=-40 °Cto +150 °C, all voltages with respect to ground. Typical values: Vop =5V, Vs =13.5V, T,=25°C

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VS pin
Analo suppl undervoltage
Vs(uv)_raLL & .pp y 8 Vy falls until VSUV triggers 33 3.7 4.1 v
shutdown falling
Analog supply minimum operative . . .
Vs(uv)_rise . Vy rises until operation recovers 3.7 4.2 4.7 v
voltage rising
Vsuys) Undervoltage shutdown hysteresis 0.5 Vv
Analog supply current consumption
I Vpp=V 11 20
VSISLEER) in Sleep mode with loads PN HA
Analog supply current consumption | fi =0 MHz
I 12 2.2 mA
VSOt in Idle mode with loads Vies =Voo
| Analog supply current consumption | £ . =0 MHz 03 | maA
VSOt inIdle mode with loads (COR) Vnes =Vop ’
Analog supply current consumption | fsc.x =0 MHz, DIAG_IOL.OUTn =0;
lvsacTive) . . . _ 2 4.2 mA
in active mode with loads Vies =Voo
Analog supply current consumption | foc .« =0 MHz, DIAG_IOL.OUTh=0;
lvs(acTive) . . . . 0.3 mA
in active mode with loads (COR) Ves =Voo
VDD pin
Logic Supply Operating
VDD(OP) fSCLK =5MHz 3.0 5.5 v
voltage
Logic supply undervoltage shutdown Vsoi =0V, VSC”,‘,: 0 V’_VNCS =0V
Voouy_raLL . SO from “low” to high 2 2.4 27 |V
falling :
impedance
Logic supply minimum operative Vsoi =0V, V,“”‘:,OV’ Vies=0V
Vobuv_rise - SO from high impedance to 2.2 2.65 3 v
voltage rising “low”
ow
VDD Undervoltage  shutdown
Voouv_Hvs h . & 0.25 v
ysteresis
Logic Supply Lower Operatin
Voo(Lop) & PPY P & 3.0 45 |V
Voltage
Logic Supply Lower Operatin
Vob(Lop)_FALL & p.p Y P & VppLop from “0” to “1” 4 Vv
Voltage falling
Logic Supply Lower Operatin
Vob(Lop)_rise 5 . I.Dp y P & Vooroe from “1” to “0” 4.2 \Y
Voltage rising
lvop(sieep) Logicsupply currentin Sleep mode Vnes =Vop, T,285°C 0.1 25 | pA
lvob(steep) Logicsupply currentin Sleep mode Vnes =Vop, T;=150°C 10 HA
lvoogoLe) Logic supply currentin Idle mode fscik =0 MHz, Ves =Vop 0.3 mA
Logic supply current in Idle mode
lvbo(oLe) fscik =0 MHZ, Vyes =Vop 1.2 2.2 mA
(COR)
lvop(acTive) Logic supply current in Active mode fscux =0 MHz, DIAG_IOL.OUTn =0g 0.3 mA
Vines =Voo
Logic supply current in Active mode | fi..x =0 MHz, DIAG_IOL.OUTn=0;
lvbp(acTive) _ - 2 4.2 mA
(COR) Vnes =Voo
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Overall current consumption
Overall current consumption in Slee
loweer P P Vs =Voo, T,<85°C 5 pA
mode lvs(sLeep) *Ivop(sLeer)
Overall current consumption in Slee
sieep P P Vnes =Vop, T,=150°C 30 MA
mode lvs(sieer) *lvop(stLeep)
Overall current consumption in Idle | fscx =0 MHz, DIAG_IOL.OUTNn=0;
liLe - 2.5 mA
mode lvsoLe) +lvopgoLe) Vies =Voo
Overall current consumption in | fsck =0 MHz, DIAG_IOL.OUTn=0;
lACTIVE . _ 4.5 mA
Activemode lvsiactive) HvopacTive) Vies =Voo
Volt diff bet , Vs and Vv
Veore o age' ifference between, Vs and Vpp 0 100 "y
supply lines
Timings
1)
tsieepainte Sleepto Idle delay from IDLE pin to TER + ISM register = 200 | 400 | ps
86804
1)
N Idleto Sleep delay from IDLE pin to Standard Diagnosis = 100 200 | us
0000y, external pull-down SDO to GND
required
. 1)
tibLE2ACTIVE Idle to Active delay . 100 200 us
from INn or NCS pins to MODE = 10g
. 1)
tacTive2iDLE Active to Idle delay ) 100 200 | us
from INn or NCS pins to MODE = 11;
. 1) 300 600
tsLeepaLH Sleep to Limp Home delay ) MS
from INn pins to VDS = 10% VS +ton +ton
1)
i i is = 200 400
tsices Limp Home to Sleep delay from INn pins to Standard Diagnosis us
00004, External pull-down SDO to GND torr | tHorr
required
. . 1)
tLhaacTIvE Limp Home to Active delay . 50 100 | ps
from IDLE pin to MODE = 10s
1)
from IDLE pin to TER + ISM register =
tactveaLn Active to Limp Home delay 8683y (INO = IN1 = “high”) or 8682y (IN1 50 100 | ps
= “high”, INO = “low”) or 8681 (IN1 =
“low”, INO = “high”)
1)
tacrvessices | Active to Sleep delay from IDLE pin to Standard Diagnosis = 50 100 | ps
0000y, external pull-down SDO to GND
required.
1)  Not subject to production test, specified by design
Copyright © 2024, NOVOSENSE Page 16
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6. Control Pins

