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Abstract This paper reviews the state-of-the-art of high
switching frequency, integrated DC-DC converters and
presents the main trade-offs and challenges emerging from
this review. Various converter structures (1-phase buck,
2-phase buck, 2-phase coupled buck and 3-level converter)
are then discussed and analyzed through simulation from a
losses point-of-view. Considering the review, the archi-
tecture analysis and the technology model, 4 converters are
designed for a given set of specifications: 3.3-1.2 V, 280
mA output current at high switching frequency (100-200
MHz) in 40 nm bulk CMOS. A cascode power stage is used
in order to enhance power conversion efficiency, and
1-phase and 2-phase structures are designed. Post-layout
simulation results are presented, showing an efficiency
above 90 % for a 2-phase converter.

Keywords DC-DC conversion - High frequency -
CMOS - State-of-the-art - Low voltage - Buck

1 Introduction

Voltage conversion is a key enabler for large digital SoCs
(Systems-on-Chip). There is a need to get the converter
closer to its load in order to reduce resistive losses through
PCB (Printed Circuit Board) traces, enable dynamic volt-
age scaling for more energy efficient computation and
reduce footprint by depopulating the PCB. This translates
into the need of integrated power conversion, either in
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package or on chip (respectively referred to as PSiP for
Power Supply in Package and PSoC for Power Supply on
Chip) and implies the use of advanced digital CMOS
Complementary Metal-Oxide-Semiconductor) for power.

Several solutions are proposed to achieve power supply
integration. The switched-capacitor approach allows to
eliminate the inductors as it uses only capacitors as energy
storage components, which are easily integrated within
CMOS technology. However, in order to achieve high
efficiency, capacitors must remain almost fully charged
during operation as charging and discharging a capacitor is
intrinsically lossy [36]. SC (Switched-Capacitor) convert-
ers are then limited when there is a need to supply a high
current as the required capacitors become too large. There
is also a lack of global stability analysis on SC converters
[29], and regulation of SC converters is not straightfor-
ward. The other approach is the use of inductor-based
converters. Their main drawback is the need for an
inductor, which is not easily integrated within CMOS
technologies.

The design target is an inductor-based DC-DC con-
verter, converting 3.3-1.2 V, 350 mW output power, with a
very high switching frequency (100-200 MHz). These
design specifications are classical motherboard to micro-
controller core power supply. The high switching fre-
quency helps achieving low passive components values,
but impacts negatively the efficiency. The goal is to inte-
grate the converter with its digital load, so the manufac-
turing technology must be an advanced, low voltage
technology, raising issues in terms of voltage capability
(gate oxide dielectric strength, maximum drain-to-source
voltage).

The passive components (namely the inductors and the
capacitors) are manufactured using dedicated low-cost,
high-density processes. The inductors are using magnetics
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on silicon technologies [20] as air-core inductors are pro-
hibited so far because of EMI (ElectroMagnetic Interfer-
ences) issues. The capacitors used are deep-trench devices
embedded inside a passive interposer [15]. The use of this
passive interposer to interconnect all passive components
helps reducing routing parasitics and improves the decou-
pling effectiveness. This heterogeneous approach of using
dedicated technologies for each components allows for
better components optimization and limited cost impact as
using advanced CMOS technology for passive components
manufacturing would require a lot of area.

An analysis is carried out on the current state-of-the-art
of low voltage, high frequency, inductive converters in
Sect. 2. Section 3 presents a losses model utilized to
evaluate both architecture and CMOS technology perfor-
mances in terms of conversion efficiency. Based on this, a
solution is proposed in Sect. 4 using 40 nm bulk CMOS
technology, and performance is analyzed based on post-
layout  simulations and passive models from
characterization.

2 State-of-the-art review

The review focuses on steady-state performances, effi-
ciency being the main indicator. In order to have compa-
rable metrics, the scope of the review has been limited to
low input voltage (below 5 V), low output power (below
5 W), high switching frequency (above 10 MHz) non-iso-
lated step-down inductive DC-DC converters. This scope
has been chosen to enclose the design specifications.
Table 1 summarizes the scope of the review.

2.1 Methodology
The first step of a review is to define metrics that can cover
most of the converters without loosing too much infor-

mation. Transient aspects have been knowingly excluded
from the review as transient performances are very

Table 1 Scope of the review

Value Unit
Number of papers 33 -
Year range 2004-2014 -
Frequency range 10 -660 MHz
Technology range 22-500 nm
Input voltage range 1.1-5 v
Output voltage range 0.6-3.3 \
Power range 55-5000 mW

dependent on the test conditions. Thermal aspects are also
not considered as the studied DC-DC converters present
losses well below 10 W/cm? so thermal drain approaches
are generally sufficient.

