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—e Towards zero emissions

—= Value of powertrain integration

—=* Power density at a system level

—e Wide band-gap semiconductor devices: SiC and GaN

—= |solated Gate driver: key to powertrain integration

— Trend towards advanced diagnostics and protection
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Automotive megatrends

Greener
Driver Start-stop .
assistance  technologies Improved fuel efficiency
Safer =) 4 and lower emissions
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Less driver distraction
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always-on connectivity
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Electrification

Downsized internal Electric-only drive mode

Start-Stop, most basic combustion engine (ICE) Electric propulsion
level of electrification Electric torque assist limited by amount of ?{?gé Of“’bomrd charger ;
o _ or recharging an Entirel lled b
Limited recuperation Limited electric propulsion energy recuperated mcre)ased eIectr?caIgmileage e:;éftlilé‘ &fgt%i ed by

5-12(40)KW 20-80KW No ICE on board Adds energy

3%-10% savings , >50KW harvesting for
(] (] g 8%-16(30)0/0 savings 20%-50% savings 50KW - Solar
12v 40%-80% savings ; ibrati
- 48V (some HV) (48V) 100V-400V Y Y g Shock, Vibration

(48V) 100V-800V 100% savings (active suspension)
e >50KW
o (48V) 100V-800V

)

100% savings
o Batter_y 100V-800V

The roadmap toward
zero-emission transportation
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Value of powertrain integration

"

Performance and reliability improvements: increasing system level
power density with reduced discrete component reduction

Wide band-gap semiconductor devices: a disruptive technology in
the automotive market

—e |mpact on overall cost
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Trends driving change in power management
4 N\

~

Power density — Low noise —
Integrating active Reducing or shifting
and passive noise simplifies the
components to safely Iil power chain and
improves reliability

and reliably achieve

size-reduction goals for precision analog

applications

Isolation —
Enabling the highest
working voltage and
highest reliability in
high-voltage and
safety-critical
applications

Low EMI -
Minimizing
interference with other
system components
and simplify the
engineer’s design and
gualification
processes

/
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Power density at a system level

The power efficiency and size of the powertrain system determines
the performance of an HEV or EV

Increase power density powertrain systems through integration —
to achieve the highest efficiency in the most compact space

—= Significant changes in topologies/architectures, integrated IC
solutions and semiconductor power switches
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Wide band-gap semiconductor devices:

A disruptive technology

—

—

—

High voltage operation

High frequency operation

Higher junction temperatures

Lower power losses
Increased heat dissipation

SiC: Traction inverter and high power OBC
GaN: OBC & DCDC

Reduced system cost

wi3 TEXAS INSTRUMENTS

8



Why SIC?

SiC Material Properties + Power System Benefits

‘ Intrinsic Material Properties Properties leading to System Benefits

Y Y

Impact on Impact on Impact on End
Bandgap
Es (V) Energy
High-Voltage
Critical Field operation
Egr (MVicm) Breakdown 0.3 3.3 3.5 Higher
Voltage Switching
Saturation Fraigsncy Syst:
Vg (x107 cm/s) veloci 1.0 2.5 2.2 " " s.ys em...
by Lower Switching Smaller Filters & S
Elect 990 Losses Passives g; s\‘;;téhg;
ectron -
K (cmV.s) Mobility 1400 2000 900 Reduction
Thermal Fewer Cooling
A (Wiem.K) Corductiuy 1.3 15 4.5 Noeds
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|solated gate driver: Key solution to powertrain integration

« At a powertrain system level, when viewed as a black box, there are
three semiconductor components

— Power semiconductor.
— Isolated gate driver
— Digital controller (microcontroller)

wi3 TEXAS INSTRUMENTS
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Need for i1solation

Isolation is a means of preventing DC and
unwanted AC between two parts of a system
while still enabling data and power transfer
between those two parts.

Isolation is used to:

Protect human operators and low-

voltage circuitry from high voltages

Handle ground potential differences
between communicating subsystems

Improve noise immunity

The real
world

Temperature
Speed
Position
Flow
Pressure
Sound
Light

Humidity

=

-

TRANSCEIVERS
(CAN/RS-485)

ISOLATION

!
A
!