The device has three pins (INO, IN1 and IDLE) to directly control the device operation without using SPI.
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 Figure 6.1. The signals to drive the channels are generated by an OR combination between
OUT control registers, INO and IN1.

OUT CONTROL —
register bits | ctrl
] &
OR
m Prot
MAP_INO
Register bits
INO >D>—T} Channel0
Channel1 [
Channel2
Channel3 |
MAP_IN1 Channel4 |
Register bits Channel5 |
Channel6 |
IN1 limp home default Channel 7 [

IN1 >>—[|]

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 NSD56008 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.

Figure 6.1 Input Mapping

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

After setting the IDLE pin to “low”, the following behavior are as below:
+ Allregistersin the SPI are reset to default values
+ Ifbothinputs INO & IN1 are also set to “low”, then

- Vppand Vs Undervoltage detection circuits are disabled to decrease current consumption
- SPlcommunication is notavailable, SDO pin remains in high impedance state
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6.3. Electrical Characteristics Control Pins
Vop=3Vto 5.5V, Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
IDLE pin

A Low input level 0 0.8 v
Viiew) High input level 2.0 5.5 V
=) Low input current Vio,e =0.8V 5 12 20 MA
lipLew) High input current Vipie=2.0V 14 28 45 HA
Rioie Idle pin input pull-down resistor 70 kQ
Input Pins (INO & IN1)

Ving Low input level 0 0.8 v
Vi High input level 2.0 5.5 v
I Low input current Vin=0.8V 5 12 20 pA
INH) High input current Vy=2.0V 14 28 45 HA

Copyright © 2024, NOVOSENSE
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7. Power Stages
The NSD56008 is an eight channels low-side switch. The power stages are built by N-channel lateral power MOSFET.
Rosonydepends on the supply voltage and junction temperature T,.
7.1. Operating modes
7.1.1.Switching Resistive Loads

In the case of resistive loads switching, refer to the following switching times and slew rates.

INx/OUT.OUTn

\4

toff
ton t

tdelay(off)

A tdelay(on)

VDS

90% of VS

70% of VS

dV/dton dV/dtoffl

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 NSD56008 integrates an internal active clamp,
which limits the voltage across the output power switch up to Vpsc).

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).

Vs

low side channel Load L

ouT
[
A L

L

: Vbs(cL)

ol
I

Figure 7.2 Output Clamp concept
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7.1.3.Clamping Energy Calculation Method

During demagnetization of inductive loads, energy has to be dissipated in the NSD56008. Equation below shows how to calculate
the energy for low-side switches:

E = [ (Vs * ID)dt = [ (C1* C4)dt

SIGLENT
f(C1) < 2.0Hz

il \‘{\ il AVAVAU[\ MANNAAAAA

A
[yvvr

¥

J\ 1
\_-

MR TREE(E(CT) BAHE(CA
Bl 47.67V 1133w EREEN

DCIM DC B s €1DC
10X 10, A 100mA/ 1.09ms  1.00ms/div ik 20:46:05
FULL 113V FULL  -202mA - 2.00Mpts 200MSa/s il L3R 2024/8/2

Cl: VDS C4:1D
F1: P=C1*C4=Vps*ID
F2 E= j (Vos * ID)dt = j (C1%C4)dt

The maximum energy, which is converted into heat, is limited by the thermal design of the component. The Ex value provided in
Chapter 4 General Product Characteristics assumes that all channels can dissipate the same energy when the inductances
connected to the outputs are demagnetized at the same time.