The discussed fundamental metrics are the following:
the input and output voltage, the output current, the output
inductance and capacitance and the switching frequency. In
addition to that, the technology node and the total converter
area (when available) are also discussed. These metrics can
be divided into three groups: the functional specifications
(input and output voltage, output current and technology
node), the performances (efficiency and area) and the
design parameters for the rest of the metrics. Additional
metrics can be derived from these elementary metrics, such
as conversion ratio, output power, power conversion effi-
ciency, or even more intricate indicators such as the Effi-
ciency Enhancement Factor (EEF) defined in [34]. All the
metrics are summarized in Table 2.

Landscapes of related metrics highlight various trends,
design trade-offs and challenges.

2.2 Landscapes

Figure 1 plots for each studied converter its output filter
natural frequency (y-axis) versus its switching frequency
(x-axis). Dots are parametrized with the number of phases
of the converter. The plot clearly shows that increasing the
switching frequency leads to an increase in the output filter
natural frequency, thus reduces the components values of
the output filter (output inductance and/or capacitance).
Reducing the components values helps make them smaller,
thus it is a step toward more integration (either in package
or monolithically).However, going to a higher switching
frequency increases the switching losses, reducing the

Table 2 Metrics for the review

Name Symbol Unit Definition
Efficiency n % Pour/Piv
Switching frequency Fsw MHz -
Technology node - nm -

Input voltage Vin v -

Output voltage Vour \'% -

Output current lour mA -
Conversion ratio o - Vour/Vin
Output power Pour mW Vour XIour
Output capacitance Cour nF -

Number of phases Npy - -

Phase inductance Lpy nH -

Filter frequency Fic GHz 1/2n/Lpy Cour
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Fig. 2 Efficiency versus switching frequency, parametrized with
conversion ratio

converter efficiency. This impact is deduced from Fig. 2,
where the efficiency is plotted along with the switching
frequency. The dots are parametrized with the conversion
ratio. For a given conversion ratio, the efficiency tends to
drop when the switching frequency increases. Ref. [2] (660
MHz, 0.455 conversion ratio) does not appear in the graph
as it is not in the range of the vertical axis. Its efficiency is
31 %, which confirms the efficiency decrease with the
frequency.

Another reading of this plot is the impact of the con-
version ratio on the efficiency: at a given switching fre-
quency, converters with lower conversion ratio tend to
have a lower efficiency. This trend can be interpreted by
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Fig. 3 Efficiency Enhancement Factor versus switching frequency

evaluating the efficiency gap between the converter and a
hypothetical linear converter operating in the same condi-
tions. In a first approximation, the efficiency of a linear
converter is equal to the conversion ratio. For a given
converter, having a high efficiency will put it further from
the linear case if the conversion ratio is small.In order to be
able to compare various converters against one another, it
becomes necessary to use a figure of merit that takes into
account both the efficiency and the conversion ratio. The
EEF (Efficiency Enhancement Factor, in %) is defined as
the power difference between the hypothetical linear con-
verter and the actual converter, divided by the input power
of the hypothetical linear converter, considering the same
conversion conditions (input and output voltage, output
power).

Figure 3 plots the EEF of each converter (calculated
according to [34]) against the switching frequency. The
maximum achieved EEF tends to reduce when the
switching frequency increases, confirming the negative
impact of switching frequency on conversion perfor-
mance.The landscape in Fig. 4 presents the converter
efficiency with respect to the output power. Most of the
converters are targeting the 100-to-1000 mW power range.
When considering the impact of output power on conver-
sion efficiency, no trend can be identified. This means that
output power is not a decisive metric for power effi-
ciency.When looking at integrated DC-DC converters, a
crucial parameter is the manufacturing technology of the
active components. Figures 5 and 6 illustrate how the
technology impacts the converters. Figure 5 places the
efficiency of each converter against its manufacturing
technology (active components). The points are para-
metrized with the switching frequency, as it impacts the
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Fig. 5 Efficiency versus switching technology node, parametrized
with switching frequency

efficiency. The global trend is that thinner technologies
enable higher efficiencies. Furthermore, the use of more
advanced technologies also allows for operating at higher
switching frequencies.However, as technology shrinks,
converters tends to operate with a lower input voltage.
Figure 6 plots the input voltage of the converters with
respect to their manufacturing technology. There is a
noticeable trend that the maximum input voltage for each
node is decreasing with the shrinking. Transistors in
advanced technologies have shorter gate length and thinner
gate oxide, thus maximum operating voltage is
reduced.Major design trade-offs appear to be the following:

@ Springer
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Fig. 6 Input voltage versus technology node

for a given set of specifications (input and output voltage,
output power), a high switching frequency is required to
reduce the output filter (in terms of components values). If
the conversion ratio is small, achieving high efficiency is
hard, especially if the switching frequency is really high.
However, using an advanced technology helps reducing the
losses and achieving high efficiency, but challenges arise
when the converter input voltage is higher than the nominal
technology voltage.

