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= |ntroduction

Off-Line Power Supplies: What Customers want

Depending on
application

[ Miniaturization }
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* |Introduction

- Analog Control: A
Configuration by
external Components,

. Design Parameters )

4 Digital Control: N
Configuration by Interface
UART, AD/DA, external

\_ Components )

4 Programmable Digital N
Control:
Configuration by Programm

_and Interface UART, AD/DA

Fixed Design
Large Volume
Lowest Expense
Basic Functions
PCB for one
version

High Flexibility
Special Functions
Monitoring
Advanced Control
PCB for different
versions
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Minaturized Power Supplies — State of the Art
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* Miniaturied Power Supplies — State of the Art

Cheapest solution, but not the smallest

0 XN A
Flyback V-? - D f* p;% Esec Ci=—= Ré
Converter: "2 =T 1 Vou
. . A Sy :gnig
e High efficiency /7 © *—.E Vs

by resonant or
regenerative

snubber
e Galvanic
isolation

e Small number
of components
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* Miniaturied Power Supplies — State of the Art

Example: 18 W Off-line Supply - Analog Control at Lowest Expense

FEATURES

Dramatically Simplifies CW/CC Converters

-

-

Eliminates optocoupler and all secondary CVWICC control cirouitry
Eliminates all control loop compensation circuitry

Advanced Performance Features

-

LI I ]

L]

Dynamic base drive technology provides flesdbility in choice of BIT
transistor by dynamically optimizing BIT switching characteristics
+ Extends RESOA of BIT

+ Dramatically reduces sensitivity to BIT gain

Compensates for input line voltage variations

Compensates for cable volage drop

Compensates for external component temperature variations
Very accurate IC parameter tolerances wsing proprietary trimming
technology

Frequency up to 65 kHz to reduce transformer size

+ The minimum peak current is fixed to improve transient load response

Enhanced Performance Features

-

-

-

Easy start for starting into capacitive loads (LNK4£114D, LNE4115D])
Constant power for high current start-up (LNK42140, LNK42150)
13003 drive improved efficiency with 13003 BIT's (LNK43025,
LMK43225)

Advanced Protection/Safety Features

-

-

-

Source: Link Switch-4 Family, Power Integrations

Single fault output overvoltage and short-circuit
Owver-temperature protectdon
Active clamp

___
Z
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* Miniaturied Power Supplies — State of the Art

Low-Q Topology: allows for extreme size reduction

reducing losses in switches and passives

0 LoadedfactorQ=Ri\/% —>0meansL—>0,C— w
L

= Resonant Switching with ZVS and ZCS at resonance

frequency fros =

AV

ZCS

ZN'S

1
27T\ L C
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* Miniaturied Power Supplies — State of the Art

Isolation by Magnetic Passive Technology: 114 W/cm3

" |ntegrated magnetic Transformer: Isolation by Material,
Pout = 1200 Watt, V = 10,5 cm?3

= Multilevel-Converter -> reduced blocking voltage of
Mosfets: 100 V | i

= low Q -> unregulated Vout = L F

=" High frequency (10 MHz)

= = Miniaturization

Source: VICOR BCM® Bus Converter
. BCM380y475x1K2A30
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* Miniaturied Power Supplies — State of the Art

Today’s highest density for off-line power supply: 114 W/cm?3

Pout = 1200 Watt: V=10,5cm3, n =98%, P, =24 W
(output unregulated, without heat sink/cooling)

State of the Art: RECOM RAC-10-SB: 0,303 W/cm?3
Pout =10 Watt: V=33,0cm?, n = 75%, P, = 3,3 W
(output voltage regulated, no cooling)

Perspective: Pout = 12 Watt: V=0,105 cm3?
V=47mmx4,7mmx4,7 mm i

... Extremely small, output voltage regulated - Is this realistic?