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, NSD56008 provides in
the SPI registers (bits HWCR.PAR) the parallel operation of two neighbor channels. It is possible to synchronize the following
couplesofchannels:

+ channel0and channel 2> HWCR.PAR (0) setto “1”
* channellandchannel 3> HWCR.PAR (1) setto “1”
+ channel4and channel 6 > HWCR.PAR (2) setto “1”
* channel5and channel 7> HWCR.PAR (3) setto “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.
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7.3. Electrical Characteristics Power Stages
Vop=3Vto 5.5V, Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Output Characteristics
Ros(on) On-State Resistance T,=25°C 1 Q
) T,=150°C
Rosion) On-State Resistance 1.5 2 Q
IL= |L(EAR) =220 mA
Nominal load current (all channels | 1)
I . 330 500 mA
LM active) To=85°C, T,<150°C
Nomi h 1
oo ornmal load current (all channels | 1) 260 500 mA
active) Ta=105°C, T;<150°C
Load current for maximum energy 1
e dissipation - repetitive ) 220 mA
. TAo=85°C, T,=<150°C
(all channels active)
. e . 1
E.e Maximum energy dissipation single | 1) 50 mJ
pUlse T,=25 OC, |L:2XIL(EAR)
. e . 1
E.e Maximum energy dissipation single | 1) ] 25 mJ
pUlse TJ:lSO C, |L:2XIL(EAR)
Maxi dissinati 1)
Exe aximum - energy  dIsSIpation | - _ g5 oc | = Iyeny, 2710° 10 mJ
repetitive pulses- | gar)
cycles
1)
TJ =85 OC
Maxmym energy  dissipation = 2% e
Exr repetitive pulses- 2*I ar) 15 mJ
] 2*10° cycles
(two channels in parallel)
HWCR.PAR=“1"
for affected channels
Voscu Drain to Source Output clamping I =20 mA 42 47 55 v
voltage
Output leakage current (each | V=0V orfloating Vps=28V
||_(o|:|:) 0.1 5 IJ.A
channel) OUT.OUTn=0
Timings
R|_ =500
Turn-ON delay, f INX pi Vs=13.5V
ooy %Jrn elay (from INx pin or | Vs 1 6 12 s
bit to Vour = 90% Vs) Active mode or Limp Home
mode
R|_ =50 Q
Turn-OFF delay, (from INx pinor | Vs=13.5V
toeLavorn . y ( P s 1 9 16 us
bit to Vour = 10% Vs) Active mode or Limp Home
mode
- i i R.=50Q
- TEJrn ON time, (from INX pin or | ~¢ 6 17 35 us
bit to VOUT =10% Vs) Vs=13.5V
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Active mode
mode

or

Limp Home

torr

Turn-OFF time,
bit to VOUT =90% Vs)

(from INx pin or

RL:50 Q
Vs=135V

Active mode
mode

or

Limp Home

20

35

us

dV/dton

Turn-ON slew rate,
30% Vs

VDS = 70% to

RLZSO Q
Vs: 13.5V

Active mode
mode

or

Limp Home

0.7

1.1

1.8

V/us

-dV/dtorr

Turn-OFF slew rate,
700/0 Vs

Vos = 30% to

RL:50 Q
Vs: 13.5V

Active mode
mode

or

Limp Home

0.7

1.1

1.8

V/us

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

8.1. Over Load Protection

The device has two different overload current thresholds that preserve itself in case of overload or short-circuit of the load (see Figure
8.1):

*  louo between channel switch ON and touw

* yony after toum

Every time the channel is switched OFF, the over load current threshold is set back to I ovio)

INX/OUT.OUTn

\ 4

ILovLo)

ltovy ILiovLy)

tovuin

Figure 8.1 Over Load current thresholds

In case the load current is higher than /i ovo Or vy and torrowy elapsed, the over loaded channel is switched OFF and the
corresponding diagnosis bit ERRn is set.

The channel can be switched ON after clearing the protection latch by setting the corresponding COEL.OUTn bit to “1”. 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/OUT.OUTn

»
t
ILn A
ILovLn)
tofflovl) \
>
t
A
ERRN Clear latch
0 1 0
»
>
N SPlwrite Automatically set t
COEL.OUTn=1b , COELOUTn=0
COEL.OUTn 0 1 0
A .
L
t

Figure 8.2 Latch OFF at Over Load
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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.OUTn bit to “1”. This bit is set

back to “0” internally after de-latching the channel.

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

In limp-home mode, through the input pin INO and IN1, the channels 2 and 3 can be switched on. In case of overload, short-circuit or

overtemperature the channels are switched off.

In the meanwhile, NSD56008 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):
¢ 9ms(first 8 retries)
¢+ 18 ms (following 8 retries)

*  35ms (following 8 retries)

* 70ms (as longasthe input pin remains “high” and the error is still present)

INO/INL

0 1 8 1 8

S T

=3

1 0

fl [

\ 4

tretryO(LH) tretryl(LH) tretryZ(LH)

tretry3(LH)

tretryO(LH)

Figure 8.3 Restart timer in Limp Home mode

Note:

\ 4

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. A reverse protection diode or ideal diode is must added before VS pin.

