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Overview
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One-step resonant DC-DC One-step DC-DC 15-325V Active-Clamp Flyback

325V to 3.3-10V, <500mW DC-DC 20-300V to 5V,
. to 3.3-10V, <300mW
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The Need for High-Voltage Low-Power Converters

Smart Home | E-Mobility | Industrial
loT Applications

Grid:

—— 110/230 Vgys
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/ Increasing need for
Battery:
E a ﬁ . ] \Jfog(}’ efficient and compact
i AEcy] == high-voltage offline
E? O O power supplies
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Closmg the Power-Supply Gap for loT, .

u-Power &
Energy Harvesting

Power density <1 ?—x\é
not suitable for many
applications
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Closmg the Power-Supply Gap for loT, .
Discrete
Power Modules

1mW 500mWwW

u-Power &
Energy Harvesting

Power density <1
not suitable for many
applications

3L

Low power density and
low efficiency at low P
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Closmg the Power-Supply Gap for loT, .

u-Power & : Discrete
Energy Harvesting Itk B Power Modules

Power density <1 -A -
not suitable for many Efficient and small low- : Low power density and
applications :power converters needed: low efficiency at low P
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Towards Chip-Scale Offline Power Supplies

:.»— IC

o

Chip-Scale High-Voltage Power Supplies -

rRectifier‘

5

PwrSoC 2023 -

AN

PWR i; 1] Leibniz
1 9] Z ] Universitdt
to9:4 | Hannover

Bernhard Wicht -

Leibniz University Hannover, Germany

DC

DC




IMS
Institute of Microelectronic Systems
Leibniz Universit,

HV Challenges

. . >
Vin Vin 1) Losses: C + |-V

CGD SwW
I: Eq 2) Speed

O

§ D T = 1/fsn

C
1\ y, par I Vout = (ton / T) Vin * = 3.3V
t —>

4) Sensing and biasing
~100mW @ R = 1MQ

|

noise, EMC

3) Coupling, ,

Control

IOU'[
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HV Challenges

1) Losses
2) Speed
3) Substrate coupling, noise, EMC
4) Low-power biasing and sensing

...to be addressed by
Topology Technology
and and
Design Layout
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Why SOI? ~ Cos
« Oxide isolation instead of junction isolation Dl G iS |B

* No parasitic bipolar effects

* Negligible leakage currents

« Smaller die size (narrow HV isolation)
« Small, low-resistive HV devices CI_ h —— i /
« Super-junction MOSFET and IGBT —F

Hannover

« But: Capacitive-loss-reduction 4x higher
techniques required losses

. >
100 200 V
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Capacitive-Loss-Reduction Techniques in SO

Resonant switching: (1)
Series capacitors: @) +@)+@)
Cos =@
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Self-Timed Resonant Operation (1)

Ve V1 e 3.3..10V
150...400V == o L

_| I_ Ioout} J_Cout

iInsert capacitor for

IA resonant operation

>

Vo}----
'Vout S SEEEEEEEE >
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VLp Vout
Vo ewmaed¥loa e b= == =md-13.3.10V
150..400V == oG T
self-timed Ver Doyt 484 : :__C
onime Ipout} vy | o
Phase 1 » C, causes resonant behaviour
< >

= Self-timed on-time
= /\/S/ZCS of HV1
*{ = Capacitive loss-reduction

>
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so-aa¥e L.
I _+ ! V Vout
. . . Lo eR--3.3..10V
| P/= - | N
ICI’_?I’ : |ILp Lp.’ll
self-timed Ver ;b2 Doy iy nTe
on-time : Ioouth s v | Tou
—> o )
Phase 1 Phase 2 » C, causes resonant behaviour
> <

= Self-timed on-time
= /Z\/S/ZCS of HV1/HV2
N Capacitive loss-reduction
 HV2 enables reuse of energy
t storedin C,
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__4 V Vout
Vi HV1 ‘ M R/ S ~ > 33.10V
150...400V ler "Gy Io L,

Ve AN D2 BDJSVAN =
1 oouty 1
* Pou=0.5-C; Vb2 Tow
* Varying f,, = pulse-based
control of P,
L e But: Py max defined by Vi, i
= Second conversion mode for
t high P, at low V|, required
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The Dual-Mode Buck Converter
Suitable for DC-DC and AC-DC conversion

Vi

A

Mode 1: Self-timed resonant operation
resonant
mode
constant
on-time
mode

Mode 2: Constant on-time control

- Bernhard Wicht - Leibniz University Hannover, Germany -
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I\/Iode 2. Interval-Based Constant-On Time Control
Conventional buck converter with HV2 permanently turned on (reuse from Mode 1)

VLp VOUt
2 i % 3.3..10V
=10V =2 2 o L
vV Poutocgvb'tonz fow I:;outzS Tc |
‘b 1 4 v Dout4 1 ou

ton“Vb ZRV ?OV 158\’ Interval-based control:

Trade-off between control complexity
and efficiency

Lower losses than continuous control
Look-up table, RC-delays in HS domain
Sufficient P, down to V, ~ 0

150V

60V interval
:  based
20V
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Interval Based Control: High-Voltage Threshold Detection