=

DIGITAL INTELLIGENCE
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What Is an isolated gate driver?

Isolated Gate Driver:
= Drives Power Switch
= |solates Controller from Power Switch

- ~
Control Controller Gate Driver IC 1

-~ Panel IC 3 |

o
f

v

ISOLATION
GATE DRIVER

HIGH
VOLTAGE A
ELECTRICAL
SHOCK HAZARD

= Power Ground

\ |
//J

‘&T"‘a- |
+ Earth Ground

1
1
y \. J J_

Gate Driver with
Integrated Isolation
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|solated Gate Drivers Application Topologies

Primary Side

) High VDC+
SR STAGE
PFCSTAGE [rp— 1 L
- eost ~a00v Step down AT i
- » —
W 3
e

OBC: PFC (Power Factor Correction) DC-to-DC Power Conversion :
R e Traction Inverters
Power Conditioning Synchronous Rectification
Applications: Applications: Applications:
= Wall Charger & Adaptor = 5G/Telecom Power Supply = HEV/EV: Traction/Aux Motor Inverter
= 5G/Telecom Power Supply = Merchant Network & Server PSU = VF/Servo Drives & AC Inverter
= Merchant Network & Server PSU = UPS = Solar String & Central Inverter
= UPS = EV Charging Station = Elevators & Conveyor Belts
= EV Charging Station = EV On-board Charger & DC-DC = Industrial Transport: Rail & Heavy EV
= EV On-board Charger = Solar MPPT Boost Stage = Grid Power Conditioner
= HVAC = Automotive Body Electronics = HVAC
= Appliances & Industrial Power Tools = HVDC & Grid Power Conditioner = UPS

Wi TEXAS INSTRUMENTS
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TI's Capacitive Signal Isolation Technology

Increased System Robustness over Lifetime

[Link to ti.com/isolation]

* Industry-leading Integrated Capacitive Isolation

= SiO, is the most stable dielectric over temperature
& moisture

» Leverage advantages of TI’s customized CMOS
process:

= High precision

= Tight part-to-part skew

= No wear out mechanisms

» Low defect levels

= Highest lifetime in the industry: >1.5 kVgys for 40 years
= Superior transient protection for harsh

environments: >12.8kV

[NOTE: CMTI = Common-Mode Transient Immunity]

Series Cap

VN

B 500um;  plE—

Right Die

Package

UCC21530 CMTI Results

¥ |INA=INB=HIGH

OUTA (No Fault Qutput)

(5Vidiv)

~ Positive CMTI

/ 155V/ns Negative CMTI
/ ~ e

199V/ns
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http://www.ti.com/isolation

TI's Isolated Gate Drivers: Built for HEV/EV

HEV/EV

Longer Range

Faster Charging

Affordable

Passenger Safety

Vehicle
Implications

Light Weight

Higher Power )
Low Cost

Safety Standards o

Power System
Implications

= Efficiency

= Power Density

= Faster Switching

= Smaller Magnetics =
= Lesser Cooling

= WBG Switches

ISO26262 Certification i 7

TI’s Isolated Gate Driver
Products

+15A (Min) Integrated Drive current
100V/ns (Min) CMTI

10-bit Noise-immune Multi-channel
ADC for sensing/diagnostics

Fast accurate (50ns) short-circuit
detection

Programmable Active Short Circuit
Switch Health/Lifetime Monitor
Diagnostics & SPI Programmability

SafeTI™: ISO26262 Compliance

wi3 TEXAS INSTRUMENTS
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http://www.ti.com/technologies/functional-safety/overview.html
http://www.ti.com/technologies/functional-safety/overview.html

Gate Driver Integration of advanced diagnostics & protection

« Achieve the lowest possible FIT rates

« Significantly reduces the number of components and PCB space
« Reduces the overall system cost

wi3 TEXAS INSTRUMENTS
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Traction Inverter: High Voltage

Reverse i DC-DC
Polarity e o el (Buck- 18V
12v Protection Boost) B — y
Input Power AEBErEY| <
—— Protection Non-Isolated DC/DC Power Supply
T -
-
SBC

System Basis Chip (SBC)