For 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.
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8.5. Electrical Characteristics Protection
Vop=3Vto 5.5V, Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Over Load
L ovio) Over Load detection current T,=-40°C 1.3 1.7 2.3 A
I (ovio) Over Load detection current T,=25°C 1.25 1.6 2.3 A
I (ovio) Over Load detection current T,=150°C 1 1.5 2 A
L ovLy) Over Load detection current T,=-40°C 0.7 1 1.3 A
L oviy) Over Load detection current T,=25°C 0.65 0.9 13 A
L ovLy) Over Load detection current T,=150°C 0.5 0.85 1.25 A
Over Load threshold switch delay .
tovun i Guaranteed by digital SCAN 80 170 270 s
ime
torriow) Over Load shut-down delay time 2 7 11 s
Over Temperature
Tiso Thermal shut-down temperature | 1) 150 175 195 °C
Reverse Polarity
Drain  Source diode during | lL=-10mA
Vosirev) . 650 mV
reverse polarlty S[eep mode
Timings
L 1)
treTrRvo(LH) Restarttimein Limp Home mode o 6 9 12 ms
Guaranteed by digital SCAN
o 1)
tReTRYI(LH) Restarttimein Limp Home mode o 12 18 24 ms
Guaranteed by digital SCAN
o 1)
treTRV2(LH) Restarttimein Limp Home mode o 23 35 47 ms
Guaranteed by digital SCAN
L 1)
treTRYV3(LH) Restarttimein Limp Home mode o 46 70 94 ms
Guaranteed by digital SCAN
1)  Notsubject to production test, specified by design
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9. Diagnosis

The SPI communication provides diagnosis information about the device and the load status. Diagnosis information of each channel
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 VDS
with VDS(OL) and sets the corresponding DIAG_OSM.OUTn bits accordingly, based on the below logic.
Vos<Vosoy>  DIAG_OSM.OUTn=“1"
The bits are updated every time DIAG_OSM register is read.

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

Note:

1. Ifthe diagnosis current lo, is enabled or if the channel changes state (ON > OFF or OFF - ON), it is necessary to wait a time tosy 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 lo, activated

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

5. Evenifan Open Load is detected, the channel is not latched OFF.

Output Status Monitor diagnostic is available when Vs = Vsory and Voo 2 Voo

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

INn/OUTn
t »
A
Output voltage
comparator 0 X 1 X 0
ton+tosm torr+tosm t
SPIreadout of 4
DIAG_OSM.OUTn
t »
A
DIAG_OSM.OUTn X 1 X 0 0
t >

Figure 9.1 Output Status Monitor timing
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low side channel

DIAG_OSM.OUTn

o«

ouT

Ci lot

ol

Vs

Vbs(oL) T Vbs
Vos<Vbsor) » DIAG_OSM.OUTn =“1" l_L(I']ND
:|'_' v
Figure 9.2 Output Status Monitor - concept
9.3. Electrical Characteristics Diagnosis
Vop=3Vto 5.5V, Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified)
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Output Status Monitor
t Output Status Monitor
osM o 1) 20 us
comparator settling time
V Output Status Monitor threshold
ps(oL) 2.9 33 3.7 Vv
voltage
lov Output diagnosis current Vps=3.3V 65 85 105 MA
R . . 1)
oL Open Load equivalent resistance o ) 30 300 kQ
Application information

1)  Notsubject to production test, specified by design

Copyright © 2024, NOVOSENSE

Page 27



NSD56008-Q1

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:

*  Oneslave 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. Data is sampled in on line SDI at the falling edge of SCLK and shifted
out on line SDO at the rising edge of SCLK. Each access must be terminated by a rising edge of NCS.

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 bits SPI
devices.

10.1. SPI for a Single Slave Device

NCS - Chip Select: Whenever the pin is in “low” state, Data transfer can take place, when the pinisin “low” state. 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:
¢+ Therequested 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.

¢+ Ifthe deviceisin 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
isin “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.

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.
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10.2. Parallel and daisy chain capability

SPI communication between microcontroller (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 SCLK
SDI NSD56XXX|
sDo SPI Slave
NCS1 »{] NCS
SCLK I
MOSI I
SPI Master I
miso 1
NCS2 I
[ NSD56XXX]
SPI Slave

Figure 10.1 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. Anexample of 3 devices in daisy chain as below Figure 10.2:

NSD56 XXX
SPI Slave

NSD56XXX NSD56XXX
SPI Slave SPI Slave

NCS1 SCLK1 spil  sSDOL

NCS2 SCLK2 sDI2  SDO2 NCS3 SCLK3 sDI3  SDO3

MCU l
NCS1

SCLK

MOSI

SPI Master

MISO IA
<

Figure 10.2 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”.
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10.3. Timing Diagrams

NCS

SCLK

SDI

SDO

ENcs(lead)

Encsilag)

Encsita)

tscikp)

tSCLK(HU fsck (L)\J

A 7 X

tspo (dis

tspofen)

