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Why Is Totem-Pole PFC preferred?
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Totem-Pole configuration is commonly used in PFC topology

PFC topology comparison

to achieve high efficiency and high-power density

Configuration

Topology
Transistor

Peak Efficiency

Ly
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Traditional Boost

Si MOS

97.3%

» Simple control mechanism
* Well-known Technology
* Low BOM cost

* Low efficiency

Semi-Bridgeless Boost

Si MOS

98.0%

» Simple bridgeless PFC
» Good Efficiency
» Simple control mechanism

* High BOM cost (2x
components & larger size)
« Complicated sensing circuit

CCM Totem-Pole

SiC/ GaN FET

98.5% - 99.0%

* Highest Efficiency
* High Power density
* Low Component Count

* Critical PCB layout
» Complicated driver circuit and control
algorithm
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Config. 1 — Cost Orientation

S1

| Grid

D1

S2

D2

Config. 2 — Performance Orientation

Totem Pole PFC configurations

Grid

S1

)

g8

S3

S4

Config. 3 — Relay-less Orientation

| Grid

S1 T3

S2 T4

Technology ST Proposal Technology ST Proposal Technology ST Proposal

SCTWxxN65
STxxxxN65
STGAP2S/D

S1/S2 SiC MOS

D1/D2 Rectifier
Driver
Control

Lys
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SCTxxN65
STBRxx12W
STGAP2S/D
STM32

S1/S2
S3/S4

SiC MOS
SJ MOS

Driver

Control

STM32

S1/S2 SiC MOS
T3/T4 SCR

Driver

Control

SCTxxN65
TNxx50-12
STGAP2S/D

STM32
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ICL with PTC and bypassing relay

Inrush current limiter with SCRs

m[’%.’ x|
LYY Y ¢

P @ . o

27*16*26mm 15*7.5mm

U J

— 400V

+ Relay can be driven by simple circuit

- Relay cause audible noise when switching
- Relay metal contact aging

- Slower charging time

Lys
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In Totem-Pole PFC

ICL with SCRs

m["%.’ x|
——7 Y Y ¢

L
—— 400V,
N e 9
=], E3
650V
\ 4 L 4 g

+ Remove bulky relay and PTC/NTC

+ Remove coil and conduction loss of relay

+ Faster startup procedure

+ Active current limitation at line-drop recovery
- Need exact SCR pulse timing




Digital Power Solution for 3.6kW Totem-

Pole PFC with Inrush Current Limit Control




P""&Eg" 3.6 kW CCM Totem Pole PFC
with ICL control

STEVAL-DPSTPFC1

Key Specs

* Input AC voltage: 85VAC up to 264VAC

Prototype Available

DC output voltage: 400VDC

Maximum input current: 16A

Switching Frequency : 72kHz

Operation Mode: CCM

Peak Efficiency ~ 97.7% @ 230VAC, 50% load

ITHD < 10% @ 230VAC, >30% Load

‘,_I Digital inrush current limit control
8
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3.6 kW CCM Totem Pole PFC

with ICL control
STEVAL-DPSTPFC1

SCTW35N65G2V TN3050H-12WY Key Products:
Silicon carbide l\:OSFET 650V, 45 A SCR Thyriitor 30A 1200V o SCTW35N65G2V (S|C MOSFET)
b S + TN3050H-12GY (SCR Thyristor)
« STGAP2S (Galvanic insulated gate driver)
E"E] EY . STM32F334 (32-bit MCU)
* VIPer26LD (converter for aux. PS)
L ._rv'm_.“‘_. /,' 1w
N o \‘ ° I,’I — Vout
Ll I =
|1 TT‘ @ @  J
Kys
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VIPer26LD
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Conr Operation mode for Totem-Pole PFC

Vac >0 S1 off, inductor current falling

S1 controls PFC choke charging

S2 body diode is used only for
discharging choke to the output

S2 can be switched on during t 4 to
reduce voltage drop of the body diode

Vac <0

S2 controls PFC choke charging

S1 body diode is used only for
discharging choke to the output

S1 can be switched on during t« to
reduce voltage drop of the body diode

‘— SCRs are controlled according to the AC line
> /4 polarity in PFC steady state operation 10
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competence SIC MOSFET and driver IC