L
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* Miniaturied Power Supplies — State of the Art

Multilevel Low-Q and Interleaved Buck: Isolation by passive

magnetic technology, control of the output by step-down
converter

: -, ]50...100V Interleaved
Mgllil:féﬁldg: s ungeregelt Buck Converter
+ W‘_'I(— —0 + °_.I_l._ +C
L"O (=00 C bus 3 out
AC 1 N | T c | .0
T | : R,
- b W o A\ |
ZVS&ZCS o o
... combining miniaturization, galvanic isolation, [pw switching

losses of the first stage with output control, output filter
reduction in the second stage

Applicable for Pout > 100 W, basic costs at 10 W are too high....

% Fraunhofer
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* Miniaturied Power Supplies — State of the Art

Loaded
factor Q

Maximum 50 W
Power

approx.

Soft Z\S

Switching

Transformer Conv.
Magnetic

Power Low

Density

Cost Very Low

400 W

ZVS

Conv.
Magnetic

Low

Low

1,0-3,0

500 W

ZVS

Planar or
Conv.

High

Medium

0,01-0,1

2000 W

ZVS, ZCS

Planar
Integrated

Very High

Very High

5,0-30,0

30 W

ZVS

Piezoelectric

High

High

Coparison of Topologies using discrete Components
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Outline

Digital Control by Interface UART
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= Digital Control by Interface UART

Example: 10 - 80 W Off-line LED Supply - Digital Control by UART Interface

Typical Application Schematic: ICL8105

L] @hl

&
=35
:
i
K

[JHV Internal
W— Temperature Sensor

=

Zero Crossmg ZCD
Detection

Start-Up Cell ICL8105 PWM — GD
Control
Squa V\ ave Current CS
Dimming/UART Sensing <
DIM/UART |anND

Configuration &
In-Circuit Calibration

Dimming »
Circuit + 3
lsolation
(optional)

Source: Infineon — .dp Digital Power 2.0™ for Energy Efficient LEDs (ICL8105)
April 1, 2016 by Future Technology Magazine
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http://ftm.futureelectronics.com/author/webmarketing/

= Digital Control by Interface UART

Example: 10 - 80 W Off-line LED Supply - Digital Control by UART Interface
FEATURES

Supports AC and DC input
AC input voltage 90V AC to 305V AC

Highly accurate primary side control with
wide output range

High output current accuracy All relevant error conditions are

Efficiency up t0 91% monitored and protected:
High power quality, typical power factor up * Under-voltage

to 0.9 and THD <10% * Over-voltage
Integrated start-up cell  Open Load

Digital parameter setting by UART e OQOutput Shorted

Source: Infineon — .dp Digital Power 2.0™ for Energy Efficient LEDs (ICL8105)
April 1, 2016 by Future Technology Magazine

\
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= Digital Control by Interface UART
Example: 10 - 80 W Off-line LED Supply — Evaluation Tool

Source: Infineon — .dp Digital Power 2.0™ for Energy Efficient LEDs (ICL8105)
April 1, 2016 by Future Technology Magazine

\|
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Outline

Programmable Digital Control
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= Programmable Digital Control

Infineon DP2Bxx Digital Platform for Customer Programming

DP2B Programmer and Debugger Set Up

~ Fraunhofer
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= Programmable Digital Control

Infineon DP2Bxx Digital Platform for Customer Programming

External Power Supply

13.8v
=+

Jumper Board

DP2B_Platform

o S I
8.3V @ }
i B

DP2B programming jumper board

% Fraunhofer
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= Programmable Digital Control

Infineon DP2Bxx Digital Platform for Customer Programming

VCC GND
[ i
— L—A u NNNNNNNNNN
vovio | Por [
VCC range poweren rst main
+ Comparator WUTIM [ standby oscill.
wakeup timer clock (50.56MHz)
Band Gap | ACDET [—{ 10z
[~ AC detacti
VGC /Temp RAM (16kB) -
] Wioncional 10 B L QRTIMO | n
e | | czes oo | s
| time programenabie mem | [— QCP1FIL Drivers GDo
ROM (16kB) savarge convef |
E c nmﬁgde{aﬂm_/ A
["j s|L Comparators D o0 | nanoDSP2 | WOT g S G
oA IV-Converter =~ |[c| |s= ! - digital -
ZCD M Sample M +16ud integer mulipler
p 10 (3x) GD2
P u figurable stpir location system limers T
nnnnnnn 58 X ;"s " fune [M
. Comparators || E
Peak Detector
Ccs1 =
-+ VIN Sense || “+
cs0 Comparator |1 | GPIOD
Depl. Cell n
Driver GPIO1
Low Leakage
["j Buffer
VS
[ 9 i
A L)
DEPLS (with depletion cell ) or DEPLG CTNEG
VIN (without depletion cell )
HSGD
coreless transformer and
high-side gate driver HSVCC
(SPTS5)
HSGND
S