ESD CAN —
ESD LIN
FLEX
Sl
ESD RAY

SAFETY
LOGIC

Digital Processing

RESOLVER
INTERFACE

Resalver Interface

[Link: ti.com EE Reference Design & Products — Traction Inverter — High Voltage]

HWv

|
1

-‘_I_

B -
|

Isolate[i DC/DC Power Supply

|
BIAS SUPPLY
GATE DRIVER

IGBT / 5iC

|
Signal Is'ilation

11
S
o]
| nn
L
Al
T L (R
= |
|
L | Power Stage
I HV
i CURRENT &
VOLTAGE
SENSE
! Current and Voltage Sense
I 3x IGBT TEMP
D HV VOLTAGE
| SENSE
G |l

Self-Diagnostics/Monitoring
|

Isolated: Switch Protection + Diagnostics

1ISO5852S-Q1  (1GBT/SiC) +2.5A1-5A, 8mm, 5.7kvrms,

30V output, Internal Miller Clamp,
DESAT Detection, Isolated

Fault Feedback & RESET, Power Good,
Safe Shutdown (Soft Turn OFF)

UCC217XX-Q1 (GBT/Ssic) +10A, 8mm, 5.7kvrms,
33V output, Internal/External Miller Clamp,
DESAT/Over-Current Detection, Isolated
Fault Feedback & RESET, Power Good,
Isolated Analog Sensor , Safe Shutdown
(Soft Turn OFF / 2-level Turn OFF), VEE
UVLO Option

UCC5870-Q1  (GBT/sic) 1S026262-qualified for
system-level ASIL-D functional safety
certification, £15A, 8mm, 3.75kVrms, 33V
output, SPI-programmable,

Internal Miller Clamp, DESAT Detection,
Active Miller Clamping,

6-channel Isolated Analog Sensing based
on 10-bit ADC for Switch Current &
Temperature Sensing, Isolated

Fault Feedback, Safe Shutdown

(Soft Turn OFF / 2-level Turn OFF),
High-level of SPI-programmability,

Active Short-circuit Mode, Critical signal &
isolation channel monitoring, ...

Wi TEXAS INSTRUMENTS | 17


http://www.ti.com/solution/hevev_inverter_motor_control
http://www.ti.com/solution/hevev_inverter_motor_control
http://www.ti.com/solution/hevev_inverter_motor_control
http://www.ti.com/solution/hevev_inverter_motor_control
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http://www.ti.com/product/ISO5852S-Q1
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http://www.ti.com/product/ISO5852S-Q1

UCC217XX: Solving YOUR system challenges...
New Features in SR—

UCC217XX IGBT sic

+10A peak drive strength >10kW systems use discrete buffers (e.g., NPN+PNP) to increase drive = Higher System Reliability + Higher Efficiency
(throughout drive voltage range) strength: Reliability, drive supply & cost challenges = Lower System Cost + Smaller PCB Area
. . SiC switches fast to reduce = Enhanced System Robustness
SSOVDS CHNTT (i) (el SSevins) switching loss = Higher System Efficiency
200ns Over-Current Detection + Programmable DESAT SiC has <3us = Fast System Protection
650ns Isolated Fault Reporting threshold voltage short-circuit capability = Enhanced System Robustness

= Safe System Shutdown
Significantly reduced Vce / Vps Overshoot during System Shutdown = Enhanced System Robustness
= Improved Switch Lifetime

2-Level Turn OFF
(Option)

Integrated Isolated Accurate Eliminate all discrete components used for bus voltage sensing / switch = Lower System Cost

Analog-to-PWM Sensor temperature sensing / sec-to-primary feedback / isolated alarm / ... = Smaller PCB Area
VEE UVLO . . N - . = Lower System Cost
(Option) Eliminate discrete circuitry for VEE monitoring (voltage sensor + isolator) Smaller PCB Area
External Miller Clamp More effective technique than internal miller clamp for high-power switch = Enhanced System Robustness
(Option) modules = Lower System Noise (Ringing + EM)

Small package size, 1mm pad pitch, pin-to-pin compatibility with better = Lower System Cost

