NXS

Power Supply
efficiency improvements

at low load conditions

Jack Peeters
January 2024



Why

do we need or want this?
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WHY A HIGH EFFICIENCY?

Rules

Competition

Smaller

Less energy waste

Cheaper

Table 2

power demand limits other than on-mode, in Watts

Networked standby

Off mode Standby mode
mode
Maximum limits 0,30 0,50 2,00
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WHY A HIGH EFFICIENCY (@ LOW LOAD?

Table 2
power demand limits other than on-mode, in Watts
Ru I e S Off mode Standby mode Netwm;’liert'id:landby
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Less energy waste

TV Smart TV
ON ON
p| Local dimming
Standby Smart Gallery / Art
equipment "
with several Ambilight
operation Radio only
conditions Recording
at low(er) .
load Updating
Voice controlled xp
Standby
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ErP Lot-5 requirements

Example requirement

Table 2
power demand limits other than on-mode, in Watts
Off mode Standby mode Networked standby
mode
Maximum limits 0,30 0,50 2,00
Allowances for additional functions when present and enabled
Status display 0,0 0,20 0,20
Deactivation using room presence detection 0,0 0,50 0,50
Touch functionality, if usable for activation 0,0 1,00 1,00
HiNA function 0,0 0,0 4,00
Total maximum power demand with all additional functions when 0,30 2,20 7,70
present and enabled
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HOW
do we achieve this ?



innovation by NXP

GreenChip

D TEA2017DB1580
Multi mode PFC + LLC 240W 12V x 20A

combi controller

DCM PFC + LLC

combi controller TEA2016DB1519

240W 12V x 20A
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IMPROVING EFFICIENCY

Improving efficiency for high loads

exchange
—>

- Active Bridge Rectification

supply for——

- Synchronous Rectification SRcontroller

SRcontroller SR-MOSFET

Improving efficiency for low loads
- Burst mode operation

Continuous switching mode

iji] U L

Burst mode switching
(and increase the energy per cycle)

9 | NXP | Public



LOSSES RESONANT CONVERTER (LLC)

Losses T

No load operation:
2W normal mode
->70mW in BM

/

A 4

-

Worse efficiency

_—

Power

Conduction losses

Switching losses
Magnetic losses

Burst Mode : No switching/magnetic losses when not switching
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EFFICIENCY RESONANT CONVERTER (LLC)

NXP Leadership in LLC resonant power conversion

through highest and flat efficiency

4 NXP patented Vcap Control ‘GreenChip ’
95% — G )
Q0% lé ﬂ

70%
Resonant efficiency with
traditional frequency control

» LLC only
20% 40% 60% 80% 100%
Pout (%)
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EFFICIENCY COMPLETE PFC+LLC POWER SUPPLY

Example:
TEA2376DB1603 240W (12V, 20A) demo board

including active bridge rectifier (mains) and synchronous rectifier (ou

Efficiency [%] EfﬁCienCV Efficiency [%] Efﬁciency
100 95
93
90
85 _— —
91
80 90
75 : 89
—\/mains = 230Vac
88
70 =—\/mains = 115Vac ——\/mains = 230Vac
87
65 =—\/mains = 115Vac
86
60 85
0 1 2 3 4 5 6 T 8 9 10 0 20 40 60 80 100 120 140 160 180 200 220 240
Pout [W] Pout [W]
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are there side effects ?



UNWANTED SIDE EFFECTS OF BURST MODE OPERATION

e =w

aaa-023121

Audible noise

50

Noise 40
level
(dBA) 3p

u Harmonics of the 1 kHz burst frequency produce most noise
0 . at the audio noise resonance frequency of the transformer.
0 For this transformer, the resonance is around 11 kHz.

0 5000 10000 15000 20000
f(Hz)

~ AN

Reduce audible noise by soft start and soft stop:

>

Converter current pulses
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UNWANTED SIDE EFFECTS OF BURST MODE OPERATION

BM repetition frequency sef for 200Hz BM repetition frequency set for 400Hz
P iiom EEmrEm e o H o Vi

L

Output voltage ripple

Vout(ripple) |:> VOUT,A C
switching states  BM hold X' LP operation X BM hold X LP operation X BM hold
IsnsFB
IsnsFB = 100 LA ~
1 burst = BM hold = current level according I OUT,DC / RN T :
le—n LP-cycles —»<— extra long LP wait —»{ presetting ECmin b b
|out(pulses) - HB
ol tp e bl -} LE: P-PCH 304 50 AvaFrealC1) 212.9213 He AvefrealCl) 413.9584 He
Thurst Maximum output voltage ripple at 50% duty cycle BM

VHE 11 N
BM BM LP HP HP LP BM BM BM LP HP HP LP BM
fr ‘ ‘ fr ‘ ‘ ‘

louT,pulses ; ; .
Q I—lgj(hest output voltage ripple|in burnst mode
| 100 pA
SNSFB =5 A —
loyT = nominal
lout
louT=0A 3 ¥
Lodasweep

time over seconds
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SPECIAL FUNCTIONS IN THE TEA2016 TO SUPPORT OPTIMIZING PERFORMANCE IN
LOW LOAD CONDITIONS.

BY INTERNAL IC (MTP) SETTINGS.

B Ringo - TEA2016 Development.

File 10 View Help

12016

o
Operafion | Protection | Power Good ========

| Low Power Mode Feedback

0
M

555

P

HP-LP Transtion level 207 Opto coupler curentlevel  B0uA

LP-BM Transtion level Burst Mode:

LP rumberof peaks BM Frequency  800Hz
dVeap offset BM Energy per Cycle Increase T
Zero Power Slope. BNLLP Hysteresis

Vdump level Minimum cycles in burst

HPLP Hysteresis  20% Burston end by opto curent
Statep LP-BM delay tme.
LLC sofitatt speed 7 BN LP hysteresis iter

Masimum (starup) frequency  350kHz Number of BM softstat cycles:

LLC softsart curert It 0.75V Number of BM softstop cycles:

Cyces 1 2
St 180 v

‘SNSBOOST compensation 14

Sop B v

¥ FT232H (SN: FTIWRKJK). UM232H
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FUNCTIONS THAT ARE DEMONSTRATED

PFC+LLC burst mode operation

PFC soft start and soft stop

Maximum PFC switching frequency

LLC burst mode transition power level (and energy per cycle)

Low power mode number of peak (duty cycle and energy per cycle)
LLC soft start and soft stop

Sl

But there more options in the settings and in circuit design (converter components).
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Video: recorded demo on the lab table
(8 minutes)
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