‘q&m“ // //
/7 /7
[/ [/
/7 77

Figure 10.3 Timing Diagram SPI Access
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10.4. Electrical Characteristics
Vop=3Vto 5.5V, Vs=7Vto 18V, T,=-40 °C to +150 °C (unless otherwise specified). Typical values: Vpp =5V, Vs=13.5V, T,=25°C

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Input Characteristics (NCS, SCLK, SDI) - “low” level of pin
Viesw) NCS 0 0.8 v
Vseu SCLK 0 0.8 v
Vsoiy SDI 0 0.8 v
Input Characteristics (NCS, SCLK, SDI) - “high” level of pin
Vies(H) NCS 2 Voo v
Vscikm) SCLK 2 Vo v
VspiH) SDI 2 Voo v
Output Characteristics (SDO)
Vsooq L level output voltage lspo = -1.5 mA 0 0.4 v
VsoH) H level output voltage Ispo=1.5mA Vop-0.4 Voo v
Timings
t Enable lead time (falling 1)
NCS(lead) o 200 ns
NCS to rising SCLK) Voo =3V
E ime (falling | 1)
tucs(og nable l.a.g time (falling 200 ns
SCLKto rising NCS) Vop23V
t Transfer delay time (rising 1)
NCS(td) . 250 ns
NCSto falling NCS) Vpp 23V
1)
tspofen Output enable time (falling Vo33V 200
en > ns
NCSto SDO valid) = )
C.=20 pF at SDO pin
1)
Output disable time (rising
tspo(dis) ) V23V 200 ns
NCSto SDO tristate) ]
C.=20 pF at SDO pin
1)
fscik Serial clock frequency 5 MHz
Vpp23V
1)
tscukep) Serial clock period 200 ns
Vpp23V
1)
Escuk) Serial clock “high” time 75 ns
Vpp23V
1)
tseuk Serial clock “low” time 75 ns
Vpp23V
tsora -ata setup tlnlwe (required 20 ns
time SDI to falling SCLK) Vpp23V
t Data hold time (falling 1)
SDI(h) 20 ns
SCLKto SDl) VDDE3V
1)
t Output data valid time with
SDO(v) . Vop23V 100 ns
capacitive load .
C.=20 pF at SDO pin

1)  Notsubject 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 10.4.

SDI — frame A frame B frame C —

SDO —{ (previous response) responseto frame A responseto frameB |—

Figure 10.4 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 10.5 Register content sent back to uC

There are 3 special situations where the frame sent back to the uC is not related directly to the previous received frame:

* incase 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 10.6

*  when NSD56008 logic supply comes out of Power-On reset condition or after a Software Reset, as shown in Figure 10.7
* incase 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”
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frame A
Sl (error intransmission) (new command)
SDO — (previous response) Standard diagnostic+ TER ~ F———
Figure 10.6 NSD56008 response after an error in transmission
A
Voo2=Vop (o)
SDI — frame A frame B frame C
SDO — (SDo=%2”) ISM re(8gl658t§|:)+ TER responseto frame B
Figure 10.7 NSD56008 response after coming out of Power-On reset at VDD
sp| — frame A ( d)
(syntax or addressing error) NEwcomman

SDO — (previous response) Standard diagnostic —

A summary of all possible SPI commands is presented in Table 10.1, including the answer that NSD56008 sends back at the next

transmission.

Requested Operation

Read Standard Diagnosis

Figure 10.8 NSD56008 response after a command syntax error

Table 10.1 SPI Command summary”

Frame sent to device (SDI pin)

OXXXXXXXXXXXXX01g
(“xxxxxxxxxxxxs” = don "t care)

Frame received from device (SDO pin) with

the next command

0ddddddddddddddds
(Standard Diagnosis)

Write 8-bit register

10aaaabbcccccccecs

where:

“aaaag” =register address ADDRO

“bbg” =registeraddressADDR1
“ccceccccs” = new register content

0ddddddddddddddds
(Standard Diagnosis)

Read 8-bitregisters

0laaaabbxxxxxx10s

where:

“aaaag” =register address ADDRO

“bbg” =registeraddressADDR1
“xxxxxxs” =don "t care

10aaaabbccccecccs

where:

“aaaag” =registeraddress ADDRO

“bbg”=registeraddressADDR1
“ccecccccg” = register content

1) “a”=address bits for ADDRO field, “b” = address bit for ADDRL1 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”

Field Name 0 VSUV | LOPVDD MODE TER 0 OLOFF ERR

Default 0o | 1 1 1] 1] 0o o Jolo]Jolo]o]lo]o]o
1)  Default value is 7800y

Table 10.3 Standard Diagnosis register description

15 Reserved r 0: reserved (default value)

Vs Undervoltage Monitor

0: No undervoltage condition on Vs detected

14 VSUvV r
1: (default) There was at least one Vs Undervoltage condition since last Standard Diagnosis
readout
VDD Lower Operating Range Monitor

13 LOPVDD r 0: Vpp is above VDD(Lop)

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

Operative Mode Monitor
00: (reserved)

12:11 MODE r 01: Limp Home Mode
10: Active Mode

11: (default) Idle Mode

Transmission Error
0: Previous transmission was successful (modulo 16 + n*8 clocks received, wheren=0, 1, 2...)
10 TER r 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).