Standard SOIC-16 DW Package specs = Smaller PCB Area

Wi TEXAS INSTRUMENTS
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UCC217XX: Benefits of Integration

DESAT -baséd! —-'
Short-Circuit,
. _Protection” -

5
a

o
3
o
o
«©
o
o
o
w

T: _%pglies

in 2%ann S o WIS
+10A Gurrent <R Y

Boostgr with £
Soft Turn-OFF

{ ks isolated
... Communication
¢ ype&Logic

mmGate == |70
= Resistord =

UCC217XX Feature (Discrete) Price Increase (1ku)

Discrete Current Booster +$0.90 +370 mm? Integrated Features of UCC217XX enables
Discrete Short-Circuit Protection +$9.20 + 215 mm?2 . - .

_ - v Significant System Cost Reduction
Discrete Miller Clamp + $2.80 + 30 mm?
Discrete Isolated Sensor + $4.50 +515 mm?2

v 2X PCB Area Reduction

Total — Discretes +$17.40 + 1130 mm?

Wi TEXAS INSTRUMENTS
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Power Stage Safety Architecture Using UCC21750-Q1

LB
v:.fa :—T ASC high side and low side
Vsen2 ==

__vcau

PMIC

DC+

Res =)L
WD 3 [ pigtal ports

err == 43 & —
DIsBIAS < v
DRVOFF - Coon é . .
o ; 2| | DESAT Diagnostics
vee = ;‘ ,—l | ‘
v —D —_—
oumf* | — .
] o i
VIO o e
wo = Jrem =to § = F L—}L 2 Redundant Phase Phase U
= N \ b3
= - . Ucca1750-a1 " —ri 1 curent Sensin
2::12: port AT 5 VEE2U = | [TGBT Temp Sensing— 9
10 ROV T
INT B T b —
U-PWM-H kb —
et N ——— b peear st un = 0 iU }7 Phase V Mot
INT i
8 vownn v DESAT Diagnostics ﬁ Gatg Monitor lB otor
V-PWM-L b — ‘Shunt / Magnefic
2 Ao o vl Digital Isolator i <U L gg
INWP
WepwH TNWN vec o0, 3 4
Avnv.miﬁ = A"'x’r — VGE O UH e R /l—* é b3 Phase W
:QZJEE;’ZEI T —— PWM Diagnostics L Redundant DC
Analog port VSNSL Bls S
1o =} ) vee estum £4IS oSensing
== ;7o mcu Digital ports - . )
o = ASC Command = &y 1
pe B UCC21750-Q1 - /E—«WJ
Analogport [F3 | sensortu.vw) o —
ND = e oesar R o L

1 Phase Voltage Sensinf
L

—

ot

Voo

DC-

cuamn|
oo vee
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Power Stage Safety Architecture Using UCC5870-Q1

=
PMIC

AN

11

Real Time
Control
MCU

Safety
MCU

uccsgio-al

K38T Temp Sensing

ASILD Functional Safety
Internallsolation, clock monitors
SPI programmability

Built in Self Test Mechanism

Vee clamping

ASC protection

faYad

LI% | |RedwnddhtPrase  PhaseU
CurentRensing S
= Phase )/
Redndmt §L seten (
DC Bus Sensing
] Phasg W
r@* | Phase Voltagd *
: I Sensing | "

o4r [rom HV Side

s
=

Internal PWM data check
Comprehensive fault MCU report
Fault MCU interrupt

+15A peak drive

wi3 TEXAS INSTRUMENTS
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Short-circult protection: flexibility, reliability

System benefits Measurements & specifications

vee2

PWM
\rﬁE

cue | DESAT

LEB

Timer

Driver

€T 8

CLAMP

Shutdown
Logi
Fault reg ogic

T

PWM
—

1
OCBLK

tSCIibBla.ﬂl-dng
focFLT | Time

1;
SCFLT

Stage

X oute ] |}

T OUTL T IT
RSh\ml

Vscn

AD, A4, AT6
Vocm

v' Fast and noise immunity: Initiates protection within 100ns and is
immune to noise with internal deglitch filtering

v' System flexibility across power module technologies: Choice of
DESAT and/or OC protection and programmable thresholds,
timing, and deglitch filtering