b d depletion cell

Control Chip: Device Block Diagram [1]

16-bit nano DSP core up to 66MHz
16KB data RAM

16KB program RAM

16KB program ROM

16KB OTP memory

Integrated gate drivers

14-channel 8-bit A/D Converter

4 system timers

2 independent QR timers

UART interfaces

High voltage input for start up and AC
detection

Source [1] : Datasheet of Infineon Technologies AG
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Outline

Example 1: Wide Range Power Supply
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= Example 1: Wide Range Power Supply
System Topology

Boost Converter Flyback Converter
(PFC)

Y

Vin o TE“_<_ II VBus X Hg % Vout
-

!

TL431+
> o«
Infineon Op ocoupler
DP? |e—m— > Y|
YACOUB Iax] =

\
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= Example 1: Wide Range Power Supply

FEATURES
Input Voltage Range:

Max Output Power:
Output Voltage:
Efficiency:

Control Speed:
Output ripple:
Inrush current:

Extended function:

YACOUB 1)

AUTOMATI O NGMmbH

19VvDC ~ 150V DC

70V AC ~ 265V AC (50Hz/60Hz)
15W

24\VVDC

> 80 %

1ms ~ 5ms

+/- 10% @ Nominal Power

<2 A (Peak current)
Interleaving by UART

\
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= Example 1: Wide Range Power Supply

Programmed Protection Functions:

1. Over Voltage @ Vbus: deactivates PFC; If Vbus is less than a preset value
(less than a reference) PFC is activated

2. Over Current @ Flyback mosfet:
a. heavy load = less output volage, constant output power
b. very heavy load or short circuit at load,>deactivates first
flyback stage, then deactivates PFC (to avoid OV at VBUS)

3. Low Input Voltage : deactivates first PFC, then deactivates Fyback stage

YACOUB 1)

AUTOMATI O NGMmbH

Fraunhofer
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= Example 1: Wide Range Power Supply

Pin Arrangement DP2B61

Flyback:
Gbo4 |10 1] NG GDO: Flyback gate driver
CSoL 2 15[ FANC. cs0: Flyback MOSFET current sensor
vecl |3 . 14| O GPIOO  (peak current measuring at the falling
GNDO 4 Q 13 11 GD1 edge of mosfet gate)
zeo |5 § 12| [Deriol MFIO1: Output voltage of optocoupler
vs] |6 O 11| (@cs1 PEC:
Mrior ™ |7 10 | I MFIO2
avir | s ol EOMEI00 GP1: PFC gate driver
CS1: PFC MOSFET current sensor
MFI10O2: Rectified input voltage sensor
Power supply: VS: BUS voltage sensor
Others:
VVCC: Power supply GP100: Debugger interface
GND: Ground MFIQOQ0: for extended functions: UART for
HV: Power Supply for start up Interleaving YACOUB Eﬂ

AUTOMATI O NGmbH

\|
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= Example 1: Wide Range Power Supply

Scheduler Control Idea

Ops 25us 50ps 75us 100ps

timeslot index n+1 ‘ n+2 ‘ n+3

Extension Function BG BG
timeslot n timeslot n+1
app lus——FG task duration— «BG task—
scheduler scheduler | FG task of slot Cont’d BG | BC
ISR FG task of slot n BG Task #1 ISR N4l Task #1 Tz;k
Context Context Context Context
Save Restore Save Restore