650V/1200V Gen2 SiC MOSFET Simple Isolated Driver w/wo Miller Clamp

4 N\
] vH H ——
R E it My 'LJ Rgon
_'I:& EH GouT RooFt /
e 4 k] T }
. Cotrl shifter L CLAMP
o . ﬁﬁ} ; gl
A C r— || | |1 anpiso T
0 —q_i (o1 GNDISOITVLis noil_:
NG /
« Low body diode reverse recovery. * Positive gate drive: +18V
- Low switching loss due to outstanding figure of merit * Negative gate drive: -3V or -5V
« Low power loss at high temperature due to less and / or Miller Clamp
temperature dependence of on resistance « CMTI: + 100 V/ns

« High current capability: 4A.
Lys g "

life.augmented



comoes Mitigation techniques for
induced G-S glitches

« SiC MOSFET can generate high slew rate dv/dt transients
« High slew rate dv/dt may generates Miller turn-on spike at gate terminal
» Active miller clamp feature minimizes Vgs glitch

* Negative turn-off bias also helps to prevent fault trigger due to Vgs glitch

Negative gate driving Active Miller Clamp

dVie PHASE
DRIVER )  dVps PHASE DRIVER ) :ate = Cep - : -
. IGAT Cep - — |

. : LoV :
‘_ GND_POWER GND_ POWER
[ 4 12
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VD D2

T

VDD2

VDD

CONTROL o

CIRCUIT
V S

h

RLED L

N/ GND2

r—<4 Anode

oo

rb Cathode

GND1 =

Insulated control circuit
for driving SCR Thyristors

VDDl min — VCE(sat) max _VGT(Tamb min)

R; <
[ GT (Tamb min)

VDDZ min — VF max

IGT(Tamb min)
CTRmMin

lg7 : Current to apply between gate and cathode to turn-on the device

Vg7 : The voltage to apply across gate and cathode

Opto transistor can be used to develop the SCR triggering circuit insulated from the control unit (which is

usually the MCU).

VDD?2 is the supply of the control circuit. VDD1 is the supply used to provide SCR with a gate current.
VDD1 and VDD2 supplies have to be insulated from each other.

VDD1 supply can easily be implemented using a secondary winding added to a flyback transformer

life.augmented
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STEVAL-DPSTPFC1 digital solution

» Feature rich STM32F334 MCU for digital control

72MHz Cortex-M4 with FPU and High-resolution timer (217ps) for
precise control

Rich analog peripheral set for power conversion applications
including fast ADCs (5Msps), comparators, DACs and op-amp

* Functional block

Digital Inrush
Current Limiter

LED Control

DC Bus
Discharge Circuit

Temperature
Monitoring

Lys
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STM32F334

OCP Function PFC Current Limiting

PFC Current

CxC Protection Controller

Bulk Voltage
Monitoring

PFC Voltage
Controller

AC Voltage
Monitoring

Zero Crossing Detect
(Phase-locked Loop)

PWM Handler
(duty soft-start)

Duty Feedforward

RMS Calculation

Switch ON/OFF

S

Advantages of Digital

Power Control:

» High flexibility and good
adaptability

e Reduced BOM and
downsizing

* Improved time to market
and customization

* Intelligent and safety
« High reliability

14



Power & Energy o o
coner Digital Inrush Current Limit (ICL) control

The SCR gate signals limit the AC inrush current by
progressive phase control on SCR

;ggh AAAMAANINAAAAINAAAMAINAAAMRAMINAAA .A/AC
oA ARARIA A IVIVA A VLT
D AATAVRTRVATRTRIATATATRAVATVAVAVRTRATAIAIRIAIATAIRIAIN
400 v vy v yyvivyvvyvyvvvyvyuyvviviyvyvuwvuywvy
0 0.1 0.2 0.3 0.4 0.5
30 ]
10— B S 1 o o S o AC
10 R B e B e B e e e
-30
0 0.1 0.2 0.3 0.4 0.5
i RV
‘f’:: ——
0 o 0.2 0.3 0.4 0.5
;lIIIII|II'II'IIIﬂlﬂﬂﬂﬁﬂll'll'll'lﬂﬂlﬂl_ll_ll_l_SCRl
0 0.1 0.2 0.3 0.4 0.5
T T 0 A B
0 0.1 0.2 0.3 0.4 0.5
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coner Control block diagram

