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What will | get out of this session?

Brief Description of Silicon Carbide performance

Different short circuit current sensing and

protection methods

How to turn off MOSFET under short circuit

safely

Other diagnostics available to assist in ASIL

designs

* Relevant part numbers:

— UCC587x-Q1
— UCC2152x

* Relevantreference designs:

— TIDA-01605
— TIDA-00917

* Relevantapplications:

— HEV/EV traction inverter, EV on-board

charger
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Power transistor application positioning

Traction inverter:
15 kW-400 kW

MW

100kW

EV charger:
3.3 kW-22 kW

10kW

Power

kW

100W

10w

1kHz 10kHz 100kHz 1MHz 10MHz

Frequency
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SIC MOSFET advantages over Si IGBT: conduction

1) No 0.5-1.0V knee voltage; 2) Has “body diode”; 3)3'd quadrant operationmode
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SiIC MOSFET advantages

* Low switching loss:

MOSFET (unipolar) vs IGBT (bipolar)-
fundamental difference

* Switch loss less increase at elevated
temperatures:

For 1000V SiC MOSFET, E,,,@25°C =E,,@150°C
 Low reverse recovery for the body
diode:

Silicon PiN diode has significant reverse recovery
which has reverse recovery loss and also adds
more turn on loss

over SI IGBT: switching
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Typical switching waveforms
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Traction motor: system failure mitigation

w
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@ Potential failure

D TI’'sisolated gate driver

Failure mode

Possible prevention

Motor Coil Shorted/Open

; FET
Monitor Current through FET , Shut off Power |PROTECTION ‘

FET Short/Open/Damaged

. ! FET
Monitor Current through FET, Monitor Gate-Source, Shut off Power |sroTeEcTION

Motor Driver Damaged

4| [MONITORSML
2>

Monitor Internal signals, Implement Self Test, DisaJIowopera1i0n|5'5T DIAGNOSTIC

MCU Failure W atchdog on Motor driver or PMIC, Reset MCU if WD fails
. . . FMIC f
PMIC failure W atchdog on Motor Driver. Reset MCU if MCU Browns Out oniToR

Incorrect IC configuration

. . SECURE
Checksum on configuration setups|= opane . |

MCU Brownout

Monitor PMIC supplyindependently, Reset MCU for brownout gﬁg';ggff;

Motor Driver Logic Incorrect

Monitor Gate driver logic voltages, Self test of Gate driver(BIST %
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Overcurrent protection
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Overcurrent/short circuit fault

L

T

Saturaton, | L-p-- HIEEZY,
¥ | /\ AVds y )
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Active -
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| | +15V/-4V 3
CS2 LSZ

to tp t t3 ty . .
Short circuit happens at t;
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Overcurrent/short circuit fault mechanism:
thermal limitation

A f

Saturation |

IGBT

A J

>

VDS

= |GBT self-limitsthe currentincrease with lower
saturation current

= Shape transient from saturation region to active region,
collector current is limited to a constant value in active

» SiC MOSFET has largelinear region with high
saturation current

» In the case of SIC, Iy continues to increase with increase
in Vys, eventually resulting in faster breakdown

» For samerated current & voltage, IGBT reaches
active region for significantly lower Vcg as
compared to SiC MOSFET

Wi» TEXAS INSTRUMENTS
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Overcurrent/short circuit fault mechanism:

thermal limitation

i e | veton | s | 1 |t | cusrs | wessre | | v | osope | e | s | oo [7) i (D)
: —_ ) = T
|‘ l SC Z Wl bus k| ]
< i i
- 1 T 1 ’
Vs H ]
100V/div | WMM
lys: | 1\ T
F ds ‘J |
50A/div | |
[ e ST
. | |
i
gs |
- 1 | \‘ .
Euzmmgmmmmwmw V‘\'fﬁﬁa‘zﬂfﬁﬂ,‘-ﬁ.m;wﬂ:d:w75"&4“‘»»49‘,\»\%!%
TR IR NN R T T AN T A A TS SR L * T T L L N
(o2 ) 10.0v1div 1MQ §y:500M Ipt
Inn\l/nlv MO By:500M
(o) 50.0Avdiv MQ By:s00M  Dg

= The short circuit withstand time, tsc, is determined

by the critical energy

= Minimal dissipated energy leading to device failure

for one short cir(iuit pulse
3
E, =L V,, -1, -dt

= Vds is the DC link voltage, Id will be the device
saturation current.