Scheduler (Interrupt Service Routine) triggered by the system timer

A scheduler consists of 4 time slots in cycle (# can be modified)

Each time slot lasts 25us (duration can be configurable)

Every time slot executes flyback control task YACOUB Eﬂ
Every 2 schedulers performs PFC control task AUTOMATIONGmbH
Every 4 schedulers runs gearbox task (State machine control the system behavior)

% Fraunhofer
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= Example 1: Wide Range Power Supply

Scheduler Control Idea

* The scheduler requires that each foreground task completes within its
timeslot, that means: the task should not cross the next timeslot boundary.
The allocation of tasks and timeslots could be dynamically changed

during runtime, but in general it is fixed at compile time.

The timebase for the scheduler is usually generated by a system timer
The length of each timeslot is configurable at compile time
(#SCHEDULER_TIMEBASE_us)

Each timeslot allows the execution of zero, one or multiple FG task(s). The
allocation of the timelots is done statically during scheduler initialization.
This is done to minimize code size and timing overhead of context
handling

YACOUB i

AUTOMATIONGmMbH

\\|
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= Example 1: Wide Range Power Supply

UART Interface: Interleaving of Modules

Flexible output power delivery up to n*15W (n = 10 -> 150 Watts)

Master—Slave mode: master module controls output voltage, slave mode
activated only when master module demands more power (overcurrent occurs at
master module)

Communication between the master module and the slave modules over UART
interface.

Phase shift on PFC of every activated module to reduce the inrush current
Redundant operation: If the master module fails, next slave module is activated

as master -> High Reliability

YACOUB i

AUTOMATIONGmMbH

\
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Outline

Example 2: Off-Line LED Driver

L
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= Example 2: Off-Line LED Driver

60 Watts Low Profile with PFC and LLC for

Constant Output Voltage
Circuit

LLC Resonant Synchronous  Qutput
EMI Filter  Rectifier PFC  Bus Half-Bridge  Rectifier Filter

o— - —0
: 1H2§ - }{ Output
Grid |7 <> Tl L | 1T i Y }1)8 v
70270 RMS - ™
—1 - - —T{60 W Led Lights
o — — A
>

~ Fraunhofer
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= Example 2: Off-Line LED Driver

60 Watts Low Profile — Complete Circuit

«fs*
»

E
i

?Ir
»

32
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= Example 2: Off-Line LED Driver

FEATURES

* Modularity

* No change in PCB design for different output
\oltage (e.qg. 24V, 36 V, 48 V)

 Qutput and bus voltage programmable at one
unique component set up
(e.g. for 24 V: Vout Range of 20V — 28 VV DC)

L
~ Fraunhofer
1S
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= Example 2: Off-Line LED Driver

Program Scheduler
100 ps
{PFC+LLC { LLC 1 LLC GB + LLC
PFC: LLC: GB (Gear Box):
Control Loop (PID) Swichting frequency change based Management and operation
with valley switching on feedback circutt with type 3 of the system
controller

34
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= Example 2: Off-Line LED Driver

Valley switching

How it works:

The Zero Crossing Detection (ZCD)
catches the moment when the boost
inductor current goes to zero and the next
switching cycle can starts.

Advantage:

Minimize the switching losses

Examples:
q

W

Vv i ¥ X W
el [Tm——ted P [ Papidpsmad™ N bt 1 |

Third valley

qe TELEDYNE LECROV'
EvorwheroyoulooK. |

J
]

|

|

|

|

|

L T |
|

|

|

|

|

|

|

|

i

o) WM o

First valley

Blue — gate signal
Yellow — Voltage on the inductor

~ Fraunhofer
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Results 24 V Board
Vin (RMS)
70 0,992/560
110 0,989/290
120 0,987/640
230 0,955/220
250 0,944/150
270 0,929/130

Power Factor/Starting Time (ms)

0,985/400
0,977/600
0,974/440
0,900/130
-/84
-/80

= Example 2: Off-Line LED Driver

0,926/132
0,913/372
-/100
-/88
-/88

Full Load Half Load 10 % Load LED Lights
0,961/1160

0,992/-
0,986/364
0,987/348
0,948/236
0,938/408
0,918/140

36
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= Example 2: Off-Line LED Driver