9 Reserved r 0: reserved (default value)

Open Load in OFF Diagnosis

0: (default) All channels in OFF state (which have DIAG_IOL.OUTn bit set to “1”) have VDS >
8 OLOFF r | VDS(OL)

1: At least one channel in OFF state (with DIAG_IOL.OUTn bit set to “1”) has VDS <VDS(OL)

Channels in ON state are not considered

Over Load / Over Temperature Diagnosis of channel 7
7 ERR7 r 0: (default) No failure detected

1: Over Temperature or Over Load

Over Load / Over Temperature Diagnosis of channel 6
6 ERR6G r 0: (default) No failure detected

1: Over Temperature or Over Load

5 ERR5 r Over Load / Over Temperature Diagnosis of channel 5
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0: (default) No failure detected

1: Over Temperature or Over Load

4 ERR4

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

1: Over Temperature or Over Load

3 ERR3

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

1: Over Temperature or Over Load

2 ERR2

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

1: Over Temperature or Over Load

1 ERR1

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

1: Over Temperature or Over Load

0 ERRO

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

1: Over Temperature or Over Load

10.6.2.

Register structure

The register banks the digital part have following structure:

Table 10.4 Register structure - all registers

Field Name

ADDR

ADDRO

ADDR1

DATA

Field Name

OUT.OUTTY

Table 10.5 Power output control register (REG_ADDR = 0x00) -OUT

OUT.OUT6

OUT.OUTS

OUT.OUT4

OUT.OUT3

OUT.OUT2

OUT.OUT1

OUT.OUTO

Default

0

0

0

0

0

0

0

0

Table 10.6 Power output control register description

0: (default) Channel7 outputis OFF
OUT.OUTY r/w _

1:Channel 7 output is ON

0: (default) Channel6 outputis OFF
OUT.OUT6 r/w _

1:Channel 6 output is ON

0: (default) Channel5outputis OFF
OUT.0UT5 r/w

1:Channel 5 output is ON

0: (default) Channel4 outputis OFF
OUT.0UT4 r/w

1:Channel4 output is ON
OUT.OUT3 r/w | 0:(default) Channel3outputis OFF
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1: Channel3 output is ON

OUT.OUT2

r/w

0: (default) Channel2 outputis OFF
1:Channel 2 output is ON

OUT.OUT1

r/w

0: (default) Channel1outputis OFF
1:Channel 1 output is ON

OUT.OUTO

r/w

0: (default) ChannelOoutputis OFF
1:Channel 0 output is ON

Table 10.7 Input Mapping (Input Pin 0) register (REG_ADDR = 0x04) -MAPINO

Field MAPINO.OU | MAPINO0.OU | MAPINO.OU | MAPINO.OU | MAPINO.OU | MAPINO.OU | MAPINO.OU | MAPINO.OU
Name T7 T6 T5 T4 T3 T2 T1 TO
Default 0 0 0 0 0 1 0 0
Table 10.8 Input Mapping (Input Pin 0) register description
0: (default) Channel7 output is not connected to the INO
MAPINO.OUT7 r/w .
1: Channel 7 outputis connected to the INO
0: (default) Channel6 output is not connected to the INO
MAPINO.OUT6 fw 1:Channel 6 outputis connected to the INO
0: (default) Channel5 output is not connected to the INO
MAPINO.OUTS fw 1:Channel 5 outputis connected to the INO
0: (default) Channel4 output is not connected to the INO
MAPINO.OUT4 fw 1:Channel 4 outputis connected to the INO
0: (default) Channel3 output is not connected to the INO
MAPINO.OUT3 fw 1: Channel 3 outputis connected to the INO
0: Channel2 outputis not connected to the INO
MAPINO.OUT2 r/w .
1: (default) Channel 2 output is connected to the INO
0: (default) Channel1output is not connected to the INO
MAPINO.OUT1 fw 1: Channel 1 outputis connected to the INO
0: (default) Channel0 output is not connected to the INO
MAPINO.OUTO fw 1: Channel O outputis connected to the INO

Table 10.9 Input Mapping (Input Pin 1) register (REG_ADDR = 0x05) -MAPIN1

Field MAPIN1.OU | MAPIN1.OU | MAPIN1.OU | MAPIN1.OU | MAPIN1.OU | MAPIN1.OU | MAPIN1.OU | MAPIN1.OU

Name T7 T6 T5 T4 T3 T2 T1 TO
Default 0 0 0 0 1 0 0 0
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Table 10.10 Input Mapping (Input Pin 1) register description

0: (default) Channel 7 output is not connected to the IN1
7 MAPIN1.OUT7 r/w .

