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@ Introduction

GOALS:

* cost saving;

* improved efficiency;

* same general properties of the original board.

OPTIMIZATION AND ADAPTION:

* replacement of the original inductive components with Itacoil LLC
resonant transformer, PFC inductor, common mode and differential
noise mains filters;

e in order to avoid the necessity of air cooling to run up to 240W and
guarantee a better comparison, minor changes were applied to the
board before every test so to have identical test conditions.
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@ Design simulations (1/4)

 Powerful proprietary software tools developed by
Itacoil, with Spice class simulations and optimization
algorithms;

e examples of simulation reports at rated load for Itacoil
components:
- PFC inductor;
- LLC integrated resonant transformer;
in the following slides.



PFC - Transition Mode

INPUT DATA
vline min 98,8 vrms N
vline max 264,8 Vrms [
Main frequency 58,8 Hz
vout 498,8 V 8
Pout continuous 275,8 W
Pout peak 398,08 W 7
Inductance 138,8 uH
Input cap. 8,478 uF = N
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Expected Efficency @,95 é
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Functional Parameters
@vlineMin, Pout continuous
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Transformer code:  Tank:

Name Vout (V) VF (V) Iout (A) Pout (W)
Aux(>CT) 17,98 8,78 8,838 @,539
SecCTP 12,38 8,15 28,800 245,000
Pmin: @,3 W

Pmin ZV5: @,3 W
Pout tot: 246,5 W
Pout tot pk: 308,80 W

Cr: 33,8nF +5%
Cshb: &7@ pF

Dead time: ADAPTIVE NXP TEA2@16
RdsOn: @,92@ 0

Gate rise: 120 ns

Gate fall: 120 ns

Vnom: 482,08 V
Fnom: 186,2 KHz

Vmin
Vmin
Vmax

Vigre:

Fmin:

(temp): 375,8 V
(cont): 360,08 V
: 490,8 V
391,8 V
85,1 KHz

F@: 103,3 KHz
Icr rms: 1,643 A
Ver pk: 185,5 V
Ver pp: 211,2 V

WORST CASE FREQUENCIES
Min freq (@min): 77,8 KHz
Max freq (@max): 136,1 KHz (1)

Burst mode enabled: YES
%0N nom. cond.: l@e%
Full ZVS Compliant: YES

Designsimulations (3/4)
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Cr current and voltages Primary currents and voltages

Sec. 12,3V 20A (H) current and voltage Sec. 12,3V 20A (L) current and voltage
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» Steady-state tests at thermal regime performed on original board vs. Itacoil version at various
output power levels;
» extrats from the tests reports showing the record at nominal power in the following images:
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Original - 230Vac
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Original - 115Vac
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Itacoil - 115Vac
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Test Report No 201005-020450-F
Measurement of Standby Power to IEC 62301 Ed. 2.0

Test Report No 201005-032529-F
Measurement of Standby Power to IEC 62301 Ed. 2.0

Name:

Address:

Unit Under Test

Manufacturer:
Description:

LLC+PFC

Model:

Serial Number:
Rated Voltage:
Rated Frequency:
Documentation ref:
Configuration:

Test Conditions

Time of Test:

Test Voltage
Test Frequency:
Voltage Distortion:

Voltage Crest Factor:

Temperature:
Humidity:

NXP

Date of issue:

NXP Manufacturer:
Demo board 12V 240W TEA2016 Description:
Model:
TEA2016DB1519 Serial Number:
161 Firmware Version:
85-265Vac/12Vdc Test Software:
50-60Hz
UM11234

2020-Oct-05 02:04:50 PM

115V +1% Power Limit:
50Hz +1% Power Stability:
< 2% THC Uncertainty*:
1.34 < Vcf < 1.49 Test Period:
23°C +3°C Test Method:
< 75% Test Status:

Name:
Address:

Average Power:

ITACOIL

via delle Gerole, 7
Caponago (MB)
Italy 1-20867
2020-Oct-05

Tektronix

Power Analyzer
PA4000

B020175
Ver.2.004.008
PWRVIEW ver. 3.1.0.14

51.943 mW

500.00 mW

-525.20 uW/h

9.4096 mW

00:15:00

Sampling (IEC 62301 Ed. 2.0)
PASS

Name: NXP Name: ITACOIL
Address Address: via delle Gerole, 7
Caponago (MB)
Italy 1-20867
Date of issue:  2020-Oct-05