‘Results 24 V Board 70 Vs

File  Edit Vertical  HorizfAcq  Trig  Display  Cursors  Measure  Math  Utiities  Help

Stopped B T 1 May 18 141806 -
V - ChZ-‘P::.i:hnn
mmmmwmmmmmmmmmmmmm cn2 Seate
|

Simulated Tested
Power factor 0,998 0,992
Average bus voltage 426,36 418,40
Average output voltage 24,12 23,75
Average output power 60,64 59,55

37
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= Example 2: Off-Line LED Driver

_‘ Results 24V Board 270 Vs

R P e Simulated Tested
Power factor 0,867 0,929
Average bus voltage 42422 422,6
Average output voltage 23,99 23,75
Average output power 59,97 59,42
_
~ Fraunhofer
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Outline

Example 3: Off-Line Supply with Piezo Transformer
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= Example 3: Off-Line Supply with Piezoelectric Transformer

3 Watts Low Profile — Complete Power Circuit

_ ® COES) Gt MESS
! Creepage clearance Jmm
o= 43V Shortwie V MESS B !
Vi 450V @D |
TH Li L bo 0_boost = H3
- - = |
PTHA00430 4mT obsolte bl m forlL 4 , PTHA00-130
psesara | | P MSS103A05KL_ b mostet | o phan
| | l_‘ - Ilj_ STH1HNKED | DB2440500L ‘T DE24405001
Viz= TOVAC - 170VAC 4 2 mosfet? i dt Shortwie L Bb] |
: — AC-- :11  DustRC_bus2 e ,
o o]
T o 010 (Cagemt 0 "
5
BTy o T mi L Ue s sl
—p  SRESZN| 53] +
HA001.30 — 2 < : C_autt
. 1 gﬂmimsn | e 20
Crespage | om0 710 VAC :]— ;
Law 2 1 [
= E
i Piezo i
= Creguze0Sumto 18V Creepaze L om0 50V PenTRAFO |
G B ne et T ; RO R0
3 DA2A40500L. DB2240500L
| PTHA
; PTHA 00130
‘ 0
>
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= Example 3: Off-Line Supply with Piezoelectric Transformer

3 Watts Low Profile — Complete Control Circuit

TP2 Digital Plattform dp2h
T MESS 1B
(VMESSEB ) R_drivet Pl
{(Tow GDO HSGD
. IR
vee
2
T ¥ 1 21cs0  HSvCC
¢ ldo 5 vee
470 = T ] X
PTHp 2V ‘ Iy ! VCC  HSGND 100
3 b CoM1
% BABS1 soy ot
H10030 L Tmu PTHS
= {len  6rIo —ﬂ” 1 i
- TP4 -
------------------------------| 5 1 R drive3
()] GDI Boost >
RFB_buck D1_buck I AR
L] K { 6 1 :
12K ] RS1J 1 Vs sl =—
RBias_buck 1_buck ] L
1L . : PTHG
0 SV : 3 — Tt Mpo2 0 @D L 1
CEP_buck H H-1.00-1.30
o g MEIOD -5 PG
v
st ¥ 1_buck vee :
9
e st -y T
=lm g —éq 680U uck2  E=Chucki i
1 = 0464 |47V 47U h
TV MESS D S 9 sy 25y 25V H
LNK304DN J\D_buckd [ o Naferis T Fraunhofer I
= 1 : Tile Netzwandler mit Piezo-Transformator Gust yer-Allee 25
Buck-Konvektor fiir 1 = = - .. c 13355 Berlin
’ = @D i Size: A4 Nurber Piezo TR | Revision(.1.2 Fag Sheng Oye
DP2B Spannung GD Date: 06012017 Time: 16460 | Sheall of 1 UGO (gimo)
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= Example 3: Off-Line Supply with Piezoelectric Transformer