PFC Control Algorithm

« Voltage (outer) loop: performed at 2 times of AC line frequency
« Current (inner) loop: performed at 72kHz
* PLL: to synchronize the phase of AC line for generation of current reference and for ICL control

. . . . HVDC — VAC
» Duty-feedforward is used for PF/iTHD improvement and transient response dpp = ——-
VAC =—p ADC L 1
1
® and VAC_Max . Feed l
PLL m HVDC_D — Forward p;l:ﬁty . :
1 I
HVDC_D é} :';O | E) 1 ES1 !
_ SiC MOSFETs g \
HVDC — ADC ) Pl Pl control : i
+ - !'s2 | '
] ‘ 1
HVDC_Ref EiSR ADC [ I- :
1 1
: Curent_ loop Curent loop :
IAC ADC : gouthie routine e
1 1
L : ADC cgmplete U‘;)date ADC cg;mlete Update :
OoCcP PFC Fault Duty cycle PFC Fault Duty cycle .
Management Management

life.augmented
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coner Zero Crossing Detection by PLL

PLL (phase-locked loop) - Synchronous Reference Frame (SRF)

Voltage
Phase Loop Controlled
Comparator  Filter Oscillator
 PLL based on SRF is one of the widely used algorithms for grid synchronization > P HA {veo—+y,
+ Quick and accurate phase detection 1‘ T

« Better noise immunity compared to hardware ZCD circuit

q + i i \
a Ga"s # Pl | Integral » 0 \ !} .
vAc - ADC Rl &Y c
+
0 15 30 45 60 75 90

B diq d : VAC
l VRMS . ] ]
o * Inverse d-q transformation for single-phase system is
ap /}— reaency employed here:
* PLL execution at 18kHz
ol LPF * Accuracy of line synchronization: +/- 55.5us
q

« O is used for PFC current reference generation and for soft-start control

at line zero crossing

+ To measure RMS voltage 17



comoes Design challenge
Current spike at AC zero crossing

Center

S3 turn off, S3turn on,
Vcoss_S3=400V Dboost_S1=0.99 Vcoss_S3=400V
Sl ié} S3 im Coss Sl ~E'} 83 ﬁ‘Coss
YN\
-_— 400V -— 400V
== ==
Vac Vac _
0 > 71\ >

S, M S, Coss Vac zero crossing f.rom S, S, Coss
Positive to Negative
—

Dboost_S2=0.99 S4 turn on, S4 turn off
Vcoss_ S4=0V

e At a zero-crossing when the AC input is going from positive to negative.
o Before zero-crossing, Vcoss S3=400V, Dboost=0.99 to S2, (1-Dboost)=0.01to S1
o After zero-crossing, Vcoss_S4=400V, Dboost=0.99 to S1, (1-Dboost)=0.01 to S2

e Right at zero-crossing, if Dboost changes abruptly, the Vcoss S3 will cause a current spike.

Kyy 18
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coner " Soft duty cycle control to reduce current spike

To reduce this current spike at each zero crossing of the AC line voltage, S1
or S2 active switches are controlled with a soft duty cycle.

VAC

So>»r

life.augmented
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d 115Vac, 8OOW a 115VAC 16OOW

Tek Stop

Tek stop

230Vac, 1800W

CH1: Input Voltage

life.augmented
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conr Efficiency / ITHD / power factor

Power Factor - 230VAC

1.00 - P ") O [ ] ® [ [
0.98 ¢ ° ° ° ° ° °
o]
Efficiency - 230VAC % 0.96 ° ° °
L [
99% 2094 @230VAC
[e)
PA o ®SPEC
97% —0 0.92
95% . : 090 e
- Peak Efficiency is 97.7% '
2 93% 350 700 1050 1400 1750 2100 2450 2800 3150 3500
(O]
2 Output Power (W)
= 91%
89%
’ ITHD - 230VAC
87% 25.00
85% 2000
500 1000 1500 2000 2500 3000 3500
Output Power (W) A 15.00
T [
= 10.00 ° ° ° @230VAC
°® o ° 1 ® ® ¢ ®SPEC
5.00 °
® © o ¢ o o o
0.00
"l 350 700 1050 1400 1750 2100 2450 2800 3150 3500 29

Output Powr (W)
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coner Soft duty cycle control to reduce current spike

CH1: Vgs of high-side SiC (10V/div)
CH2: Input Current (10A/div)
CH3: Vgs of Low-side SiC (10V/d|v)

« S1 or S2 (according to AC line
polarity) starts a soft turn-on with
a small pulse width and gradually
Increases.