Unit Under Test Reference Instrument

Manufacturer.  NXP Manufacturer: Tektronix
Description: Demo board 12V 240W TEA2016 Description:  Power Analyzer
LLC+PFC Model:  PA4000
Model: TEA2016DB1519 Serial Number:  B020175
Serial Number: 161 Firmware Version:  Ver.2.004.008
Rated Voltage: 85-265Vac/12Vdc Test Software:  PWRVIEW ver. 3.1.0.14
Rated Frequency. 50-60Hz

Documentation ref: UM11234

Configuration:

Time of Test:  2020-Oct-05 03:25:29 PM Average Power: 48.775 mW
Test Voltage: 115V £1% Power Limit:  500.00 mW
Test Frequency: 50Hz +1% Power Stability:  4.7334 mW/h
Voltage Distortion: < 2% THC Uncertainty*:  9.3862 mW
Voltage Crest Factor: 1.34 < Vcf < 1.49 Test Period: 00:15:21
Temperature:  23°C +3°C Test Method:  Sampling (IEC 62301 Ed. 2.0)
Humidity: < 75% Test Status: PASS

Power measurements were carried out in accordance with the requirements of IEC 62301 Ed. 2
“Measurement of standby power” and EN 50564:2011 “Electrical and electronic household and office
equipment - Measurement of low power consumption” in the laboratory environment, using equipment
traceable to national or international standards. All testing was performed under computer control.

* Uncertainty quoted is an avearge of power measurement uncertainties from the last 2/3 of the test which are due only to the accuracy of the reference instrument used.
If Uncertainty is marked as FAIL it means that at least one power measurement uncertainty in the last 2/3 of the test exceeded the limit prescribed in the standard.

Test Notes Test Officer

Full Name:

Signature:

Power measurements were carried out in accordance with the requirements of IEC 62301 Ed. 2
“Measurement of standby power” and EN 50564:2011 “Electrical and electronic household and office
equipment - Measurement of low power consumption” in the laboratory environment, using equipment
traceable to national or international standards. All testing was performed under computer control.

* Uncertainty quoted is an avearge of power measurement uncertainties from the last 2/3 of the test which are due only to the accuracy of the reference instrument used.
If Uncertainty is marked as FAIL it means that at least one power measurement uncertainty in the last 2/3 of the test exceeded the limit prescribed in the standard.

Full Name:

Signature:

Test Notes Test Officer

Report No 201005-020450-F

Page 1 of 3

Report No 201005-032529-F

Page 1 of 3
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Original - 230Vac Itacoil - 230Vac
Test Report No 201005-022532-F Test Report No 201005-030815-F
Measurement of Standby Power to IEC 62301 Ed. 2.0 Measurement of Standby Power to I[EC 62301 Ed. 2.0
Name: NXP Name: ITACOIL Name: NXP Name: ITACOIL
Address: Address: via delle Gerole, 7 Address: Address: via delle Gerole, 7
Caponago (MB) Caponago (MB)
Italy 1-20867 Italy 1-20867
Date of issue:  2020-Oct-05 Date of issue:  2020-Oct-05
Unit Under Test Unit Under Test
Manufacturer:  NXP Manufacturer: Tektronix Manufacturer:  NXP Manufacturer:  Tektronix
Description:  Demo bhoard 12V 240W TEA2016 Description:  Power Analyzer Description:  Demo board 12V 240W TEA2016 Description:  Power Analyzer
LLC+PFC Model:  PA4000 LLC+PFC Model:  PA4000
Model: TEA2016DB1519 Serial Number:  B020175 Model:  TEA2016DB1519 Serial Number:  B020175
Serial Number: 161 Firmware Version:  Ver.2.004.008 Serial Number: 161 Firmware Version:  Ver.2.004.008
Rated Voltage: 85-265Vac/12Vdc Test Software:  PWRVIEW ver. 3.1.0.14 Rated Voltage: 85-265Vac/12Vdc Test Software:  PWRVIEW ver. 3.1.0.14
Rated Frequency: 50-60Hz Rated Frequency: 50-60Hz
Documentation ref:  UM11234 Documentation ref:  UM11234

Configuration:

Test Conditions

Time of Test:  2020-Oct-05 02:25:32 PM Average Power: 70.268 mW
Test Voltage: 230V +1% Power Limit:  500.00 mW
Test Frequency: 50Hz +1% Power Stability:  6.5588 mW/h
Voltage Distortion: < 2% THC Uncertainty*: 25.840 mW
Voltage Crest Factor: 1.34 < Vcf < 1.49 Test Period:  00:20:27
Temperature:  23°C +3°C Test Method:  Sampling (IEC 62301 Ed. 2.0)
Humidity: < 75% Test Status: _PASS

Power measurements were carried out in accordance with the requirements of IEC 62301 Ed. 2
“Measurement of standby power” and EN 50564:2011 “Electrical and electronic household and office
equipment - Measurement of low power consumption” in the laboratory environment, using equipment
traceable to national or international standards. All testing was performed under computer control.