= SiC MOSFET short circuit withstand time is
shorterthan IGBT due to smaller chip size, less

thermal capacity
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Overcurrent/short circuit protection method:

DESAT

VDD

DESAT Fault +

DESAT

[ ]
L

Vdesat VCE

. = Desaturation circuit detects the V45 of MOSFET or Ve
of IGBT, protectionis triggered when detected voltage
Is above pre-setreference voltage

» Blankingtime is neededto preventfalse trigger during
switching turn on transients

t — VDESAT X CBLK
DS _BLK
- lere
= DESAT threshold voltage varies between different
devices due to the output characteristics, especially
IGBT and SiC MOSFET

» Most common method for SiC where the IR drop is
measured for current sense

__________________________________________________________________
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Overcurrent/short circuit protection method:
SenseFET / current mirror

» SenseFET / current mirror is used to scale
down main current, tens of mV voltage is
measured on sense resistor

» Advantages

» Fastest protection speed
(o » Accurate for both AC and DC

» Challenges of SenseFET / current mirror

@ + OC Fault
_ » Module needsto be customized to integrate
i SenseFET / current mirror

Chat| + :
Rs o @_cr) = Higher cost

° = Not currently available in SiC modules

Wi» TEXAS INSTRUMENTS
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Overcurrent/short circuit protection method:
shunt resistor

= Advantages
. = Accurate for both AC and DC
= [Fast protection speed

our 5 .= Lowcost
= Challenges of shunt resistor
+ OC Fault !
] l _ = High power loss in high power applications
Corr @ = Weak noise immunity due to gate loop noise
Re T ' caused by parasitic inductance of shunt resistor
['] oV 1 and PCB trace

Wi» TEXAS INSTRUMENTS | 13



Overcurrent/short circuit safe turn-off:
avalanche limitation

ris | can | verca ‘\ HHHHHHHHH [ | \‘ [ s | s |t | wyscope | anoe | s | Eﬂ
&
o 1
- Vds:
100V/div
AVds """ | |
I 11 = DC
- Ids: / ‘ [
S0A/div | I
: i b
Vgs: ! 1 | ]
LoV, * | r——
{é)'!;l — ID li,;.;nn‘ S E— N ‘-‘ ‘ 5‘00‘ ‘1n‘n0:lMs‘f : ‘1 nI F;:AI
(Cea) 100vidiv 0 By:5001
5n.n 0 By:500M Dg v

» Voltage and avalanche limit: device avalanche can be caused by the overshoot wltage on Vg
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SIC MOSFET protection: soft turn-off (STO) & 2L
turn-off

Ve
N g
D -T- Vccz
T — m_
I
ﬂ | VmiIIer
F ESR
Vgth
3 esL

t5 t6 t7 t8 tg

» There are parasitic inductances in the power loop

» Parasitic inductances together with di/dt cause voltage spikes

» The di/dt rate is much higher under short circuit fault so a preventive turn-off measure needs to be taken in
order to limit the loop inductance induced voltage spike

= Effectively, there are two ways to slow down the turn-off process: reduce di or extend dt

Wi» TEXAS INSTRUMENTS
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-
DESAT Timing -

N i
(IN+' = "IN-")
Gate Driver Parameters Vossar / A
— tLEB toesunes 3 - toesanes
DESAT 1 AT —
— VDESAT : : ’
— ICHG 1 P R DU
— tDSOFF |
- B0 GATE tDESAT_?T
¢ _ CBLK*VDESAT |
BLK = P T
CHG ‘ R

—  Determined by the blanking capacitor Cgix

tpesar v = tiep + tpk + tpsorr (2) Shutdowntime ‘

tsto = Ciss * (VDD - Vth)/ISTO
trotal = tpesar.T + tsto GATE v
ucc21750 ‘
Esc’
Ids
JESAT Fault
N
Vds
+“—>
o 1:STO 16
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Short-circuit protection: hardware validation