16 mW losses @ 10MQ / 400V

f  Large efficiency impact due to
resistive input-voltage sensing

> th-out

v
v, VWA
VDD_| Meip
flip
flop
R
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Interval-Based Control: High-Voltage Threshold Detection
number of diodes sets et « High-speed detection (~10ns)
thléeShdd voltage §§ g E « 1000x lower power consumption
‘ ‘ 50 [s 7] =+ Negligible current below Vi,
Ve K 1%80 ig 1% = Large R reduces current
pulse-based 150 T26 115 above Vi,
clk>q control with % Mg = Pulse-based control with
feedback loop fli feedback loop further

flop [~ 10Ut reduces losses

20
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The Zero-Crossing Buffer Capacitor

rRectifier1 r Buffer 1 DC X
Vmbv» ZS Vrm # Vb‘ ¢ e Vout >
At I out

=AV. >§96nF@500mw

'y T 70nF a
t V,, range of DC-DC

0.7cm?’

converterdownto 12.5V

21
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An Actlve Zero-Crossing Buffer

'DC "

Vb‘ | $ Vout >

DC

rRectifier1 r Buff

Vi « Active zero-crossing buffer
KZ[S V. . allows for higher integration
HV |- Vo AVb Ny out
Vis v > ;596 nF @ 500 mW
2\ __C }O’nF >
L™ Vou . T 3.3nF 0805
1 t V,, range of DC-DC

3
turn on of HV,, converter down to 12.5v -7 €M
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Block Diagram of the AD-DC Converter IC
Recti| Active Zero- |Dual-Mode DC-DC Converter

fier |Crossing Buffer|with Closed-Loop Control %
V. V, L V1 l =
> > = A |
@EE Hvi{ gate || E|&[- & [Poo] T [bootlC
Vi drive || Ar—-&lrap strap
z:?g L [charge| |lthreshold _] gate-pulse; gate gate v
Cb_ pump | ||detection})™ |generation: idrive| |drive T out
threshold|_- _ _
detection mode and on-time selection V..o
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I\/Ieasured Transients — AC-DC Converter
Load-step from /,,~4mAto I ,.,~40mA @ V,,=230Vrus, V,,.:=5V

(‘D fast control without undershoot or overshoot

load current
(20mA/div)

buffered voltage —>
(100 V/div)

switching node —
voltage (100V/div)

l

Chip-Scale High-Voltage Power Supplies - PwrSoC 2023 - Bernhard Wicht - Leibniz University Hannover, Germany

25



IMS PWR f;’ { | Leibniz
Institute of Microelectronic Systems 2 i :,2 gmversntat
Leibniz Universitdt Hannover oo annover

PCB Implementation
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Comparison to State-of-the-Art

100—— | | "This .

80T %, 4 20« yvork.

2.5 |
X

@

- @ ' 1 T T -
00 100 200 300 400 500
Power density / mW/cm?

AC efficiency n/ %
N
o
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+ high power density: 458 mW/cm?
+ high AC efficiency: 73.7%

+ high DC efficiency: 84 %

+ all grid voltages:  110/230Vgys
+ wide V| ,pc range: 12.5V-400V
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Actlve -Clamp Flyback

PWR it eibniz
1 9j Z ] Universita
te 94 | Hannover

1 A
V. ¢ 1 +—poV/ t ton,|_|\/1°c 30V 100V 250V
o5 2 > ol VOV
oo+ v Cc : : :
o<

bootstrapping

[
threshold ]J
detection

|
level
shifter

logic

signal
Isolation

Vin
« Same block-level circuits as for
AC-DC

o

ik

oscillator

&
|k\|\+I-Vref
¢ On

Chip

* Interval-based constant on-time
control

* High-speed, low-loss threshold
detection
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Efficiency over Output Power
@ vin=325V! vout=5v
6012 ACF _
{ +46 % iy

g

-
_ —~~PCF

N
o

Efficiency n/ %
N
o

-

P,/ mW
— Active-Clamp Flyback

- — Passive-Clamp Flyback
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I\/Ieasured Efficiency

Efficiency n/ %
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Efficiency over Output Power Efficiency over Input Voltage
@ V=325V, V_,=5V @ Pout—50 mW, Vout 5V
_— < 78 89 .
o012 ACF ] S8of 4 """ :
a0} [F40% —{ 360 T T DA
s ~ I — — ]
20t -~ “PCF EJ 40': A o
= £ 207 _
O E— . | . o Lu O f 2 T . T . .
10 100 500 20 100 200 325
Pout/ mW Vin [V
— Active-Clamp Flyback - - RECOM RACO01-05SC
- — Passive-Clamp Flypack ... CUI INC PBO-1-S5-B
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PCB Implementation
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Conclusion

= Chip-scale DC-DC and AC-DC
converter designs

= High conversion ratios (400V - 3.3V) €

= Topology and Design:
— Intervall-based control COT control e smaller

— Low-power threshold detection * cheaper
, _ « efficient
— Buffer size reduction
= Technology and Layout: B
— SOl

— Capacitive-loss reduction 110-230V
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