* Uncertainty quoted is an avearge of power measurement uncertainties from the last 2/3 of the test which are due only to the accuracy of the reference instrument used.
If Uncertainty is marked as FAIL it means that at least one power measurement uncertainty in the last 2/3 of the test exceeded the limit prescribed in the standard.

Test Notes Test Officer
Full Name:
Signature:

Configuration

Test Conditions

Time of Test:  2020-Oct-05 03:08:15 PM Average Power: 60.391 mW
Test Voltage: 230V +1% Power Limit:  500.00 mW
Test Frequency: 50Hz £1% Power Stability:  4.8163 mW/h
Voltage Distortion: < 2% THC Uncertainty*:  40.633 mW
Voltage Crest Factor: 1.34 < Vcf < 1.49 Test Period:  00:15:03
Temperature: 23°C +3°C Test Method:  Sampling (IEC 62301 Ed. 2.0)
Humidity: < 75% Test Status: PASS

Power measurements were carried out in accordance with the requirements of [EC 62307 Ed. 2
“"Measurement of standby power” and EN 50564:2011 “Electrical and electronic household and office
equipment - Measurement of low power consumption” in the laboratory environment, using equipment
traceable to national or international standards. All testing was performed under computer control.

* Uncertainty quoted is an avearge of power measurement uncertainties from the last 2/3 of the test which are due only to the accuracy of the reference instrument used.
If Uncertainty is marked as FAIL it means that at least one power measurement uncertainty in the last 2/3 of the test exceeded the limit prescribed in the standard.

Test Notes Test Officer
Full Name:
Signature:

Report No 201005-022532-F Page 1 of 3

Report No 201005-030815-F Page 1 of 3



depy (dBuv/m, dBua)

ECOIIWED EMERREN'S5022 conducted noise (1/4)

115V Neutral - Comparison
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depy (dBuv/m, dBua)

ECOIIWED EMERREN'S5022 conducted noise (2/4)

115V Phase - Comparison

AVG Original QPeak Original
Itacoil Itacoil

10,000 MHz 30,000 MHz
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depy (dBuv/m, dBua)
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230V Neutral - Comparison

AVG Original QPeak Original
Itacoil Itacoil
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230V Phase - Comparison
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e R E €6 1000 3-2 harmonics (1/2)

nge , : T I":’) Harmoni l
- COI IW@D Harmonics pre-compliance test report - COI Web armonics pre-compliance test report

Customer: Equipment setup: Device  PA4000 Customer: Equipment setup: Device  PA4000
Standard ref: IEC61000-3-2:2014 Ed 4 — Class A Serial No. 5N B020175 Standard ref: IEC61000-3-2:2014 Ed.4 — Class A Serial No. 5/N B020175
Description: PFC+LLC power supply F/W Ver. Ver.2.004.008 Description: PFC+LLC power supply FfW Ver. Ver.2.004.008
Model: TEA2016DB1519v2 demo board Test duration: 10 min. Model: TEA2016DBE1519v2 demo board Test duration: 10 min.
Serial #: 161 Temperature: 23#3°C Serial # 161 Temperature: 23£3°C
Documentationref.:  UM11234 Humidity: <75% Documentation ref.:  UM11234 Humidity: <75%
Rated input voltage:  S0-264V 50/60Hz Mains voltage: 114 8Vrms Rated input voltage:  90-264V 50/60Hz Mains voltage: 114 BVrms
Rated cutput veltage: 12Vdc Mains frequency: 50Hz Rated output voltage: 12Vdc Mains frequency:  50Hz
Rated power: 240w Load: 244W Rated power: 240W Load: 244 3W
Overall result: PAS‘S‘ Overall result: PASS
Test results Test results
Target  Limits Min Max  Average Pass/Fail Target  Limits Min Max  Average Pass/Fail
Input voltage Vrms 115 200% 11476 11476 11476  PASS Input voltage Vrms 115 200% 114,77 11478 11478  PASS
Input current Arms 23 200% 2371 2,374 2,373  PASS Input current Arms 23 2,00% 2353 2,358 2,354  PASS
Input current fundamental Arms 2,350 2,355 2,353 - Input current fundamental Arms 2,296 2,363 2,328 -
Input power w 269,75 269,393 269,84 - Input power w J66,89 26744 26704 -
Qutput voltage Vdc 12,206 12,215 12,210 - Output voltage vdc 12,223 12,230 12,226 -
Output power w 24395 24410 244,02 - Output power W 24428 244,44 24435 -
Power factor a9 >0,9 05910 05912 09911 PASS Power factor 0,9 >0,9 05882 10,9883 10,9883 PASS
Frequency Hz 50 050% 4999% 50,001 50,000 PASS Frequency Hz 50 0,50% 49999 50,001 50,000 PASS
Input voltage crest factor 1,41 0,01 1,421 1,422 1,421 PASS Input voltage crest factor 141 #0,01 1,446 1,448 1,847 PASS
Input current THD % 12,43 12,62 12,54 - Input current THD Y 12,31 12,76 12,62 -
current (A) current (A)
0,30 0,30
0,25 0,25
Max Max
¥ Average W Average
0,20 0,20
0,15 0,13
0,10 0,10
0,05 | 0,05 |
o007 -?-5*“5!9':‘!55:*'.555:’2'é:'irf:‘ﬁé;’:’z's?ﬁ:‘:ﬁim':ﬁm'ﬁﬁé 000’ ~?m5M5!9';!*3555Ez'E@!é:‘iﬁfﬁén’iz’éﬁiﬁiﬁﬁﬁﬁﬁé