« The control loop should freeze
during this blanking time to avoid
the integrator of the current loop
generating a large PWM pulse,
which can cause a large current
spike.

Blanking Tlme

@ 100V @ i00A _@p ooV y(ioom ||5 00GS/s ||
ll»v 323 0000pus] | 20M points

23
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competence Inrush Current measurement

VAC = 230VRMS @ 50Hz, POUT = 1kW

o . )
Iac E = HVDC

To ensure a smooth PFC start-up, a soft
start routines has been implemented on
the MCU firmware:
I * Inrush current limiter: SCRs are
T l i controlled with a progressive_phase
i A T v
be smoothly up to the AC line peak
voltage.
« PFC soft start: The output voltage
reference is controlled from AC line
Steady State peak voltage to 400V dc with a
it e |07 [t smoothly voltage ramp.

I“ \’ ’l \‘ H-w“ “ i |’ YH i 1“ |U il

'i\ i |

H\ | ‘ ‘ )

i I G
N A O ‘m.mw.(.

N

il 1| I} ’I IMI il l“ || ‘i Hil Ii l”' |

PEC

SAe 01AS soft-start

10AN 100! O
lwu lvw' 182
RS mwae My M

[]

[ ]

[ ]

Lys 24
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Inrush Current Limiter
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Excellent transient load variation thanks to
feed forward digital implementation

VAC = 230VRMS @ 50Hz

life.augmented

Load variation

S2 CNTRL

25
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coner Power device temperatures

The board is equipped with overtemperature protection
mounted on the heatsink

Low side SiC MOSFET
High side SCR

HI
82.7 39.8

[

39.2

06/24/2011 1eS0/950BG=20.0  T=100%  06:48:06AM

€=0.95 BG=20.0 T=100% 06:47:49AM

life.augmented

VAC = 230VRMS @ 50Hz

Pout = 3600W @ 28C ambient
High side SiC MOSFET

06/24/2011 €=0.95 BG=20.0 T1=100% 06:47:40AM

26




ST Product for Totem-Pole PFC
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coner " ST product for Totem-Pole PFC

=
0
O>»0r

Totem-Pole PFC

Low Freq Switch:
SCR THYRISTORs
SJ MOSFETs
BRG DIODEs

V /| Monitoring Gate driver IC

Digital Controller

Lys
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carer SIC MOSFETSs

STPOWER SiC MOSFET: 650 V Gen2

Package

DS(0N)

Part Number V. (V)

Typ @25° C (Q) I, (A)

KEY FEATURES

» Very low switching losses

® | ow power losses at high
temperatures

e Higher operating temperature

(up to 200 °C)
* Body diode with no recovery losses
e Easy to drive

STPOWER SiC MOSFET: 1200 V Gen2
KEY BENEFITS

e Smaller form factor and higher power
density

* Reduced size/cost of passive
components

» Higher system efficiency

* Reduced cooling requirements and
heatsink size

Package

Part Number Vi, (V) Rosom TVP @ 25° C (Q)

G7 e °

life. T
ife.augmented HIPAK-TL HIP247 LL HiP247-4L
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Compet . .
conr |solated gate drive for SIC MOSFET
1700 V Galvanic isolated Single & Dual channel 6000 V Galvanic isolated Single & Dual channel
@ STGAP2S ﬁ STGAP2D @ STGAP2HS STGAP2SICS
SO-8 STGAP2SC SO-16 sosw STGAP2HSC STGAP2SICSC

Extreme Transient Immunity Extreme Transient Immunity

Galvanic isolated, up to 1700 Galvanic isolated, up to 6000

: ) up to : . up to
Vhigh voltage rail £100 V/ns LTz Dl £100 V/ns
Fast Switching Frequency High current capability Fast Switching Frequency High current capability
(Tp 80ns only) 4A Isink / Isource (Tp 80ns only) 4A Isink / Isource

Kyy 3
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STGAP2S, STGAP2SC

1700 V, 4A isolated gate drivers

« 3V3 /5 V logic inputs (logic thresholds 1/3, 2/3 of VDD )