v' Reliable shutdown mechanism: Enables fast and safe shut-down
of IGBTs or SiC MOSFETSs using soft and/or two-level turn-off

v Built-in reliability: Self-tests built into protection circuitry

OC detection set to

10 action on output

SC detection set to
trigger safe shutdown

O IN+
(0
8 Alx
VGE
— N+
<
9p)
(NN DESAT
(@)
VGE

oo toceLr

DESAT threshold

[ ] > :I_
I/l / IR

Py
teow tecmLK tscmT

DESAT threshold

not reached > triggers safe shutdown
/ \ VDESATth
Ty g

——
tizs tos mix

ties tos pix foEsmT

Any combination of STO or 2LTO with OC, SC or

DESAT faults available using SPI programming!

Wi TEXAS INSTRUMENTS
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IGBT short circuit with

Soft turn-off (STO): lg7o=0.6A

VCE (200V/div)
m\

PARAMETER MEASURED VALUE

Shutdown energy

Ve overshoot

VGE (5V/div)

W

~ 3400A

CEpeak
'\_ AV ~ 260V
\\
"\ ICE (1kA/div)

1.0J
260V

safe shutdown: STO

Soft turn-off (STO): I51o=0.3A

VGE (5V/div) "

~3440A
AV ~ 164V

ICE

peak

VCE (200V/div)

PARAMETER MEASURED VALUE

Shutdown energy 2.0J
Vg overshoot 164V

optimizes for the trade-off between

for IGBTs/MOSFETs

Wi TEXAS INSTRUMENTS
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IGBT short circuit with

VGE (5V/div)

~ 2860A
AV ~ 192V

peak

ICE,

ICE (1kA/div)

PARAMETER MEASURED VALUE

Shutdown energy 1.4
Vg overshoot 192V

safe shutdown:

| |
:‘ae} Edit ‘ Vertical | Horizica | Tig } Display | Cursors | Measure | Mask | Math | MyScope | Analyze |

Soft turn-off (STO):

VGE (5V/div) e

ICE, 4z ~ 2880A 1
: AV ~ 132V ]

\
\ ICE (1kA/div)

1
Time: lus/div , . . ——— i . T ——

PARAMETER MEASURED VALUE

Soft turn off current 2.1J
Vg overshoot 132v

optimizes for the trade-off between

for IGBTs/MOSFETs

Wi TEXAS INSTRUMENTS
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Gate voltage monitoring: flexibility, protection

vVC

o)

2

System benefits Measurements & specifications

ILH(;

DESAT

]CHG ;

= GND2

SAR P OUTH ” ”/
ADC> MUx ' I " [N

STATReg  |Control
‘—

@’
Logic _ﬂi_

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 voltage

Control
Logic  ——

e 60

[VGE

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

UCC5870-Q1 gate voltage monitor. characteristics Typ. value

Gate voltage monitor threshold value (reference to Vc,) -3V
Gate voltage monitor threshold value (reference to Vgg,) 3V
Blanking time (programmable) 500-4000 ns
Deglitch time 250 ns

Fault can be reported to nFLT1 or nFLT2, or report to state to nFLT2

Wi TEXAS INSTRUMENTS
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Motor controller interface: flexibility, protection

UCC5870-Q1 _‘-—I_
S 7
HS PWM i T K}
IN- o L
MCU ﬂ
L UCC5870-Q1 ‘
. L K L Hspwm
: 9 i+ LSPWM
sownd | [T EICE T
IN- ¢ | TDEAD
Shoot-through prevented and STP Fault triggered
v System flexibility: Supports 100% duty cy_cle operation (min v' 100% duty cycle possible with integrated charge pump
250ns input pulse, 30 kHz max frequency with ADC) v Programmable dead time: Ons, 105ns, 175ns...up to

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-

4445ns in increments of 70ns
v Noise rejection chosen based on programming input pulse
width rejection ranging from Ons to 210ns

Wi TEXAS INSTRUMENTS



6-Channel ADC: accuracy, integration, low noise

System benefits Measurements & specifications

vce2

CLAMP
OUTH
OUTL

-40C
1 25C
150C

CHSEL¢

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

Temperature

Var (V) Var (V)
%_—- OC/SC current
1bitApc  »—  MUX $.. DC Link Voltage Precision reference can measure Al* to within +1/-2 LSB (+3.5/-7 mV)