Evaluation hardware

Schematic for double-pulse test setup ‘

VBUS

High-side |
Isolated Driver

(Up to #15A)

15058528 S1
Based
Driver _| b1 L

Module

Low-side £ == ligi mg—")
Isolated Driver
(Up to £15A)

Isolated Half-bridge Drive Stage
15058525 s2 using 1SO5852S-Q1 + 15A Buffer Driver

Based
Driver 4' t } D2

Module

IGBT
Half-bridge Module
(FF450R12KT4)

Reshunt

Wi» TEXAS INSTRUMENTS | 17



SC protection response time
UCC5870-Q1

> \'Edf‘\'vm'.m\H',,,.DY‘AW;Tngrio.sp.,,‘['wm;:,,e,furg‘;:y[asf};,,,(?[‘,‘.(ysvave\‘m'@|?..,‘(;es\ni‘p {'[ZJ‘ B 0 = N 3

| | FIALD Tt e | » The response time

ool incorporates any deglitch

- , ‘ AT and propagation delays in

¢ b s fftin the device

e nans L Freerfreerbres bR e « DESAT and OC features

f" ’ are designed to support

| " f SiC requirements, which

T : also covers IGBT

' \ - S— applications

. L T - .
A Q@ / 148V

. . Y R i S R R v T O -
@ 2.0vidiv 1MQ By:500M @ 148V @i 0.0 500.0ns/div  5.0GS/s 200.0p

@ 50vidiv 1MQ §,:500M @@ 2.7v Q@ 2550 Run sample
@ 3.0vidiv 1MQ 8y:500M Q@u 1.28v Qi 255ns 45 acqs RL:25.0k
@uay 5.02mvis @AY 3.922MHz Auto  December 9, 2020  17:51:59

UCC5870-Q1 Response to SC eventis 255ns

18
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DESAT with Safe Shutdown: 2LTO

Soft Turn-off (STO) ISTO:O-3A, V2|_o|:|::9v, t2|_o|:|::1.0US Soft Turn-off (STO) ISTO=O.3A, V2|_o|:|:=lov, t2|_o|:|:=1.0US

S -
VGE (BV/div) __ al . :
" g .
- g i S oy
B Y_‘»f
py"" B N ]
/ a : -
2 )‘(,‘I: .
B R Hr o e - R ‘Lr’ R T e L
7 ICEpeak ~3080A /| ; — ICE peax ~ 3080A ]
VCE (200V/div) AV ~140V VCE (200V/div) AV ~132V
- Ve - d f . V.CE
[ N e ICE (1kA/div) d [ e ; \ IGE (LA ding .
Timerdusidiv. Time: lus/div. | I

PARAMETER MEASURED VALUE PARAMETER MEASURED VALUE

Shutdow n Energy 1.58J Soft Turn Off Current 1.68J
Ve Overshoot 140V Ve Overshoot 132v
optimizes for the trade-off between and for IGBTs/MOSFETs

19
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DESAT Response with Safe Shutdown: STO

Soft Turn-off (STO) Is10=0.6A, VDESAT_Ih:9V

VCE (200V/div)

ICE (1kA/div)

[ 2

Time: lus/div

PARAMETER MEASURED VALUE

Shutdow n Energy 1.01J

Ve Overshoot 248V

optimizes for the trade-off between

UCC5870-Q1 Response

Soft Turn-off (STO) Is10=0.3A, VDESAT_th=9V

VGE (10V/div)

4

AV ~148V

ICE (1kA/div)
B

T TR TR ) OTYNR T TV IRV TR oot o it e et o o e et ot N WO AT PREVTROT VOO T RRETTRTT HTSTTIN

PARAMETER MEASURED VALUE

Shutdow n Energy 2.04J
V ce Overshoot 148V
and for IGBTs/MOSFETs

20
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SIC with UCC21750: Soft turn-off, VDC=800 V

