IMPROVE TRACTION
INVERTER SYSTEM
EFFICIENCY AT LOWER COST

New Product
Update



Agenda

» Key traction inverter design considerations

» |solated gate drivers for EV/HEV traction inverters

» Real-time variable gate drive

— Traction inverter operating conditions that impact the power switch

— UCC5880-01 value proposition

— Real-time variable gate drive strength concept and design

— Experimental test data showing impact of variable drive strength

— EV benefits

* Design support tools
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Introduction of traction inverters in EV/HEV

----------------

@ i LHV DCDC oy 12-V Battery
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» Converts DC to AC
» Controls speed and torque
» Directly impacts efficiency & reliability
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Inverter & motor control: market trends

alvanic isolation

High voltage q-’,{;i—_g
"

{:} Technology trends

» Increased power levels
= 100 kW to 500 kW

B
> Higher battery voltage wise A M
[ ] [ | il N | I
* From 400 V to 800 V gEB Smm;“';““'“m > E

> Higher power density E.EFH;—- EN K3 |

- Upto 50 kWIL — ﬁ @m

Signal isclation Self-diagnostics/meonitoring

=  System integration

» Maintaining safety and reliability
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Key traction inverter design considerations

EV goals D_e3|gn_ Inverter subsystems
considerations

Maximize EV range  Efficiency Controller/MCU

Improve EV Cost Bias supply
charging

Size Feedback loop

Make EVs more

Protection Bus bars
affordable

Reliability Gate drive
Enable safe

operation Power modules
(SIC/IGBT)
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Increasing integration increases the gate driver impact
on the system

Modern gate drivers integrate features such as:

Isolated ADC sensing
» Power module temperature sensing
» DC bus voltage monitoring
DESAT/Over Current protection
Bias monitoring (Under voltage and over voltage)
FET Gate monitoring
Programable safe state
Built-in self test

Real-time variable gate drive strength

Safety & glue logi c
E -
Wired interface Dlgltal processing

n H n System basis chip (SBC) L
+ + Power stage

r ——————— Galvanicisolation

ran e
High veltage w};

Wil BENSE
o
2

_________

*ﬁ@m‘_

Cumant & voltage sensa

VREF AFE

Signal isolation Self-diagnostics/monitoring
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Major problem & challenges to solve in HEV/EV

Problem: Loading, temperature and battery voltage affect Loading TerTezrmamt;re !
electric vehicle efficiency, EMI, and SiC VDS overshoot E At logs mw[;jm '
impacting battery size, cost, drive range per charge, and el _ .-
rellablhty EG LT JHli“h speed .

spoed (km/h)

=
i
High
acceleration/ .
J - 2 o 2 4 <] deceleration

acc (mis?)

Design challenge: Implement real-time variable power stage
gate drive based on different operating conditions in order to
maximize efficiency, while controlling EMI and VDS overshoot

time (%)

650

— High Current leads to inductive spikes during transitions Figure 9. WLTP and reallogs speed and acceleration histograms SRS T EEET.
— Low Temperature leads to reduced SOA on VDS High Voltage
— High Battery Voltage leads to higher voltage spikes as the max Voltage (V]
spike voltage is directly proportional to the DCLINK voltage 15 00l Cutrond Dichengs Chivecherele f-sz;;gew
UCC5880-Q1 enables increased efficiency, overshoot = S B
control, increased power density and reduced system § End of exponenta zo0e \ E
cost through real-time variable gate drive strength ’ T l ]
and protection and monitoring feature integration 25 : e o T35

*The Worldwide harmonized Light vehicles Test Procedure (WLTP)! is a global standard for determining the levels {*
of pollutants, CO, emissions and fuel consumption of traditional and hybrid cars, as well as the range of fully electric vehicles. ls TEXAS INSTRUMENTS



https://en.wikipedia.org/wiki/Worldwide_Harmonised_Light_Vehicles_Test_Procedure#cite_note-1
https://en.wikipedia.org/wiki/Pollutant
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Fuel_efficiency
https://en.wikipedia.org/wiki/Internal_combustion_engine
https://en.wikipedia.org/wiki/Hybrid_vehicle
https://en.wikipedia.org/wiki/All-electric_range
https://en.wikipedia.org/wiki/Electric_vehicle

What is variable gate drive strength?