1: Channel 7 outputis connected to the IN1
0: (default) Channel6 output is not connected to the IN1

6 MAPIN1.0UT6 fw 1: Channel 6 outputis connected to the IN1

0: (default) Channel5 output is not connected to the IN1

> MAPIN1.0UTS fw 1:Channel 5outputis connected to the IN1

0: (default) Channel4 output is not connected to the IN1

4 MAPINL.OUT4 fw 1:Channel 4 outputis connected to the IN1

0: Channel3outputis notconnected to the IN1

3 MAPIN1.0UT3 rfw 1: (default) Channel 3 outputis connected to the IN1

0: (default) Channel2 output is not connected to the IN1
1: Channel 2 outputis connected to the IN1
0: (default) Channel1 output is not connected to the IN1

2 MAPIN1.0UT2 r/w

! MAPINL.OUT1 fw 1: Channel 1 outputis connected to the IN1

0: (default) Channel0 output is not connected to the IN1

0 MAPINL.OUTO fw 1: Channel O outputis connected to the IN1

Table 10.11 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 10.12 Input Status Monitor register description

; TER 0: Previous transmission was successful (modulo 16 + n*8 clocks received, wheren=0, 1, 2...)
r
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)
) INL 0: (default) The input pin is set to “low”
r
1: The input pin is set to “high”
0 NG 0: (default) The input pin is set to “low”
r
1: The input pin is set to “high”
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Field Name

Table 10.13 Open Load diagnostic current control register (REG_ADDR = 0x08) -DIAG_IOL

IOL.OUT7

IOL.OUT6

IOL.OUT5

[OL.OUT4

IOL.OUT3

IOL.OUT2

IOL.OUT1

IOL.OUTO

Default

0

0

0

0

0

0

0

0

Table 10.14 Open Load diagnostic current control register description

0: (default) Channel7 diagnosis current not enabled
7 IOL.OUT7 r/w

1: Channel7 diagnosis current enabled

0: (default) Channel6 diagnosis current not enabled
6 IOL.OUT6 r/w

1: Channel6 diagnosis current enabled

0: (default) Channel5 diagnosis current not enabled
5 IOL.OUT5 r/w

1: Channel5 diagnosis current enabled

0: (default) Channel4 diagnosis current not enabled
4 IOL.OUT4 r/w

1: Channel4 diagnosis current enabled

0: (default) Channel3 diagnosis current not enabled
3 IOL.OUT3 r/w

1: Channel3 diagnosis current enabled

0: (default) Channel2 diagnosis current not enabled
2 IOL.OUT2 r/w

1: Channel2 diagnosis current enabled

0: (default) Channell diagnosis current not enabled
1 IOL.OUTL r/w

1: Channell diagnosis current enabled

0: (default) ChannelO diagnosis current not enabled
0 IOL.OUTO r/w

1: Channel0 diagnosis current enabled

Table 10.15 Output Status Monitor register (REG_ADDR = 0x09) -DIAG_OSM

Field DIAG_OSM. DIAG_OSM. DIAG_OSM. DIAG_OSM. DIAG_OSM. DIAG_OSM. DIAG_OSM. DIAG_OSM.
Name ouT7 OouT6 OUT5 ouT4 OuT3 0ouT2 OUT1 ouTo
Default 0 0 0 0 0 0 0 0
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Table 10.16 Output Status Monitor register description

0: (default) Channel 7 Vps > Vpsor)

7 DIAG_OSM.OUT7 r
1: Channel 7 Vs < Vs

0: (default) Channel 6 Vps > Vpsor)

6 DIAG_OSM.OUT6 r
1: Channel 6 Vs < Vpsioy)

0: (default) Channel 5 Vps > Vps(or)

5 DIAG_OSM.OUT5 r
1: Channel 5 Vps < VDS(OL)

0: (default) Channel 4 Vps > Vps(or)

4 DIAG_OSM.OUT4 r
1: Channel 4 VDS < VDS(OL)

0: (default) Channel 3 Vps > Vpsor)

3 DIAG_OSM.OUT3 r
1: Channel 3 Vps < Vpsioy)

0: (default) Channel 2 Vps > Vpsor)

2 DIAG_OSM.OUT2 r
1: Channel 2 Vps < Vpsioy)

0: (default) Channel 1 Vps > Vpsor)

1 DIAG_OSM.OUT1 r
1: Channel 1 Vps < Vpsioy)

0: (default) Channel 0 Vps > Vps(or)