3 Watts Off-Line Power Supply with PT

nput Filter + Boost-Converter (PFC) + Serial
nductor Half-Bridge + Piezo-Trafo + Synchronous
Rectifier Full-Bridge + Output Filter

Galvanic Isolation

@T Fiter > PFC k| HB hk» PT:if»| SR > Filter > Load

i st O 1111111

L
~ Fraunhofer
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= Example 3: Off-Line Supply with Piezoelectric Transformer

3 Watts Off-Line Power Supply with PT

Input Filter + Boost-Converter (PFC)

| Boost Converter B
| ac1 L1 DB L2 D1 |
W * YY) °
| LPS6235-475ML MSS1038T-105KL E:l L v>f |
| Ac2 cl . c2 |
* o152
| s 10n 500V e 1u 630V |
| STN1HNK60 V}f |
GND GND GND GND GND
- -~~~ ____ - __ "7 T |
| Gate Driver ]

| VG R1 ‘

1 oo or—=—@l
C3_L N+ IN- .

I VS)ﬂ_WO”I |N5CCZ7517A }

GND GND GND GND J

\\|
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= Example 3: Off-Line Supply with Piezoelectric Transformer

3 Watts Off-Line Power Supply with PT

Serial Inductor Half-Bridge + Piezo-Trafo +
Synchronous Rectifier Full-Bridge + Output Filter

S,

% |Lf=2700 pH @ 260 kHz & 3Watt
" T wopl Lo | e PImode 5
l C, |—[—E DT/SD V|2 g

i

A f =
= GND LVG I [ £, o
Ry : \é =!%| = %
Rcz Q} : :
¥ '
I |
| |
I |
I

\\|
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= Example 3: Off-Line Supply with Piezoelectric Transformer

Testing Results Pout = 3 Watts
Input Filter + Boost-Converter (PFC) V,, =90V,

_______ YN TELEDYNE LECROY

| Line

VAVAVAVAVAVAVYVAVAVAVYVAA

] maxCl  PEMS{CY  PEpkpk(CI) 4 (c4 piC1,CZ PI0:-- P1--- PiZe--
115.5 mA 304V 121V B mA g30e
v v v v v v v

250MS 25 MSis| Edge  Positi

sMSis|Edoe  Positive
~ Fraunhofer
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= Example 3: Off-Line Supply with Piezoelectric Transformer

Testing Results Pout = 3 Watts
SIHB + PT + Sync. Rect. + Out. Filter: V; s = 450V

L—L w (""""‘T (""‘"] VGS_S2 ‘?\‘ [ srpetest ‘
A A A A ST
T V L_.%LL ¥ [k
/ _S2
| | | |
| V_Lola”

-|:||:| 20 GS/sEdoe  Positive
46 Z Fraunhofer
1S



= Example 3: Off-Line Supply with Piezoelectric Transformer

Tested Parameters: Pout=3 W

: Parameter Value

Switching Frequency 261.86 kHz
Output Voltage 495V
Output Power 3.14 W
|_rms in Half-Bridge Inductor Lf 55 mA
Ambient Temperature 28 °C
Maximum Temperature of PT 62 °C
Maximum Temperature of Lf 46 °C
Maximum Temperature of Mosfets S1, S2 38 °C

Z Fraunhofer
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= Expectations

Digital Plattform for flexible Programming
= Chip by Chip

= Nano-DSP for
Low Power
Digital Control

= Low-Side Driver

= High-Side driver
(DP2B:up to 1l
MHz)

= Programmable
Pins

" Interleaving
th rough GPIO Source: DP2B of Infineon Technologies AG

\
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= Expectations

High Production Volume: Analog power supplies still useful
Digital Control by UART Interface suitable for one Use-Case
Digital Programmable Control for Special Use-Cases

Digital Programming for Special Topologies or Components
(as Integrated Piezoelectric transformers) will be applicable

in case of request of magnetic-field-free power conversion
(e.g. in MRT) below 100 Watts

% Fraunhofer
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Thank you
for your Attention

N Mmatthias.radecker@eas.iis.fraunhofer.de

+49 -351-4640-842

~ Fraunhofer

1S

\



