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Mission

The leading center of competence in highly-efficient and highly-
Integrated Power Management IC and discrete design.

Founded
Oct 2011, spin-off from KU Leuven, ESAT-MICAS.

Size and experience

5 experienced mixed-signal electronic engineers (4 PhDs), combined > 50
years of design experience + additional resources available.
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2000-2004: Industrieel ingenieur KDG (Thesis DC-DC Dr. M. Van Paemel)

2004-2006: Burgerlijk Elektrotechnisch Ingenieur KUL (Thesis DC-DC Prof. M. Steyaert)
2006-2010: PhD “Fully-Integrated Inductive DC-DC Converters” (Prof. M. Steyaert)
2010-2011: IWT OZM type-1 mandate

1996-1999: Graduaat Automechanica (Thesis uC Dr. D. Weyns)
1999-2002: Industrieel ingenieur KDG (Thesis uC (Tl) G. Van Landeghem)
2002-2006: Project Manager - Analog designer Melexis Tessenderlo
2006-2011: PhD “Telemetry for Capsule Endoscopy” (Prof. R. Puers)
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Introduction =CET.
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Source = Power Management = Load
Battery, solar cell, fuel cell, ... Discrete, fully & highly integrated Implants, LED lighting, mobile,...

BRIDGING THE VOLTAGE GAP
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CMOS Scaling
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Introduction

Bridging the voltage gap: OFF-CHIP

[
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25/04/2012 confidential 7



Introduction =CET.

Bridging the voltage gap: ON-CHIP
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Bridging the voltage gap: AC-DC = Runaway Train?
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DC-DC conversion ‘='CET
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DC-DC conversion =[ET.
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DC-DC conversion
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DC-DC conversion ="ET.
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DC-DC conversion =" ET.

Capacitive converters: Charging capacitors

C(t) t=0.691c
C TlC_charge;l’[ <<Tc t>>1:
—_! 100%t|-----1-----2/-=

'C(t)v s :
—1 50%1 :
B 25% . !

!

0 U'in>Uc(0)

% Losses independant of R
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DC-DC conversion =CET.

Capacitive Step-Down Converters 1/2:
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DC-DC conversion =CET.

Capacitive Step-Down Converters 1/2:

1 o -E) _;_ 2 D

% Works well for constant voltage conversion ratio
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DC-DC conversion =CET.

Capacitive Step-Down Converters 1/2

>

0.5 kg

% Works well for constant voltage conversion ratio
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DC-DC conversion =" ET.

Inductive converters: Charging Inductors

=+

% Losses dependant of R
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DC-DC conversion
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DC-DC conversion =CET.

Inductive Step-Down converter:
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DC-DC conversion =CET.

Inductive Step-Down converter:
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DC-DC conversion =(ET

Inductive Step-Up converter:
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DC-DC conversion =CET.

Inductive Step-Up converter:
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DC-DC conversion '=‘CETr
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Inductive converters:Continuous vs Discontinuous mode
Continuous Dlscontmuous

5‘_°-5'/°-
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DC-DC conversion =CET.

Inductive converters variations: Multiphase

|—1 SW;.;;Z Uout
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DC-DC conversion '=‘CET
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Inductive converters variations: Multiphase
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DC-DC conversion =CET.

Inductive converters variations: Multiple-Output

sw, !

L I You
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Converter components =CET.

Loss effects

« Skin-effect —

e Substrate losses
« Substrate capacita\

% Round conductors & far from substrate/metal
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Converter components =LEl.
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Bondwire Inductors

e Can be combined with C underneath (slots!)

» Low series resistance: ca. 50mW/nH @ 100MHz
e Far from substrate

» Good for single-phase & high voltage

e Cannot be scaled well: no multi-phase
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Converter components =LEl.

Metal-Track Inductors

M9

Pitch (nm)

M8 566.5

M7  450.1

M6 337.6

R M5 225.0

oy - M4 168.8

¥ M3 112.5
BEE M2 1125
o R M1 1125
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Converter components =CET.
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Metal-Track Inductors

e Good for multi-phase & low voltage

e Cannot be combined with C underneath

* High series resistance: ca. 250mW/nH @ 1GHz
» Close to substrate
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Converter components =CET.
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Metal-Plate Capacitors

» Metal-Insulator-Metal (MIM) : low ESR
* Metal-Oxide-Metal (MOM): high voltage

MIM MOM

ME X
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Converter components =CET.
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MOS Capacitors

* Metal-Oxide-Semiconductor (MOS): high density

-

p—substrate
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Converter components =CET.
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MOSFETS

» Stack switches for higher voltage capability
« Switches become faster in deep-submicron
lower opertaing voltage

R R
T M,§2Uqy — M,3GND
2Udd Udd 2Udd Udd
®  off U, ® on  TGND
1 1
GNDo— Uga o]
—1— 1
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Converter components =CET.

MOSFETS: Lay-Out

» Use adapted walffle-layout for low parasitics

A IIHIHTTIITIY

‘\

| e e e e )

A ‘

A

AN
B 07770 =

25/04/2012 confidential 37

‘ A ‘




Contents

e Introduction

« DC-DC Conversion

e Converter Components
 Control Strategies & Systems
 Implementation Examples
 Conclusions

_— .

e
Integrated Power
l'glana‘lgmt

Sulutivres

25/04/2012 confidential

38



Control Strategies & Systems =CEL
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Control Strategies & Systems =Ll
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PWM vs PFM

/\/\/\ M0
[ fow_prm ifSW_pWM ‘ il W H H H H

AUgut pEm=AUout pwm

L Nsw_PFM _ _
Lsw-punt \ /

P

out max

P

Pout min out
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Control Strategies & Systems =CEL

Constant On/Off-Time: COOT

 Higher eff. vs PWM
 No current sensing

* Mostly digital

e Fast trasient response
* Fixed voltage ratio

e Load regulation dependant
on the ripple ity to  ltiea

>

; Bulk—
. Conduction

| L___/Z_1
L_max

25/04/2012

]

41



Control Strategies & Systems '='CETr
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Semi-Constant On/Off-Time: SCOOT

DC- DC, DC- Dg DC Dg DC-DG,

offset1

VAVAVA /\/\/\/\ J/V\/\/\

off reald |dle1

Lonz toff_realz |dle2
toﬁ

off1

toffsetz
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Control Strategies & Systems =Ll

Semi-Constant On/Off-Time: SCOOT

e Higher eff. range vs COOT nSWA(CO?TJ[COsz]m

 No current sensing

 Mostly digital .