Traditional gate driver output structure Variable gate drive implementation

veer Discrete

@m > Single power stage
B : » Adds external components

(FETSs, digital Isolator, RCs)

» Drive strength adjusted by
enabling/disabling Q3 & Q4

Digital Isolator for
FET enabl| I

< Integrated
VEE2 > Dual split output power stage a1
> Control signals via GPIO or SPI oo

Q2 __ .
» Single driver power stage, Q1 and Q2 _
> Drive strength determined by > REdUCEd cost 8(; cor:jwlplexnv _—
impedance of Q1, Q2, and Rg erma when compared to discrete -
_ . : v :
> Further determined by Ry and Roge » Easier control of drlyg strength Qs !
. . over operating conditions
» Not real-time variable veez vee2
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Power switch transient elements

Gate drive strength affects switching speed (switching losses, VDS/VCE overvoltage)
. RG sized to prevent VDS overvoltage violation under worst case conditions

Module
VBUS

lLoap
TJ

Test results

Drive
strength

Eon(mJ)
Eorr(mMJ)

VDSpeak
V)

Test conditions

CAB450M12XM3
800 V

450 A

25 C (Ambient)

Weak Strong
drive (5Q) drive (1Q)
40 mJ 16.5mJ
39.7mJ 20.2 mJ
1018V 1157V

o Not optimal for nominal operating conditions

Drive strength

VCC2

a1

OUTH n

ouTL

10

Q2

VEE2
Strong Drive

vee2

Switch node

3

Transient
Overshoot

DC Link Voltage

Switch Node Voltage [V)

Time s]

Lransiant

OUTH sa

ouTL 50

az

VEE2

Weak Drive

_ i Overshoot
DC Link Voltage

Switch Node Voltage [V]

Time [s]

]

Stray
inductance
causes the
overshoot

AV = —Lgrray a

'
: ]

o
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Transient overshoot management and efficiency
Optimization

Real-time variable gate drive strength (VGDS) enables optimization of
transient overshoot and efficiency

100S Lilon Pack Discharge Curve Example

» Fully charged battery pack (SoC from T
100% to ~80%) requires weak gate drive cagom Heniiom
strength to maintain the overshoot within e e pommmmmmoos - SR
the headroom

« Slightly discharged battery (SoC from
80% to 20%) allows for strong gate drive

Battery Pack Voltage [V]

» Variable gate drive strength increases

g
0% fmmmmm e

W% —mmm e
WWhp-——m—m— - ==

[0 S . ———

system efficiency for approx. % of the £ :
charging cycle State of Charge (500
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UCC5880-Q1 isolated gate driver + UCC14240-Q1 isolated
bias for traction inverters

Industry-leading high integration & advanced
isolated SiC/IGBT driver +

industry’s smallest, lightest isolated bias

UCC5880-Q1: Isolated driver

v’ + 20A split output drive, dual output

v Real-time variable drive current

v 75 ns programmable short-circuit
protection

v >100 V/ns CMTI

v 1S026262-compliant (ASIL-D)

v SPI-programmable

v Reinforced Isolation

UCC14240-Q1
3.55 mm height
96 mm? area

UCC5880-Q1
2.65mm height
77Tmm? area

Inverter board
implications

UCC14240-Q1: Isolated bias

v 1.5W -2 W isolated Bias

v/ 3.55 mm height SOIC package

v + 1% output accuracy (SiC)

v Reinforced isolation

v Over-power/temperature protection
v Fault communication

v 1S026262-capable (FS support)

v >150 V/ns CMTI

v Vibration & noise immunity

>2X smaller PCB area, 4mm height

Eliminates 30+ discrete components Highest density, lower cost

+20A split output (no booster stage) +

dual output + real-time variable
[

No bulky external transformers _-/ Lower weight, vibration immune
| 1

-

-y

-

75ns short-circuit protection,

+1% output voltage regulation ST pleisetion

Vgth power switch monitoring Failure prediction

2-channel ADC + SPI + diagnostics 1S026262 certification

. Optimized efficiency & overshoot
— -

:

! /
,

Inverter system
implications

Smaller
Lighter
Lower cost

Integrated powertrain

More reliable

Safety standards

EV / HEV
benefits

+20 km Longer Range
per charge

~$300 battery cost
saving

9/ Passenger safety
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Designing for real conditions

600
[¢}]
00 g - Hardware has to support
400 —  Weak/ Strong 1% the highest current peak
Drive Threshold =
oS e A S i I | A -

The inverter stays in the
strong drive region most
of the driving cycle

|

200

1

Inverter Peak Current [A]

100

|
Strong Drive

0

8 o o o o o o
o o o o o o
oo o ~ < © 0 o
i — — i — (9\]
Time [9]
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Gate drive strength selection | Weak vs strong

Weak gate drive strength criteria

» High load current (di/dt) _——
» >80% peak battery / r
voltage at max charge f \
» Cold temperature | GATE- -
SOURCE
» Low load current )
» <80% peak battery 1/—_
voltage at max charge | |
> Ambient & Hot | \
temperature — GATE- —
SOURCE
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Variable drive strength performance

UCC5880-Q1: Eon+Eoff (mJ)

UCC5880-0O1: Overshoot (V)