- Up to 26 V supply voltage

* 4 A Sink/Source current capability

« Short propagation delay: 80 ns

» UVLO Function

- Stand-by function

« 100 V/ns CMTI

* High voltage rail up to 1700 V

+ Temperature shut-down protection

I
VDD H]—l - | -

I
VLD
VoD

 Active High & Active Low input pins,
for HW interlocking

« STGAP2S: Separated Outputs option

for easy gate driving tuning
« STGAP2SC: Miller CLAMP pin option
to avoid induced turn-on
* Negative gate drive ability
- SO8 Package '

IN+

—_ O W — -

o
VH

-0 -

d

?w (i)
'l

ﬁ GND [ i |

Foating ground

VDD LJ]—‘

vDD /1 8 [ GNDISO
IN+[]|2 7 [ GOFF
IN- []]3 6 [ Gol
GND []|4 5 [OQVH
LJ] VH
IN+ L
] GON
IN- [
] GOFF
GND [
[] GNDISO

life.augmented

-
-

UvLO
VoD

Control
Logic

1I

—=HPEFrrOom— e .

—-— . = O

u

15]?}

H

oW N =

] GNDISO
] CLAMP
] GouT

] vH

o O ~

1] GOUT

0] CLAMP

Floating ground

{1 GNDISO

31
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Competecs STGAP2D

1700 V, 4A isolated gate drivers

« 3V3 /5 V logic inputs (logic thresholds 1/3, 2/3 of VDD ) oD _ — —— 1 vh A
- Up to 26 V supply voltage R ! | :
« 4 A Sink/Source current capability INAET : [I} Fiostng | GOUT_A
« Short propagation delay: 80 ns - <:>|<:> o
- UVLO Function N ! L T 5l Looson
- Stand-by function EETCL‘;'S{E' . B
100 V/ns CMTI L T ] = e e
« High voltage rail up to 1700 V BRAKE[T N | L
- Temperature shut-down protection - <:> | <:> [I} _HD:;—'“ couTe
* Single input pin, in phase with output T |
. Shl,?t—DOVI\D/n SpD pin[,)with integrateZI pull-down ! || i L Festing gound 8 e b penbises
* BRAKE pin
* Interlocking KEY APPLICATIONS voo[] |1 16 []GNDISO_A
- Negative gate drive ability :';’;?Orr;";::;’:naﬂon ::’E:E 2 1 gSSU:_A
* SO16 Package «  Industrial drives and fans w Wi_zg : 12 g:g
« DC-DC converters vDD2[ |6 11 [JGNDISO_B
ﬁ * Induction heating GND[ |7 10 [JGOUT B
life.augmented *  Welding NC.[ |8 9 OVH B 32
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carer STGAP2SICS, STGAP2SICSC

6k Galvanic isolated single channel, 4 A gate driver for SIC

oo - | - E— Key benefits & features }mg

High performance for SiC
« Galvanic isolated up to 6kV

UvLO
VH

. {3GOUT

]—
I
| |
m+[}EE———— g o
Control] <:>:<::> || G | | « 4 Asink / source driver current capability
i Logic 1 ]
IN- []r Logic j 41 CLAMP « >100V/ns transient immunity
° L | L onoiso « 3.3to 5V TTL/ CMOS inputs with hysteresis
GND [+ ' reraamatt -«  Propagation delay 80ns
— | Robustness
— . vDD [ |1 8 [JGNDISO
KEY APPLICATIONS UYLO optimized for SiC nedl » B cuawe
«  Motor control « Miller Clamp -3 6 [peour
*  Thermal Protection s [l P

* Factory automation

* Industrial drives and Fans o _ _ _
. DC/DC converters Minimum footprint and lightweight

«  Welding b « Compact and simplified layout SO8W package

life.augmented
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g 600V - 800V SCR Thyristors

TM8050H-8
800V | S50mA |
80 A, 800 V
TN2015H-6 TN3015H-6 TN4015H-6 TN5015H-6 e ——
15SmA|
20 A, 600V 30 A, 600V 40 A, 600 V 50 A, 600 V

I}
1
1
1
1
1
1
1
1
|
' TN1610H-6 TN2010H-6
600V - qo0mA | |
' 16 A , 600V 20 A, 600V
1
1
1
1
1
1
1
1

TN1205H-6 TN1605H-6
12 A, 600V 16 A, 600 V

e e e e e e e e e e e e e

S5mA |
7] | [ High Temperature SCR
| | | | | | |
| | | ! | | |
12 16 20 30 40 50 80
~ SCR Irrys (A)
@’* ﬁ % 2@ @é/’ QA