= General purpose

General purpose

+
P
£ SOREA R _---
+

1 Input voltage range (Al to A6) 3.6V 3.636V
v' System flexibility: Variety of configurations to measure VREF (V) 4
temperature, current, or voltage
INL (LSB) -1 1

v" Higher accuracy: Integrated 10-bit ADC and internal OR external
VREF DNL (LSB) -0.5 0.5
v' System cost/size reduction: Save ~$0.37 per channel by

yor=nt External ADC reference turn-on delay (us) 10
eliminating external ADC

Pull-up current on Al2, 4, 6 Pins (uA) 5 10 15

wi3 TEXAS INSTRUMENTS
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6-Channel ADC: use cases

Isolated switch temperature sensing: NTC/PTC/Diode Redundant bus voltage measurement

VCC2 F
Internal . _‘ i
e VREF - = HV bus sensing
cuse | o o L2 ; = Monitor DC link voltage
[ ] a .
I ) | Power switch junction Internal = Referenced to low-side
. g lans temperature b VR -
10bit ADC MUX o cuse | e CIR A driver common
- J monltorlng Alx Rdiv2
L ; 10bit ADC MUX + *
: = Power switch over- T 3 Raiva

Example using thermal diode + internal VREF  temperature

configurable warnin R —
veen — g 9 VCE voltage measurement
b and shut-down

LDO
= Option for internal or .
VREE external VREF to = HV \./CE. sensing
Rdiv _{ . vees —] }S = Monitor if phase open or
CHSEL | ] improve accuracy —
All NTC Intemnal closed
£ 3/5 ¥ VREF 7 -
10bit ADC MUX : ¥ VEEE I smai = Option to reference to
= CHSEL . . .
l ! Al iz high-side or low-side
= 10bit ADC MUX ‘ 3 common
i i ) Rdi3
Example using thermal diode + external VREF "

[Disclaimer: Specs, features & pinouts subject to change without prior notice.]

Wi TEXAS INSTRUMENTS
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Over and under voltage lockout: adjustability

System benefits Measurements & specifications

GNDI Monitors VCC1 drop
@ indicating system failure

PWM input, fault status
feedback, power supply
i

VEE2
DESAT
VCECLP
VCC2
OUTH

Supply monitoring,

R clock monitoring,
Bank reference voltage
monitoring, TSD,

mon:
monitof
ASC monito

Monitors VEE2 to indicate
- B system failure and prevent
[ undesirable effects

GND2
OUTL

SAT protection,
'P, OCP, OTP,

CE clamping,
SC, and BIST,
functions

CLAMP
VEE2
TBIAS
VREF

Die 10 Die

SPI Logic
Comm

Maintains VCC2 level to

reduce conduction loss
and protect power switch

v Flexible supply monitoring across platforms : Programmable
OVLO and UVLO thresholds for primary and secondary supplies

v' Adjustable to fit power switch requirements: Monitor supply
voltage to protect IGBT and SiC MOSFETs from undue stress

v' Gather important feedback: Configurable fault outputs nFLT1
and nFLT2 to report various faults and warnings

VGE_15V
- Ve =12V
Vee =10V
VGE =8V

Ic (A)

n)

Ins (A)

Vee (V)

L V=15V

Vgs =10V
VGS= 8\1’ \

e

Vgs =4V

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

VCC1
VCC2
VEE2

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

16V, 14V, 12V, 10V
-3V, -5V, -8V, -10V

3.3V, 5V

3.3V, 5V
23V, 21V, 19V, 17V
-5V, -7V, -10V, -12V

Wi TEXAS INSTRUMENTS
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Power switch Vg1, monitor: system reliability

System benefits Measurements & specifications
l 815 PT vee2 13»( j‘“é‘»’\‘

!
15 X
I
— 1
z' X .
N I AVGTH is a precursor to IGBT
~ of ! failure
<]
X ° ‘
6F 2 0 I
I
I
3t [
|
( - : - : - —
0 5 10 15 20 25 30