100 . 1200
90 i 1150 UCC5880-Q1
80 C:rossover 1100 (20A)
70 ”.g = 0% EONIEOFE : Reasonable Overshoot
= ~50% ! Limit —_|-148V
60 = reduction i 108 = )
50 LH 1000 8
40 5 950
L UCC5880-Q1 & :
30 (20A) S :
20 900 i ~40% overshoot
i reduction
10 850 !
0 800 ILoad: (A)
0 100 200 300 500 600 100 200 300 400 500 600
Conclusion

- Traditional output structure must be optimized for worst case overshoot which impacts nominal switching losses.
Real-time variable drive strength implementation allows optimization of switching losses across full load current range.

a4
I
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Variable drive strength change reduces VDS overshoot

Drive strength determined by VBUS =800 V; Drive strength switchover after |, ;op = 300 A
operating conditions SITo
Need MCU or hardware logic
intervention (SPI or GPIO)
Changes drive strength in real time
from one cycle to the next

* Notintended to shape

switching waveform

1080V VDS overshoot limit

Drive strength switchover
threshold (I oap = 300 A)

Strong drive (20 A) | oap = 300A Weak drive (5 A) I gap =350 A
turn off transient ST = W= turn off transient
Max VDS = 1071 V 4 6 8 Max VDS =991 V
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Variable drive strength: Strong drive at 300 A

Drive strength determined by VBUS =800 V; Strong drive | gop = 300 A

operating conditions. — '

Need MCU or hardware logic

intervention (SPI or GPIO).

Changes drive strength in real time

from one cycle to the next: Strong drive (20A) .. . = 300A
«  Not intended to shape turn off transient

switching waveform Max VDS = 1071V

' 1.071 kY

16

W3 TEXAS INSTRUMENTS



Variable drive strength: Weak Drive at 300A

Drive strength determined by VBUS = 800 V; Weak drive | oop = 300 A

operating conditions.

Need MCU or hardware logic

intervention (SPI or GPIO).

Changes drive strength in real time

from one cycle to the next: '
« Not intended to shape R i b

switching waveform N s

P

\ AL N\
A AR i S e T R R
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Cumulative Energy [kKWh]

Vehicle Efficiency Improvements

CLTC Driving Cycle with and without the Real-Time Gate Driver Strength Feature (Test Data for a Compact Vehicle)

2.5

15

| | |
Weak Drive

Combined Drive

200

O o 9O o
© o © 5
< o 00 o
—

Time [s]

1200

1400

1600

1800

4.6%
Savings
Consumption per
CLTP cycle
Distance
] Average
consumption
Improvement
o
o
o
[V}

2.330

14.94

156

2.224

14.94

148

>4

kWh

km

W/km

%

18

W3 TEXAS INSTRUMENTS



Vehicle benefits from real-time variable gate drive

* The real-time variable gate driver strength feature significantly improves the light load efficiency

» Typical passenger vehicle operates in light-load conditions most of time

-$300 +20 km

Battery Cost Operating Range

Results in

>4% efficiency
increase

-40 liters
Battery Volume

(Assumed 76 kWh usable battery, 470 km range, 162 Wh/km efficiency)
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Getting started

You can start evaluating this device leveraging the following:

Product folder
Customer training series
or webinar session

Technical blog content

or white paper

Selection and design
tools and models

Development tool or
evaluation kit

UCC5880-Q1

Reference design 800V/300kW traction inverter reference design

Protecting power devices in EV applications

How to maximize SiC traction inverter efficiency with
real-time variable gate drive strength

FuSa documents, full datasheet, Simmetrix model,
power dissipation calculator

UCC5880-Q1 half-bridge evaluation module for 20-A,
isolated, adjustable IGBT/SIC MOSFET gate driver

Resource type Link to content or more details

https://mwww.ti.com/product/UCC5880-01

https://www.ti.com/tool/TIDM-02014

https://mww.ti.com/video/6245177995001?context=
1134585-1148168-1148181

https://e2e.ti.com/blogs /b/behind the wheel/posts
[how-to-maximize-sic-traction-inverter-efficiency-
with-real-time-variable-gate-drive-strength

https://www.ti.com/product/UCC5880-0Q1

https://www.ti.com/tool/UCC58800EVM-057
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https://www.ti.com/product/UCC5880-Q1
https://www.ti.com/tool/TIDM-02014
https://www.ti.com/video/6245177995001?context=1134585-1148168-1148181
https://e2e.ti.com/blogs_/b/behind_the_wheel/posts/how-to-maximize-sic-traction-inverter-efficiency-with-real-time-variable-gate-drive-strength
https://www.ti.com/product/UCC5880-Q1
https://www.ti.com/tool/UCC5880QEVM-057

Visit www.ti.com/npu

For more information on the New Product Update
series, calendar and archived recordings
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http://www.ti.com/npu
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