3 Model of losses

A model of losses has been developed in order to evaluate
both the technology and the potential converter architec-
tures regarding the design target. Each architecture has
been evaluated in a first time considering only passive
components losses and assuming ideal switches (no
switching and on-state conduction losses). In a second
time, only active components losses are considered,
assuming ideal passive components. This two-pass
approach allows for simple losses decoupling but is valid
only if impact of both passive and active components on
the current and voltage waveforms is limited. The losses of
active components have been evaluated using classical
metrics from the technology (on-state resistance, gate
charge and drain-to-source capacitance).

3.1 Architecture evaluation

The architectures considered are 1-phase, 2-phase (un-
coupled and coupled) synchronous bucks and 3-level
converter, depicted in Figs. 7, 8, and 9 respectively, with
waveforms respectively shown in Figs. 10, 11, 12, and 13.
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All architectures are evaluated assuming the following
conditions: input current (I;y) is constant, switches are
considered as ideal (no on-state resistance and switching
losses), dead-time is reduced to O and the load is a constant
current source. In order to develop equations of the circuits,
the ESL (Equivalent Series Inductance) of the capacitors
are omitted.

The steady-state equations are derived assuming a
constant output voltage and the impact of the parasitic
resistors on the waveforms is neglected. The converter

Fig. 7 1-phase buck converter with parasitic elements on passive
components

Fig. 8 2-phase buck converter with parasitic elements on passive
components
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Fig. 10 Current and voltage waveforms for a 1-phase buck converter
in CCM

efficiency is assumed to tend to 100 %, giving the fol-
lowing relations:

Vour =ax Viy, Iy =a X lour (1)

3.1.1 One-phase converter

During the time between 0 and o7, the high-side switch is
on (closed), and the low side switch is off (opened). The
voltage across the inductor is V;y — Vgyr. Only continuous
conduction mode is considered, discontinuous conduction
mode is not discussed here. The current increase through
the inductor is calculated with:

df,
Vin — Vour = Lpu X # (2)
V[N x T
Al7 =a(l —a)——— 3
fy = a1 =) g

The average current in the inductor is equal to the output
current. The RMS (Root Mean Square) current through the
inductor is calculated as follows:

AR

2 2 L
Tems 1,y = Tour + 1zPH (4)

The current through the output capacitor for a 1-phase buck
is only the AC component of the inductor current. The
RMS current through the output capacitor is:

AL}

2 Lpy
IRMS_CUUT = 12 (5)

During low-side conduction, the current through the input
capacitor is equal to the input current. During high-side
conduction, the current through the input capacitor is the
difference between the input current and the inductor cur-
rent. The RMS current through the input capacitor for a
1-phase buck is:

2

Al
Dl + 2 (6)

IlzeMS_C,N = o(l —

Passive component losses in a 1-phase buck converter can
then be calculated taking into account ESR (Equivalent
Series Resistance) of input and output capacitor and ESR
of phase inductor.

AL
12 (OCRCIN + RC(JUT + RLPH)

+ ]éUT(“(l - O()RCIN + RLPH)

Ppas_1ph =

(7)

Equation (7) shows that losses in a 1-phase buck converter
depend on 2 major metrics: the phase current ripple and the
output current. The phase current ripple is defined by (3),
and depends on switching frequency, inductance value and
input voltage. When considering only passive components
losses, a higher switching frequency helps reducing losses.

@ Springer



206

Analog Integr Circ Sig Process (2016) 87:201-211

3.1.2 Two-phase converter

In a 2-phase buck converter, the current phase ripple is the
same than the current ripple in 1-phase buck converter,
defined by (3). Thus RMS phase current is:
2 2

IIZeMS Loy — I_OUT —AILPHa (8)

—LpPH 4 12
the RMS current through the output capacitor is (for
x<0.5):

2 2
12 — (1 - 20‘) AILPH (9)
RMS_Cour (1 . O()2 12 °

and the RMS current through the input capacitor is (for
x<0.5):

2

Ijms_ciy =

I AL} (10)
2a(adour — 2252 4+ (1 — 20) I3 + 20—

2 12

Losses in a 2-phase buck converter are then:

AL 1—2a)°
PPAS_zPh = ]L2PH ( OCRCIN + ((l_a))zRCOUT + 2RLPH)

+ 127 (2(0.5 — 2)Rc,, +0.5R;,,)
(11)

Using (7) and (11) it is possible to calculate the losses
variation when going from a 1-phase to a 2-phase buck
converter. It comes:

Pouin = Ppas_1pn — Pras_oph (12)

Pgai" = I(2)UT(O'50(RC1N + O'SRLPH)
Al} a(2 — 3a)
TPH (_ RCIN + WRCOUT - RLPH)

(13)

Equation (13) shows that some losses components are
decreasing while some others are increasing. However,
even with a negligible R¢,,,, Pgain is positive until Al;,,
reaches v6 x Ioyr, condition which is never satisfied in
continuous conduction mode — at the limit, Al;,, is equal to
2 X IOUT'

3.1.3 Two-phase coupled converter
Figure 12 depicts the current and voltage waveforms for a
2-phase coupled buck converter.