D2PAK TO-220AB TO-220FPAB TO-220AB Ins. TO-247 D3PAK

STMicroelectronics, ADG-DFD , Thyristor line

Lys y
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g 1200V SCR Thyristors

Versatile and robust devices for EV OBC, charging stations, UPS }

Fast and controlled inrush current limitation

App _ itical P PS
lrrms| Irav | Itsm Package lac RMS ritical Power U
Part Number ...-

" o

TN3050H-12Y 30 20 8.7 16
TN5050H-12 50 30 450 Indev ° 6 24
TN6050HP-12Y 60 40 600 ® In dev 7.4 32

TN8050H-12 80 50 720 Next Next 10 45 IE3 Motor Starters

150°C reliability with High switching life Enable system to resist Q
over time stability expectancy 6kV surge

Charging Stations

TO-247 Long Lead

207

Robustness against High speed power up / \
ACEPACK SMIT inrush currents line drop recovery

Kyy 3
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Power & Energy

Competenc STM32F334 MCU

Center

The STM32F334 product line is ideal for digital power conversion applications like

D-SMPS, lighting, welding, inverters for solar systems and wireless chargers

64-Kbyte Flash memory

72MHz Cortex-M4 with FPU and High-resolution timer (217ps) for e
| | BV ot
precise contro 1.8V regulator
POR/PDR/PVD
: : . . . Xtal oscillators
Rich analog peripheral set for power conversion applications 32 kHz + 4 to 32 MHz

including fast ADCs (5Msps), comparators, DACs and op-amp sttt -
® Cortex®-

MAIN APPLICATIONS Clock control 1x’C
| RTC/AWU 1x CAN 2.0B
= % / e 1x SysTick timer 2x USART + 1 UART
. @ G 2x watchdogs LIN, smartcard, IrDA,
Commercial, architectural - . . UPS & Data center g {independent and modem control
and street lighting Server/Telecom Welding Charging station ey Solar inverters 5 yv;%(;w)vo — IR transmitter
Flash size (bytes)/RAM size (bytes) e nda:cy Floating Point Unit
check (CRC)
SRRUNY <2 [l srwcersoico [l sccssadee Touch-saring
SRR ©7v32r33:ke Y STwaarasece Jgg STMeris 3 Memory Protection Unit aky
16K/ 16K STM32F334K4 W (MPU) 3x 12-bit DAC with
TM328 _ _ » Pin count ontrof JTAG/SW debug/ETM basic timers
32-pin QFN/LQFP 48-pin LQFP 64-pin LQFP 1x 16-bit (144 MHz) 2x 12-bitADC
49-pin CSP motor control PWM 21 channels / 5 MSPS

Synchronized AC timer Interconnect matrix 3x Comparators (25 ns)
‘— 1x 32-bit timers : 1x Programmable
BIRICHA R AHB bus matrix ; 5
, l Digital Power Supply and PFC Design Workshap with STM32 MCUs in DIGITAL 4x 16-bit timers Gain Amplifiers (PGA) 36

10 ch. HRTIM (217 ps) 7-channel DMA Temperature sensor

collaboration with the company partner Biricha (from Q4 2019)
life.augmented
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Power & Energy
center Summary

« This evaluation board focuses on Totem-Pole PFC converter, which increases the efficiency by
eliminating the diode bridge loss.

» Using SCRs operating at low frequency leg to allow inrush current limit control and also to help
remove bulky NTC/Relays.

« ST provides the latest technologies (SIC/STGAP/SCR/STM32) for high power and high efficiency
solutions on Totem-Pole PFC.

« This reference design offers:
« Digital power solution for totem-pole PFC converter
« Peak efficiency is about 97.7%

« ITHD distortion lower than 5% at maximum load
* Inrush-current limitation is based on a soft-start procedure of the SCRs controlled.

Kyy 3
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For additional information about ST trademarks, please refer to www.st.com/trademarks.
All other product or service names are the property of their respective owners.

© STMicroelectronics - All rights reserved.
ST logo is a trademark or a registered trademark of STMicroelectronics International NV or its affiliates in the EU and/or other countries. ’l
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