* Fast trasient response !

 High power density v

* Fixed voltage ratio

* Load regulation depandant
on the ripple . .

« No perfect interleaving | | >

out_min I:)th I:)out_max Pout

|
>
out_max Pout

P, P
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Feed-Forward Semi-Constant On/Off-Time: F2SCOOT

* Higher eff. Vs (S)COOT ot reaiy
 NoO current sensing o .
* Mostly digital ><
e Fast trasient response i
« Large input voltage range Un i Ui max U
« Load regulation depandant "SWA [t.,.=c*"] [F2scooT)
on the ripple : /
Ui :min Ui mla: Yin
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Implementation Examples =CET.
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Implementation Examples =CET.

Efficiency Enhancement Factor: EEF

41/100km

81/100km
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Implementation Examples
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Efficiency Enhancement Factor: EEF

DC-DC; DC-DCs
Pout =1W klin — kSW = 0.8 Pout =1W klin — kSW = 0.5
Niin = 80 %0 nsw = 85 % Niim = 50 % nsw = 55 %

= AN = Nsw — Niiw = 5 N

Pin_lin =125 W Pil‘l_SW = 1.18 W
— APzn — RnJin_lDin_SW =0.07W

AP,
Rn_lin

EEF = = 5.6 %

ki =ksw

— AN = Nsw — Min = 5 N

Rn_lin =2 W Rn_SW = 1.82 W
— APM — }Din_lin_Pin_SW =0.18 W

AP,

Rn_lin Kerin = ks

EEF = =9 %
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Converter Circuit
S
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N ER
P, — |
M1£ M1g_ L L Uout
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- > o

1 <H coOT Control U,
Dy CH System

St Start—up Circuit
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Implementation Examples =CET.
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Control Circuit

) buffering & level- shlftlng

4) constant off-time control

: P buffer2 : ____4) constant off-time control ___ |
Ve o o<] :
l : : L_.I_ Altdead I
: : [ AJ[cn‘f_real !
: o buffer1 : 3)_ c_(_)_ﬁ §_J(_E;EI_’[_ _9;1: _t_lf_'l_"l_é_:)_éiz_lﬂa_to_r ————————

: % level |11 :

; shifter |1 | O <II L .

— o o o o o o o o o o o o s s
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Measurements

uout(t) " = f | e, 61
200 mV/div I vm 3%
T §57
——t —+ I_.;55|-
! i . é.‘oss ---1'!1.eo ical eflT Ilnearreg
lou(t) ! z s/ N
50mA/diy | | I e st i S s st
1 E 47
T T T T %20 40 60 80 100 120 140 160 760 200 220 240 260 260 300
400 us/div Pou[mW]
Input voltage range 3V4V
Output voltage range 1.5 V2.1V
Output power range 0 mW-300 mW
Switching frequency range 20 Hz-140 MHz
Power efficiency @ U;,, =3.6 V and U,y =1.8 V 65 %
Efficiency Enhancement Factor 23 %
Maximum output ripple @ FP,,; =0 mW 160 mV
Minimum output ripple @ F,,+ =300 mW 50 mV
Load regulation gyt /070yt —0.3 0
Line regulation dt gyt /Otin 0.02
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Implementation Examples ="ET
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Converter Circuit
Eﬂ—chiE on-chip j)ff—chip
) st k
i Mg,
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Implementation Examples =CET.

Control Circuit

level
shifter

level
. m

shifter
1

2) On-time control 1) Comparator

level
shifter

e

AAARARA

a

...................................

5) Busy—detector

St

level
shifter 'l

]

)

lpm===== ..o T oo T T e m e o -
v:-'C

1

1

1

1

:

:

@, “C

.

)

]

)

1

1

1

Cl

---------------:'76'---------------

4) Off-time control
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Measurements

[tom &toﬂ_reah & toﬂseh} ) [ton2 &toff_real2 &toffset2]

1
o A -
e T T T T —>
: I : : : : : :

uout(t) AR T
200 mV/div:

ou(® f S : : | [~Simulation
: X [ - ‘ ‘ + ---Theoretical eff. linear reg.
Em bt Ww A braimipded - S s R S
50 us/div "0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800!

Pout [m\N]

e Qutput Power 800mW
o Efficiency Enhancement Factor +21%
« Power density 213mW/mm?
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Conclusions =[ET.
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- Use switched DC-DC converters for higher
efficiency

« Capacitive good for constant voltage ratios

» Use simple topologies for minimal losses

* Multi-Phase to boost power

e Integrating high-Q on-chip passives is crucial

« Control strategy Is determining for efficiency

» Compare step-down converters through the EEF
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Headquarters

MinDCet NV
Researchpark Haasrode
Esperantolaan 4

3001 Leuven

Belgium
www.mindcet.com
InNfo@mindcet.com

t: +32 16 40 95 28

t: +32 16 40 14 88

f. +32 16 40 83 38
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