o 000 3 2 harmonics (2/2)

ng@e H . i nEpgE H . li
- COI IW@D armonics pre-compliance test report = COI Iweb armonics pre-compliance test report

Customer: Equipment setup: Device PA4000 Customer: Equipment setup: Device PA4000
Standard ref: IEC61000-3-2:2014 Ed.4 —Class A Serial No_ 5/N B020175 Standard ref: IEC61000-3-2:2014 Ed4 —Class A Serial No. 5/N B020175
Description: PFC+LLC power supply F/W Ver. Ver.2.004.008 Description: PFC+LLC power supply F/W Ver. Ver.2.004.008
Madel: TEA2016DBE1519v2 demo board Test duration: 10 min. Model: TEA2016DB1519v2 demo board Test duration: 10 min.
Serial #: 161 Temperature: 23£3°C Serial #: 161 Temperature: 23+3°C
Documentation ref..  UM11234 Humidity: <75% Documentation ref.:  UM11234 Humidity: <75%
Rated input voltage:  90-264V 50/60Hz Mains voltage: 229 9Vrms Rated input voltage:  90-264V 50/60Hz Mains voltage: 230Vrms
Rated cutput voltage: 12Vdc Mains frequency: 50Hz Rated cutput voltage: 13Vdc Mains frequency: 50Hz
Rated power: 240w Load: 244W Rated power: 240W Load: 244 AW
Overall result: PASS Overall result: PASS
Test results Test results
Target  Limits Min Max  Average Pass/Fail Target  Limits Min Max  Awerage Pass/Fail
Input voltage Vrms 230 2,00% 22994 239585 22995 PASS Input voltage Vrms 230 2,00% 22995 22996 22995 PASS
Input current Arms 1,14 2,00% 1,220 1,221 1,220 PASS Input current Arms 1,14 2,00% 1,208 1,210 1,209 PASS
Input current fundamental Arms 1,159 1,165 1,162 - Input current fundamental Arms 1,141 1,158 1,150 -
Input power W 26487 26497 264,92 - Input power w 262,02 262,79 262,29 -
Output voltage Vdc 12,207 12,216 12,211 - Output voltage Vdc 12,223 12,229 12,226 -
Output power W 24393 24411 244,02 - QOutput power w 24428 24444 24436 -
Power factor 0.9 >0,9 0,5439 09442 09441 PASS Power factor 0,9 >0,9 0,5434 09441 059436 PASS
Frequency Hz 50 0,50% 49,993 50,001 50,000 PASS Frequency Hz 50 0,50% 49935 50,001 50,000 PASS
Input voltage crest factor 141 0,01 1412 1414 1413 PASS Input voltage crest factor 141 0,01 1,413 1415 1,414 PASS
Input current THD % 30,15 30,39 30,29 - Input current THD % 29,95 30,42 30,21 -
current (A) current (A)
0,40 0,40
0,35 0,33
Max Max
W Average W Average
0,30 0,30
0,25 0,25
0,20 0,20
0,15 0,15
0,10 0,10
0,05 0,05
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The mains filter has not been entirely revised since it is not in the scope of this optimization, so THD
of the Itacoil version is no different than that of the original board.

Also Power Factor has not changed.

