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AC/DC Power supply landscape

AC-DC power supply are extensively used in several verticals market segments

@
—T—

Industrial Automotive Medical Smart cities Computing & Clouds

AC-DC power supply are majority of the market Increasing Demand with constant growth

DC/DC
15%

19.5Bn$

(E2027)

CAGR ~5%
(2019 — 2027)

Source: Transparency Market Research 1
Source: HIS 2014 "
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PFC: Why?

Problem...
When the power factor (load dependent) is not equal to 1, the current waveform does not follow the voltage waveform.

This results not only in power losses but may also cause harmonics that travel down the neutral line and disrupt other
devices connected to the line. The closer the power factor is to 1, the closer the current harmonics will be to zero since
all the power is contained in the fundamental frequency.

SMPS without PFC: SMPS with PFC:

Top: Input Voltage Bottom: Input Current . Top: Input Voltage Bottomn: Input Current

/ / \ R Poor THD / \ / \ o Improved THD
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Harmonic Number

For the US, you need PFC > 75W
Source: PFC Handbook (HBD853/D)
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PFC Solution

Solution:

Shape the input current to match the input voltage waveform.

Implementation:

Insert a switched mode boost converter stage between rectifier and bulk storage cap

Top: Input Voltage Bettom: Input Current
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Source: PFC Handbook (HBD853/D)
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Top: Input Violtage Bottom: Input Current

NAVAVA

WAVAA

1) CHi: - 100V S'ms
2)CH2:  2A5ms
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PFC CrM Control Example (multiplier)

Remember the Goal:
Shape the input current to match the input voltage waveform. Critical Conduction Mode (CrM):

1) _The Reference Multiplier generates | Vies |

2) | Vs _|= scaled version of the rectified AC Input shape.
m Output 3) Power Switch ON:
| AT P 0 @) linductor r@MPps up untill Rshuntl= |Vref I
'm 4) Power Switch OFF:
Vi, = a) lipgustor ramps down until| Zero Current
b / " 3) |lavg | PEAK linguetor  divided by 2 (triangular wave form)
Iinductor
:' E Error
25V Amp Zern
0 Current Power $ Roc: Reshaped Input Current:
Switch
§ Ra-::i Conut erf
— out] - linductor
- 0y Current Out | pa— T~ LN
P sy Coe g O]
4 —» P X Network § Rpcz
AC Input |
— Voo (]
Rat:Z
% R5hunt W t
i o
= = OutGnd Switching Inductor Current from Zero to Peak

Source: PFC Handbook (HBD853/D) onsemi
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High Demand for Energy-efficient Solutions
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Typical PFC circuits: Conventional boost
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Efficiency: Bridgeless vs Bridge Elegance = Simplicity
Simplicity = Elegance

Golden Rule: Better Efficiency with fewer devices in the conduction path!!!

PFC: Bridgeless Totem Pole PFC: Bridge Diode

Conduction Path: 2 devices Conduction Path: 3 devices

L 0 _ Bridge diode losses account for ~ 4 W @ low .
J line & is 18% of the total losses in a 240 W PS. .
LY - — Iﬂ"’“‘“ SRHJ = N IﬂVMH

Positive Half Cycle:
Negative Half Cycle:

‘ o g ]
J L NCP4306
= . © NCP1358n H
P e
Q=1 : ©
SRH__| 1 —"'mmn 3
; | .

\ L&
1 D 2] (2) \ D T EL vz [ Elj

| & .
L@ Vol

__________

02&

PFC Efficiency @ 240 W is ~ 97%7 LLC efficiency @ 240 W is ~ 97%
(excluding bridge diodes) (Assuming SR FETS)

Positive Half Cycle: Negative Half Cycle:

mV
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NCP1680

Bridgeless Totem Pole CrM PFC Controller
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Power Factor Correction — Topology overview

Topology Interleaved Boost Semi-Bridgeless Boost Interleaved CrM Totem Pole Bridgeless Totem Pole

Modes

Transistors

Fsw

Peak eff.
Cost

Advantages

constrains

Lei B, DG Lk
[T - Mare

TIF S 1o1 Dez

vin . -

o Cos
02 & F k] O O

CCM or CrM

Si SJFET

<100kHz

~97%

100%

» Very straightforward

Well-known technology
Many control options

Low efficiency
Lower power density

o 1
m; o, Sira

o

Tpewne 1. Saue-brideclcss bost convata

CCM or CrM

Si SJFET

<100kHz

~98%
160%

Simple bridgeless PFC
Good efficiency above 98%

High BOM cost

V/I sensing more complicated
High CM noise

Two large inductors

CrM

Si SJFET

~250kHz

~98.5%
130%

ZCS mode with soft-switching
Higher efficiency than boost
Interleaved ripple cancellation