0 DIAG_OSM.OUTO r
1: Channel 0 Vps < VDS(OL)

Table 10.17 Hardware Configuration Register (REG_ADDR = 0x0C) -HWCR

Field Name ACT RST reserved reserved PAR3 PAR2 PAR1 PARO

Default 0 0 0 0 0 0 0 0

Table 10.18 Hardware Configuration Register description

0: (default) Normal operation or device leaves Active Mode
7 ACT r/w
1: Device enters Active Mode
0: (default) Normal operation
6 RST r/w )
1: Execute Reset command (self-clearing)
5 reserved r/w | 0:reserved (default value)
4 reserved r/w | 0:reserved (default value)
0: (default) Channel 7 and channel 5 Normal operation
3 PAR3 r/w
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
0: (default) Channel 3 and channel 1 Normal operation
1 PAR1 r/w
1: Channel 3 and channel 1 have Over Load and Over Temperature synchronized
0 PARO r/w | 0:(default) Channel 2 and channel 0 Normal operation
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| 1: Channel 2 and channel 0 have Over Load and Over Temperature synchronized

Field Name

COEL.OUTY

Table 10.19 Clear Output Error Latch Register (REG_ADDR = 0x0D) -COEL

COEL.OUT6

COEL.OUT5

COEL.OUT4

COEL.OUT3

COEL.OUT2

COEL.OUT1

COEL.OUTO

Default

0

0

0

0

0

0

0

0

Table 10.20 Clear Output Error Latch Register description

0: (default) Channel 7 Normal operation
7 COEL.OUT7 r/w

1: Clear the error latch for the channel 7

0: (default) Channel 6 Normal operation
6 COEL.OUT6 r/w

1: Clear the error latch for the channel 6

0: (default) Channel 5 Normal operation
5 COEL.OUT5 r/w

1: Clear the error latch for the channel 5

0: (default) Channel 4 Normal operation
4 COEL.OUT4 r/w

1: Clear the error latch for the channel 4

0: (default) Channel 3 Normal operation
3 COEL.OUT3 r/w

1: Clear the error latch for the channel 3

0: (default) Channel 2 Normal operation
2 COEL.OUT2 r/w

1: Clear the error latch for the channel 2

0: (default) Channel 1 Normal operation
1 COEL.OUT1 r/w

1: Clear the error latch for the channel 1

0: (default) Channel 0 Normal operation
0 COEL.OUTO r/w

1: Clear the error latch for the channel 0
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10.6.3.

A summary of the most used SPI commands (read and write operations on all registers) is shown in Table 10.21.

SPI command quick list

Table 10.21 SPI command quick list

Register “read” command “write” command content written
ouT 40024 80XXy XXi = XXXXXXXXg
MAPINO 44024 84XXy XXH = XXXXXXXXg
MAPIN1 45024 85XXn XXk = XXXXXXXXg

ISM 4602y n.a. (read-only) -

DIAG_IOL 48024 88XXy XXH = XXXXXXXXg
DIAG_OSM 4902y n.a. (read-only) -

HWCR 4C024 8CXXy XXH = XXXXXXXXg
COEL 4D024 8DXXy XXH = XXXXXXXXg
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11. Package information
11.1. HTSOP24 Package information

D

LLLELRLEGE

HEAT SLUG

COMMON  DIMENSIONS
(UNITS OF MEASURE=MILLIMETER)

SYMBOL | MIN NOM MAX
A - - 1.15
Al 0.00 0.05 0.10
H A2 0.85 0.95 1.05
T 1T A3 0.30 0.40 0.50
b 0.20 - 0.30
b1 0.20 0.23 0.26
c 0.15 - 0.20
cl 0.14 0.15 0.16
D 8.55 8.65 8.75
D1 6.40REF
3 580 [ 6.00 [ 6.20
E1 380 | 3.90 | 4.00
E2 2.50REF
e 0.55 [ 065 | 0.75
L 0.47 [ 0.67 | 087
L1 1.05REF
_ L2 0.25B5C
n R 0.09 = -
R1 0.09 - -
s 0.20 - =
01 o - 8
02 10 12 147
B3 10 12 14"

BASE METAL I‘:&_“I

L
WITH PLATING V

N

4-‘
o

AT

NOTES:

o

SECTION B-B

ALL DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
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Q..
\S/’ DETAIL C

] 16.433

—|}-—-2.4£0.4

——0.5

/f o448

[

#100£2.0—

330+£2.0
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Pin1
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User direction of feed
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6.30+0.10
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12. Order Information

Part Number Package Type

NSD56008-Q1HTSBR HTSOP24 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.

13. Revision History

Revision  Description DETL]

1.0 Initial version 2024/5/17

1.1 1) Modified thermal resistance parameters 2024/9/4
2) Update the note of application information

)
3) Add the Clamping Energy Calculation Method
) Modified the recommended value for Rsp

£
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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, fitness 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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