Overcurrent faulttestcircuit

I:LI DESAT R Dw
_|

UCC21750 oo
EVM

n+[ ]

1
coM

* IN+ gives along pulse to create Id ramp
+ DESAT detects the fault and takes action

With the same soft turn-off characteristics, the only difference in shutdow n betw een
the UCC21750 and UCC21750 will be the detection timing

UCC217xx Response

Soft turn-off (STO):

= ~600ns —>i

AV =120V

VGS (10V/div)

DESAT (5V/div)

VDS {200V/div)

© - IDS (100A/div) " "

PARAMETER MEASURED VALUE

Shutdow n Energy ~0.1J
Vps Overshoot 120V

21

Wi3 TEXAS INSTRUMENTS



SIC with UCC21750: Soft turn-off, VDC=800 V
T T

1us/d iv

e[ ]

UCC21750
EVM

| DESAT (5V/div)

|Dpeak ~ 1000A

=
COoOM

* IN+ gives along pulse to create Id ramp
* DESAT detects the fault and takes action

— = 600ns

D (500A/div)

Shutdow n Energy 0.24J
With the same soft turn-off characteristics, the only difference in shutdow n betw een

the UCC21750 and UCC21750 will be the detection timing Vps Overshoot 80V

‘ PARAMETER MEASURED VALUE

22
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a

-
DESAT using OC -

IN
(IN+ = IN=")

Gate Driver Parameters
- VOCTH
— ICHG
— tOCOFF
- ISTO

ocC

, R1+R2
BLE™ R1+R2+R3

R1+R24+R3 Vyper
#R3*(C1 ¢]]|(|_ . aun)

R3 VDD —

Varu

Vewen
.
—— >

toct =tk T tocorr

tsro = Ciss* (VDD = Vin)/Isro (2) Shutdown time l

trotal = tocr t+ tsto
z :
OC fault GATE] Vs
m
S ~
Esc’
Ids
SC fault [
. N
A Vds
A
L e «—
tSTO 23
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Short circuit protection for SIC MOSFETs: with
or without soft turn-off

Vps(100V/div), Ic(1kA/div), Vps(100V/div), Ic(1kA/div), Vps(100V/div), Ic(1kA/div),
Ves(10V/div) Ves(10V/div), Viean (5V/div) Ves(10V/div), Vieenr (5V/diV)

UCC217xx Response {'f TEXAS INSTRUMENTS | 24




OC pin waveform

This noise must be less than the threshold

w0 ) = Q0@®

W——J

';‘A“ Voc: 1V/div l

Voc: 1V/div

' Voc: 1V/div

Vps (100V/div)

-

IDS

(500A/div)
Normal switching Soft turn-off after OC Soft turn-off after SC
protection protection

25
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Additional protection features
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Over and undervoltage lockout: adjustability

System benefits Measurements & specifications

Monitors VCC1 drop
indicating system failure

PWM input, fault status
feedback, power supply

VEE2
DESAT
VCECLP
vcez
OUTH

W
Ll pply monitoring,

clock monitoring,
reference voltage
gonitoring, TSD,

monij
monitof
monitor|

Monitors VEE2 to indicate
i system failure and prevent
undesirable effects

GND2
OUTL

SAT protection,
(CP, OCP, OTP,
CE clamping,
RSC, and BIST, CLAMP

functions VEE2

IBIAS
VREF

SDI
SDO
DOUT
GNDI

MREGD.

Die to Die

SPI Logic
Comm

' Maintains VCC2 level to

reduce conduction loss

and protect power switch

VEE=20V ] /
VGE:15V\'// '

Ips (A)

Vgs =4V

Vee (V)

Vs (V)

IGBT vs. SiC MOSFET I-V characteristics vary with respect
to gate drive voltage (VCC2) and conduction loss

Supply UVLO Options OVLO Options

v Flexible Supply Monitoring Across Platforms : Programmable VCC1 3.3V, 5V 3.3V, 5V
OVLO and UVLO thresholds for primary and secondary supplies

v' Adjustable to Fit Power Switch Requirements: Monitor supply VCC2 16V, 14V, 12V, 10V 23V, 21V, 19V, 17V
wltage to protect IGBT and SiC MOSFETSs from undue stress VEE?2 -3V, 5V, -8V, -10V -5V, -7V, -10V, -12V

v' Gather Important Feedback: Configurable fault outputs nFLT1

and nFLT2 to report various faults and warnings

Thresholds can be optimized based on gate voltage of power switch!

