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Introduction: Power distributed systems

Case 1: One converter per voltage domain

sEfficient generation of
differentvoltage domains

sAdaptability to different
specs perblock

=Low power converters




Introduction: Power distributed systems

Case 2: Multiple converters per voltage domain

sEfficient generation of
differentvoltage domains

sAdaptability to different
specs perblock

= ocalregulation

=Better power
distribution

sEven lower power
perconverter




Requirements

n(%) , Desired
: P performance
1)High Power efficiency > o

«— 2)Small

-
Power dens.

(W/mm?)

3)Low output power = Scalability

(keep efficiency when scaling

*Finer distribution on-chip

down area and power)







State of the art: fully integrated converters
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State of the art: fully integrated converters
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Scalability of inductive converters (l)

Split the converter into 'x” modules: 74

=Scale size of L & C,, to keep constant AV, - f

at constant f; N
-Co =2 Cy/X 1N di
-L = XL (reduce area but increase inductance) 2y LC

s|nductor current RMS for CCM buck converter:

B
V2 (V,, — V,)? e l—al 1 :
I7 =17 + o —— o) [:1" sSIf~—  —>Alsoappliesto DCM
12V2 f212 b x2

=The switches should also be scaled:

1
[.ROH 9 X*ROH;J |NMDS 8( |F'|'H1'DS RMS redUCeS by X‘g AIPNMGSJPMGS"';

*Switching losses should also reduce with the 1
size of the components (keeping f constant) ~Fw g
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Scalability of inductive converters (ll)

Fy

Efficiency: n = P, +(P )+ Py p + Pu,

To keep a constant efficiency, the inductor resistance
should be proportional to the number of modules (x), so
that the inductor losses reduce with the same factor.
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Scalability of inductive converters (lll)

sExample with planar spiral inductors:

18

16

14

12

10

(normalized)
ductor resistance increase
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Reduc:fed efficigenc
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____________________________________________________________________

"""""" ~IRcreased efficiency

1 2 3 4 ] & 7 8

X - Number of modules
[ Areareduces 8 Inductance cieaSeSI)

Expressionsfrom: Mohan et al. "Simple Accurate Exprassions for Planar Spiral inductances”,

Force inductance
increase and area
reduction by x
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Scalability of inductive converters (lll)

Efficiency of inductive converters

will drop when scaling down
output power and size
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Inductive converters moving to DCM...

lg =|ncreasing number of modules (x):

*Reduces |, (per modules) =2 |,/x
*Increases L, but not 2 x*L !l

3\

Increasing switching frequency
reduces current ripple at the cost of
switching losses increase

-

High number of modules {-High RMS value i (t) > Pegpa T

«Zero-current switching = Py, +

¢

Edge DCM <« CCM

~=Discontinuous Conduction Mode
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Inductor current zero-crossing detection:

Right Ty phase duration:
CTon . Ton

»t

X Vin | . .
’ \ﬁ\ iL(t)=0 detection

]

0 —. ends Ty




Inductor current zero-crossing detection:

‘Too short T,¢ phase: Too long T, phase:
Ton T Ton T
iLi'_"i“ Ton T2l rms T Peona T i - Ton T2 1Lrms T>Peona T

Terror
-

Terrar
'ILma}cTepswq\ e 'ILma;{TepawT
lo- Jf===--% s i "Vdiode >Peonal o= Y == = ,
Vi, 4V, >t

(normalized)




Inductor current zero-crossing detection:

‘Too short Tog phase: Too long T, phase:
Ton T Ton T
iLi'_"i“ T “Ton T>ILrms T>Peona T I . “Ton T >Irms T>Peong T

~ " Terror
'ILma}cTepswq\ e 'ILma;{TepawT
lo-Yfm===- achh *iL*V diode ?Pcon dT =N T~
>t t

V}-:luin
0 o \
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(5]
V, Z25
i, 5 8 WV, =1.8V
— R =\/ =1V
s 2 2 =l,=100mA
c 2o "L=2nH | .qmm?
_ £ 515 =C,=7.5nF
3 =f.=175MHz
& ] ; : ; =AV,=5%
© 4 -0.5 0 0.5 1 *R;,=0.1Q; R =0.380
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Inductor current zero-crossing detection:

Very few dedicated I, =0 detection circuits

found for fully integrated inductive
converters
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Scalability of switched-capacitor converters (|)

Split the converter into 'x’ modules:

=Scale size of C,, to keep constant AV, Vo 1,
at constantf,. ‘o
I, a_’IE?Ea_’Eﬂ 7. \=
AV, = C. AV, = ct. I s ot

=Qutput impedance:

2

[ C
m LRGH —XRagn ;Cﬂ _’ﬁ
Ry = ( ) + (PR,n )? ? Roye~x

fsCrt
4 R )
out =Qutput power:
1:M R v ™m I

T s ’ \ £.Cn ?X [IG —:?“,-RM —>wa;} 1
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Scalability of switched-capacitor converters (ll)

sConduction losses:

5 {—Io _’IIGJRDHI? _,XRDL[ITJ 1
Pcand — Icr Raut ? Pmnd “”';
='Bottom-plate’' losses: _
5 Chot — Tt 1
Pbat — };V::n Cbat bot ™~ ;
sSince switches become smaller driving 1

—— : P
switching losses will also scale down: ¥ %

Efficiency of switched-capacitor

converters will remain constant when

scaling output power and size
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Multiphase has been applied to inductive & SC

I Switched-capacitor: I Inductive:

e s

— cony. 1

T — cony. 2
g ] B ——cony. 3
. 1/x = conv. 4
41 modules - Each module™: B | AT

= | =200pA é NS AN

w\/,,=1.6V =

"V,=0.7V time

ap =700 s e . .

-g.o?oiimz =Effective i, - Xtimes higher frequency

%thmes Iower amplltude
¢, = Cr— L Ay fo
= — —— b s IR
T TP -1 A
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Multiphase has been applied to inductive & SC

Output capacitance is also
determined by the required
output iImpedance

Only applicable to power
distribution case 2
(shared output node)
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Conclusions

No clear advantage for either kind of converter in terms
of efficiency vs. power density.

All the reported integrated inductive converters concentrate
In the high range of output power.

Inductive converters don’t scale size and output power
as well as switched capacitor converters.

Switched-capacitor power converters look more
promising for distributed power supplies.

Multiphase approach improves the performance of both
kind of converters but it can not always be applied.
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