High peak current crossing
FETs

<1.5kW output power
Large EMI filter

CrM or CCM

" Si SUFET, GaN or SiC for CrM
Only GaN or SiC for CCM

" CrM: up to 500kHz (1MHz )
possible)

o V
>98.8%
110%

"« Highest efficiency )

» Zero Qrr for GaN
* Highest power density

C Low component count

* THD improvements with Zero
current detect and new
algorithm

* Critical PCB layout

» Current sensing critical
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BTPPFC Applications

Data Center: rack
mounted power

supply...

high power LED street
light

To match all the applications where Industrial: power

efficiency and compactness are critical supply, PSU, UPS...
parameters

5G telecom power external adapter power
supply supply...

mV
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NCP1680 Bridgeless Totem Pole CrM PFC Controller

Value Proposition

The NCP1680 is a CrM Totem Pole PFC Controller capable constant on time CrM and valley synchronized frequency foldback for optimized
efficiency across the entire load range. With proprietary current sensing architectures and proven control algorithms the NCP1680 allows for a cost-
effective solution without jeopardizing performance.

Unique Features Device Pin-Out
= Constant on-time CrM architecture . Optimized performance across NCP1680 Critical Conduction Mode (CrM):

w. valley switching during foldback power levels Veet
= Novel Current Sense scheme . Cyc|e_by_cyc|e current limit FAULT o= O =3 LVSNS2 I linguctsr
= Line polarity detection w/o hall effect sensor -

LVSNST1
= Novel valley sense scheme - Removes external components; e - ‘
= Control loop Internally compensated FB =3 1 AUX =
P — v
SKIP e e VCC N
Other Features GND o= = PWMH lnguctor @WaYS goes to zero
. . . . , ZCD = = PWML
= Two low voltage pins for sensing and recreating half-wave sinusoid. FCCrM: Frequency Clamped CrM, a
- DCM with valley synchronized turn-on for improved light load efficiency SRH = FOPGND  derivative of CrM, where the frequency is
= Zero Current Detection for CrM Operation SRL 1 —r POLARITY limited to reduce switching losses during
= Integrated Digital voltage loop control light loads (DCM)... or Frequency
Foldback.

Market & Applications Ordering & Package information

= Up to 350W SOIC6

. Telecor_n 5G/ Networkl_ng Power Supplies Multiple Patents

= Industrial Power Supplies i

= Computing Power Supplies Issued/Pendlng

= Gaming Console Power Supplies
= UHD TV Power Supplies

© onsemi 2022 Onseml
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Totem Pole market scenario. onsemi advantages

Complex MCU based solution, customers need to write
software code and costly current sensing method to
iImplement the topology

industry first mixed signal controller (state machine
core) dedicated to totem pole PEC topology.

Public Information © onsemi 2022
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Choose Your Path Wisely

Rest of
the
Market

rrrrrrrrrrrrrrrrrrrrrrr

I
_X_

Hall Effect

Public Information © onsemi 2022
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300 W NCP1680 CrM board Data
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Evaluation Board Data

300 W NCP1680 CrM board utilizing 50 mQ GaN HEMTs

onsemi



NCP1680 Evaluation Board

WARMING = HIGH YOLTAGES PRESEN

NCP1680 TOTEMPOLE PFC MOTHERBOARD - 300
REV, 0.2
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_ Description | Value | Units |

Input Voltage Range 90 - 265 VAC
Line Frequency Range 47 - 63 Hz
Output Voltage 395 V
Output Power 300
Bulk Capacitors 200 uF
Fast Leg Switch NCP51820+GS66508B
Slow Leg Switch FCPFO67NG5
ZCD Resistor 125 mQ
CAP CER, NPO, 22, 50V pF
Inductor, Differential,,
5.4A 42mOhm 150 uH
PFC Inductor, AUX, uH, 3 A,
Np:Naux = 10:1 150 puH
Common Mode Choke, 2x, 2x
80mOhm, 3.5A 2x35 mH
Common Mode Choke, 2x
20mOhm, 7A 2x7 mH

Public Information © onsemi 2022
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Efficiency
| Efficiency vs Output Power
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THD

THD ws Qutput Power

——90Yy —e—115V —a—230V ——265V
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Power Factor

Power Factor vs Qutput Power
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onNnsemi
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Thermal scan

Boost Inductor Slow leg Si

» Thermal scans showing the temperature of the 50 mQ GaN HEMTs, boost inductor, and slow leg Si devices
captured 90 Vac, 300 W, room temp ambient.

25 Public Information © onsemi 2022 Onsel I “
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