27
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Ve clamp: flexibility, protection

System benefits Measurements & specifications

@ — - - - - - — - - \_ - —
- VCECLP |\J Vour: 6V/div 1 =
Timer Latch |#— Deglm:h q—ﬂ_—< -kt 1 L X
. Timer f [ Ii \
VegcLem = A SRR R SR S S {‘ ‘l
. O NrA—— |
[ \:\ s & Vs (100V/div)
I
Tk,
FaultReg Corn:.ml < = S o 0 o
PWM Logic D et
= s
B mm SmsesTie
e O o O e .8
—
UCC5870-Q1 Ve Clamp Characteristics: Typ. Value
v' System Flexibility: Option between 3 communication modes Ve Clamp Threshold /—— 2.2V
(address-based, daisy-chain, reg_ular S_}PI) ' o e el e e o VesoLpirs 200 MV
v Ease of System Programmability: Simplify design time and _ _
engineering effort Vce Clamping Interv ention Time tvcecLp 20 ns
v' Address-based SPI: Only requires 4 1/0 pins and provides 6x Ve Clamping Hold Time tycECLP HLD Adjustable

shorter response time compared to daisy chain configuration

High v oltage clamping only activ e for a short time to preventshoot-through

28
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Gate voltage monitoring: flexibility, protection

System benefits

vV

Q
@]

2

ILH(|

DESAT

Control
Logic

=Hie—e—0

OUTH

STATReg  |Control
‘—

4
Logic _@7_

v' Enhanced System Safety: Ensure output follows the driver input as
high or low to detect a system failure such as open resistor at gate
or gate short

v' Real-Time Fault Monitoring: Dedicated fault output to feed
information back to MCU

v Size Reduction: Removes external components to monitor driver
output woltage

Measurements & specifications

v' VBST voltage drop triggers Gate Voltage Monitor Fault
v' When Gate Voltage Monitor Fault is detected, the outputis
turned off

UCCE5870-Q1 Gate Voltage Monitor Eharacteristics Typ. Value
Gate Voltage Monitor Threshold Value (reference to V¢c)) 3V
Gate Voltage Monitor Threshold Value (reference to Vgg,) 3V
Blanking Time (Programmable) 500-4000 ns
Deglitch Time 250 ns

29
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Motor controller interface:

System benefits

UCC5870-Ql L
HS PWM K}

MCU

=

LS PWM

'L Hspwm
T T LsPWM

v' System Flexibility: Supports 100%duty cycle operation (min
250ns input pulse, 30 kHz max frequency with ADC)

v Shoot-through Protection: Interlocking with two drivers prevents
shoot-through with programmable dead time and fault reporting

v" Noise Immunity: Minimum pulse width rejection on IN+ and IN-

flexibility, protection

Measurements & specifications

IN+

e e e = P g b e e 0

IN-

Shoot-through prevented and STP Fault triggered

v' 100% Duty Cycle possible with integrated charge pump

v' Programmable dead time: Ons, 105ns,175ns...up to
4445ns in increments of 70ns

v Noise rejection chosen based on programming input pulse
width rejection ranging from Ons to 210ns

30
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Active Miller Clamp
internal Willr Clarp

VCLMPTH VCLMPTH

OUTH

I

TT1

| CLAMP

L
L7

Deglitch

Deglitch Timer
Timer o CLAMP m
2 - J i

pWM—>>  Latch Jﬂ Pwn—> bt

[ ]