PFand THD
1 100%
115V
0,95 / . 90%
0,9 PF 80%
0,85 70%
230V
0,8 60%
a
0,75 50% T
0,7 230V 40%
0,65 T 30%
THD
0,6 20%
0,55 10%
0,5 0%
0 50 100 150 200 250

Output power W



Waweforms crld fzllow LLC transforrmer prim, current
Crl2 Ligin nlue Output voliage
CH3 Purple Mains voltage
CrH4 Graen DC link voltage

]

Sorgente di
trigger A

Amp. banda

Ch1 Amp. banda

intera

20 MHz

P2.00ms A

PAT Oms A Ch? 36. e
R : : : 1di3 o1

b 23.60 21.40
Modalita
Normale
& Holdoff

Ampiezze 5Scalafine
banda 2.00V
20 MHz Zdiv

Impost.
sonhda
10 X

Posiziohe Offset
—2.98 div = 0.000 ¥V

sorgente = Accopp. Inclinaz. Livello
Reiez. AF ra 36.0V

' Accopp. Inversione
Tipo C.C. Disatt.

Fronte

1 Performed only on Itacoil components; no significant differences expected on original components.
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Waweforms crld fzllow LLC transforrmer prim, current
Crl2 Ligin nlue Output voliage
CH3 Purple Mains voltage
CrH4 Graen DC link voltage

]

P40.0ms A Ch1 1.00 A P2.00ms A

i 20.20 %

i 0.200 %

1 Performed only on Itacoil components; no significant differences expected on original components.



> Dymamic behavior (3

Waweforms Crl2 Ligth blue Output voltage
CH3 Purple Mains voltage
CH4 Graezn DC link voltage

Mains loss?
115V/50Hz, 240W load

x

230V/50Hz, 240W load

Inclinazione
trigger A

P20.0ms A

w45.80

Todalita P20.0ms A
i sorgente = Accopp. Inclinaz. Livello MOFIElhta

e Reiez. AF &Y 260 V Mormale

Fronte ez, o s

1 Performed only on Itacoil components; no significant differences expected on original components.
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Waweforms Crll Yzllow Output current 0-20Adc and vica-varsa (not to scale)
Crl2 Ligih blue Output voliage
Crl4 Grezn

DC link voltage

Loadstep!

115V/50Hz, 0-240W steps 230V/50Hz, 0-240W steps

[T . N f
ah 'g'h",‘\.ﬂ_i"\.n ALLLY ".'"ir' Vi

320mVv '

JF 320mv
3 0ct 2020 3 0ct 2020
05:54:06 05:56:17

1 Performed only on Itacoil components; no significant differences expected on original components.



]| S FMO-BOARD OPTIMIZATION
AND PRE-COMPLIANCE REPORT

Request the test report extended version

Demo Board documents: NXP TEA2016DB1519v2

Other Demo Board reports: https://www.itacoilweb.com/portfolio_category/demo-boards/

LLC resonant transformers: https://www.itacoilweb.com/portfolio_category/llc-integrated-resonant-transformers/

PFC inductors: https://www.itacoilweb.com/portfolio category/active-pfc-inductors

Common Mode inductors: https://www.itacoilweb.com/portfolio category/common-mode-inductors/

Itacoil services: https://www.itacoilweb.com/services/

Contact us at contatto@itacoilmail.it

Notes

This information remains the sole property of Itacoil. Itacoil has used reasonable efforts to ensure its accuracy but it does not guarantee that it is error-free, completely accurate or up-to-date.

No oral or written information of advice given by Itacoil or its distributors, agents or employees will operate to create any warranty or vary any provision or information herein. Itacoil reserves the
right to change any portion of these data at any time without notice.

All rights reserved. Any reproduction without written authorization is forbidden.

The Itacoil components are samples for lab test purposes only, not available as production samples. A tailored design is provided on request.

ITACOIL s.rl. * via delle Gerole, 7 # 1-20867 CAPONAGO (MB) 1° Italian Manufacturer of PCB transformers with 1SO Certified QS
Tel. +39 02 95745131 * Fax +39 02 95745133 Quality System UNI EN 1SO 9001 Certified
e-mail contatto@itacoilmail.it * www.itacoilweb.com CEl Member
Cap. soc. Euro 81600 iv. * p.IVA, cod.fisc., N° reg.imprMI 03071100964 Powered by zero impact® renewable energy
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https://www.nxp.com/products/power-management/ac-dc-solutions/ac-dc-controllers-with-integrated-pfc/pfc-plus-llc-resonant-power-supply-development-kit:RDK01DB1562
https://www.itacoilweb.com/portfolio_category/demo-boards/
https://www.itacoilweb.com/portfolio_category/llc-integrated-resonant-transformers/
https://www.itacoilweb.com/portfolio_category/active-pfc-inductors/
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