Number of‘kcycl-es

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

DESAT N
Ll

B

= GND2

VADD

OUTH

ADC

IV}

Vs Monitor

Tl unique
feature

CTRI

|

Lewa

Voan

Vo

— * i
taven = Cies*Vom/lone

Lavamy

lava M

VGTH is accurate measure of health of external power switch
Test done with Cree SiC MOSFET C3M0065100K with voltage threshold of 1.8-3V

Wi TEXAS INSTRUMENTS
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Built-in self-test (BIST): enhanced reliability

BIST (built-in self test) mechanisms

UV/QV 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 SPI command) SPI command sent to check VCE Clamp and fault reported showing

OCP. SCP and OTP functioning detection mechanism

. . 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

VCE clamping
detection diagnostics

On-demand (with SPI command)

CRC On-demand (with SPI command)

Wi TEXAS INSTRUMENTS
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Other diagnostics and protection: reliability and flexibility

System benefits Measurements & specifications

1 | 11
MCU (;.\f[)l ‘, Raliien E E ‘,chister I)vaf/\l A : Data updated by ECU ‘ Data corruption
N(< ‘ Bk v | Bank ‘ .V(bCZ ! |
:(( - - V(\l:sls: Configuration X X
[Ty VBST
NC i :‘, ouTH pate = ; ; / i ;
ASC_EN ‘Faullsla[us : : ) ) OUTL : | | [ |
- feedback, PS [ PS monitor, N | I —— } } } }
nFLTI monitor, clock :."5 : clock monitor, VEE2 CFG CRC CHK | € "( e —
WELT2ZDOUT | monitor, (81| reference | cawe B | | | P
veel reference :§: monitor GND2 CRC eateutat : I I I } I
- it =1 . "RC calculation
Ase momor :2 : VREF and data check ! f f # } 1
PWM2 IN- - - :5 : - All : ; ; | ; ;
PWMI IN+ 2 A2 CFG CRC FAULT o | | o
ingel AL e RIS S
. - 1 1 N
g;; :I(; SPI Logic Di(f t:)][;ie i i Di(x? l(: Eie ;;: — ‘ ‘ = i
- - omr -Omi 3 . . . .
i e L o Configuration data CRC Check Timing
VREGI : : VREG2
[} 1
GNDI1 [ VEE2 . . . . .
- v" When the driver is in the ACTIVE state, the configuration and
*Block diagi ly depicts certain block: . . .
M i e 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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Active short-circuit (ASC): safe torque off

System benefits

GNDI ] DESAT.
NC 1 1 vee2
NC ; ; VCECLP
vea i
NC ] VBST
NC 1 1 OUTH
PMIC | ws | MCU ’ o
. ASC_EN I OUTL
i 1
aFLT1 s VEE2
. nFLT2DOUT } E } CLAMP
le=mer | . (S
= jogwe § 0w
AdL =i
™ igi an
- & - R
[ee] {¥] - ] - (1) Primary side ASC control
i i 1 Ald .
o o AIS (for controller failure)
sDO i i Al6 .
VREG1 ] VREG2 (2) Seco ndary side ASC
i
GNDL [ ] VEE2 control .
o (for controller + VCC1 failure)
T
[ VCC1 } } vee2
[ |
N1 (] ouTt
Controller o = P
[ |
GND1 = GND2
{ !

v' System protection for multiple failure modes: MCU failure, motor
cable short, driver isolation failure, primary side power failure

v' System flexibility: ASC input on primary and secondary side

v' SPI programmability: Flexible ASC State

v' Fast ASC shut-down: Driver-side ASC input (logic/PWM)

Measurements & specifications

'
o i

{ M

Dci Fail } uccs870-a1 0 l 0 l 0
L L . JH} Jor
T | ASC
: | : ! :
€L 1 700 1 1 i
{ESLas

DC- . -

l S R |
Controller

System ASC example:
MCU failure

Secondary side ASC
control is used

Methods of ASC and configurable via SPI:

1. Primary side ASC trigger by ASC

2. Primary side ASC trigger by In+/-

3. Secondary side ASC trigger by pins Al5 and Al6
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