L GND2 1 |—|—| GND2
= Miller Clamp insideIC = Miler Clamp outside IC: Discrete Si MOSFET switch
= 5A peak pull-dow n current = Flexible peak pull-down current +5V signal w.r.t. VEE2 @ CLAMP pin
= Adjustable VCLMPTH (1.5V, 2V, 3V, or 4V) » Adjustable VCLMPTH (1.5V, 2V, 3V, or 4V)
= Suitable for close connection of CLAMP pin to gate terminal of pow er switch = Suitable when CLAMP pin is far aw ay from gate terminal of pow er switch
= System challenges w hen connection from CLAMP pin to Gate terminal of = Low inductance from clamp to gate terminal of pow er switch
pow er switch s too long (high inductance) = Better technique for pow er module implementation

31
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Active Miller Clamping

Miller clamp kicks in an pulls the gate to VEE
with a low impedance path

T 4 T LI A |

vDD2 As the SW node

,J rapidly changes,

|_ .

- | J 100 < coupling can turn
\ | | | E‘ = I | H on the External

‘ power FETs

through the
parasitic coupling

\
"
il

32
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6-channel ADC: accuracy, integration, low noise

System benefits Measurements & specifications
_' *

vcez

CLAMP
OUTH

Total Channel Error (LSB)
Total Channel Error (LSB)

OouTL 4
+-40C :
CHSEL | 1 25C T
150C
Temperature ? o ] o 2 E 3 s ¢ “ ' e 2 2 3 2
Peral Var (V) Var (V)
%_—— 0C/SC current
obitapc y—  MUX 3 DOLK Volkigi Precision reference can measure Al*to within +1/-2 LSB (+3.5/-7 mV)
= General purpose
T General purpose
3
+ Input Voltage Range (Al to A6) (0)Y) 3.6V 3.636V
v' System Flexibility: Variety of configurations to measure VREF (V) 4
temperature, current, or voltage
INL, external ref (LSB) -1.2 1.2

v' Higher Accuracy: Integrated 10-bit ADC and internal OR external
VREF DNL (LSB) 0.75 0.75
v' System Cost/Size Reduction: Save ~$0.37 per channel by

T . External ADC Reference Turn-On Delay (us) 10
eliminating external ADC

NTC bias current (prog range, uA) 100 1000
33
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6-channel ADC: use cases
Isolated switch temperature sensing: NTC/PTC/diode

vCC2
.
Internal . .
VREF VREF il * HV Bus Sensing
CHSEL¢ o ] o i = Monitor DC link voltage
Ttox g ALLAS 1 " Power switchjunction ntcrnal = Referenced to low -side
L2 - VREF
10bit ADC MUX T tempergture - —K} Rava driver common
; monitoring Alx vz
= i 10bit ADC MUX . -y
- * Power switch over- T : s

Example using thermal diode + internal VREF  temperature :

configurable w arnin
vee2 — 9 9 VCE voltage measurement
I: and shut-dow n

LDO ) .
= Option forinternal or )
VEEE external VREF to " HV VCE Sensing
Rdliv _{ . vee? —|r} = Monitor if phase open or
CHSEL | . improve accuracy y
AL/ NTC [{1}:;?:—1 = Closed
K 2 Y ] .
10bit ADC MUX — ¥ VEEE  H mmif = Option to referenceto
= CHSEL . . .
l ¢ Alx Rdn2 high-side or low -side
= 10bit ADC MUX ‘ pa common
N Rdw3

Example using thermal diode + external VREF

34
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6-channel ADC: sampling modes

High phase PUM channelsolection egister sating *PWM duty cycle s increasing S diation in
high ph: incr ing and low pha:
CH1, CH2, CHs sl et CHL,  CH2, CHS ieimocmm e piss

Low phase WM channel selection register setting

Low phase P channel selection registor setting.

CH2, CH4 CH2, CH4

Hybrid mode Configuring ADC modes

[ T ————
o, o, o

= Three modes available to ensure least amount of switching noise

= Ry g B =N T = Center sampling mode: samples in middle of switching cycle
N+ 7 _ = Edge sampling mode: samples at start or end of each switching cycle
_ ey [ o o = Hybrid sampling mode: samples mode samples in the center until a
o S ‘ — 7T o< e cycle is significantly longer then the one before it

tgawanin = thybrid ’ et < thybeid

[P S ———
o, e

35
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Tl Unique

Power Switch Vgt Monitor: System Reliabilitﬁ Feature
18t PT i

)28( lwap | [
15k ! ”mi Pt Vi Monitor
el
= GND2
';I 2 r lene Q
- AVGTH isa precursor to IGBT ADC Y o - our 3 v
~ 9 fal I ure d (6 tavah tovemn = Cies*Vom'leno
- : Lvery
é-\c c Lavamim
6 2 0
3t
( u. L L i L i
0 5 10 15 20 25 30

Number of kcycles

v Integrated Health Monitor: Gate driver used to perform threshold
voltage measurements over system lifetime
v' Help System Anticipate Failure: Works with MCU to provide

critical power switch data VGTH is accurate measure of health of external power switch

Test done with Cree SiC MOSFET C3M0065100K with voltage threshold of 1.8-3V
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Built-in self-test (BIST): enhanced reliability

BIST (built-in self test) mechanisms

Example & benefits

UV/OV Comparators of

Internal Regulator Automatic on Power Up (Latent Fail Check)

UV/OV Comparators

(VCC1, VCC2, VEE) Automatic on Power Up (Latent Fail Check)

Main Clock Automatic on Power Up (Latent Fail Check)

Comparator for

Thermal Shutdown Automatic on Power Up (Latent Fail Check)

DESAT diagnostic On-Demand (with SP1 Command) SPI command sentto check VCE Clamp and fault reported showing

functioning detection mechanism
SR SIeE a_md OTP On-Demand (with SPI Command)
comparator diagnostics

v' System and On-Demand Diagnostics: Ensures operation of
critical driver functions at power up and on-demand using SPI
programming

v' Enables Easier ASIL-D Implementation: Integrated diagnostics to

Gate Monitoring On-Demand (with SPI Command) support system-level functional safety requirements

CRC On-Demand (with SPI Command)

VCE clamping

detection diagnostics On-Demand (with SPI Command)
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Other diagnostics and protection: reliability and

System benefits Measurements & specifications
MCU m{m ;’ Register i i 1 | Register I!I:.SA: " } Data updated by ECU } Data corruption
N(_ ‘ Bank : 1 Bank WC: } |
:(( E - - W:;:‘f Configuration X X
- N ¢ h.! ouTH o N i i ! i !
ASC_EN ‘Ifauh status : : ) OUTL } | | | | |
) tcc(%back. PS [ PS mnmtf)r, . | ; [P ; ; ; ;
nFLT1 monitor, clock :,;,: clock monitor, VEE2 CEG CRC CHK } l¢ »le r — —plg »!
nFLT2/DOUT | monitor, :g: reference CLAMP I I | | Pl }
1cc referenci s monitor SND2 : | | [ |
t\:‘l le'n(::r::llore i_ﬁi o (\:i'. CRC calculation } A f f # } f
’ N 12 ) and data check ! I
PWM2 IN- ~ - |§| = All | | ; ; ; ;
PWMI IN+ i A :m: .'-_ Al2 CFG_CRC_FAULT } : } } } }
CLK K 4 t B A3 T T T T
[
g8 s . |[pietoDie|! | | DietoDie Al — ‘ ‘ = >
SDO SDI SPI Logic Comm I I Comm Als C f i D CRC Ch k T i
i i 0 g onfiguration Data eck Timing
VREGI : i VREG2
GNDI [} VEE2 . . . - .
- - v' When the driver is in the ACTIVE state, the configuration and
*Block diagram only depicts certain blocks . . .
Ry R control registers are protected by the CRC engine (this can be
_ . . disabled)
v Data Protection: CRC (cyclic redundancy check) protects various v" An error can be induced on the primary or secondary side
registers against faulty data transmission when in the Active State v CRC checks on SPI transfers are continuously updated as traffic is
v' Communication Protection: CRC checks for SPI transfer are sent/received and is updated with every 16-bits that are received

continuously updated as SPI data is sent/received

v" Flexible Feedback: Configurable fault outputs nFLT1 and nFLT2 See the datasheet Detailed Description section for more information

to report various faults and warnings
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