The currents through the coupled inductors are defined
with the following system:

@ Springer

df dig,,,

Vixi = Lpg1 X (L{;m + kv LpriLpray ¥ g;”
(14)

dl PH d, PH

Vixa = Lpuy X gt 2+ kv/Lppi Lppn %X gt l

Solving this system gives the current variation for the
different operating times (0 <7<aT, and o7 <t<T/2,
assuming o <0.5).

0!(1 — OC(l — k)) Vin xT

Al = 15

I e Lo (15)
—oc(k + O{(l — k)) Vin xT

AL = 16

: 1— 42 Lex (16)

All — AIZ _ —OC(O.S — M) Vin xT (17)
2 l+k  Lpy

The optimum coupling factor that minimizes the total
current ripple (equal to Alj,,, ) is:

VvV1—=20+0—1 (18)

k{nl =
¢ o

The RMS current through the phase inductor is then:

Ipy (A) -A-
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Fig. 11 Current and voltage waveforms for a 2-phase buck converter
in CCM
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Fig. 12 Current and voltage waveforms of a 2-phase coupled buck
converter in CCM
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IIZeMS L 2 2 AI%
12 _Lpmi A12 Alz IRMS_CFLY =20 IOUT + 15” (23)
our 1 2
4 T'm Tt T
(19) The RMS current through the input capacitor is:

(1 20() (AI] — Alz)z + ( OCV[NT >2 )

48 4(1 — k)Lpy IIZQMS_CIN =o(l — a)IéUT +u 1L2PH (24)

The RMS current through the input capacitor is:

IéMs_c,N =
2
I AL} (20)
2u (IHV - 02UT> +(1 =201, + 20(1—21

So passive components losses of a 2-phase coupled buck
are calculated as

_ 2 2
Ppas_sph—cpt = Rewlrus ey + Reovrlrms_copr

2
+ 2RLPH IRMS_LPH

(21)

Comparing losses from (21) for a converter with an opti-
mum coupling factor [calculated using (18)] against the
losses of a non-coupled 2-phase converter (11) gives an
advantage to the coupled structure.

3.1.4 Three-level converter

In a 3-level converter, the frequency seen by the inductor is
twice the switching frequency, and the voltage swing at the
input of the inductor is half the input voltage. Voltage and
current waveforms are depicted in Fig. 13, for a duty cycle
below 0.5. The inductor current ripple is equal to:

Viy X T
Al = (0.5 = ) = ly (22)
‘PH

As this converter is operating with one phase, inductor and
output capacitor RMS currents are calculated with the same
equations than for a single phase buck converter [Egs. (4)
and (5) respectively]. The only difference is the current
ripple value, lower in a 3-level converter.

The RMS current through the flying capacitor is:

Ipgy (A) -A-
Ieqy (A)
Vix (V) -A-
Toyr+Al2 DA B A-AL A—-A—A-A-%‘ ,,,,,,,,,,,,,, 3 Vin/2
Na /A/A \a
_ Tour e & A g —~
< - NPt >
S Iour-AlR2 4= <
= 0 - w-A-mA] 0 2
S Tour+Al2 ‘ =
= o
O Tour >
Tour-Al2 ;
0 oT T/2 T/2+0T T
Time (s)

Fig. 13 Current and voltage waveforms for a 3-level buck converter
in CCM

Total losses of a passive components in 3-level converter
are then:

PPAS_3IVI = RC[NIIZQMSAC,N + RCOUTliMSACOUT (25)

+ RCFLyI12eMS_CFLy + RLPHII%MS_LPH
Except for the flying capacitor, all losses contributors in
(25) are lower than the ones in a l-phase buck as the
current ripple is reduced. The performance gain of this
converter will be strongly dependent on the ESR of the
flying capacitor.

3.2 Active technology evaluation

Switches have conduction and switching losses. Conduc-
tion losses are modeled with the on-state resistance (Rps,,,)
of the switch and switching losses with the gate charge
(Qg) and drain-to-source capacitance (Cps). The gate
charge includes the gate-to-source, gate-to-drain and gate-
to-body capacitances. Merging these capacitances into a
single charge value allows for a simple analytic losses
model of the technology, sacrificing a bit of accuracy.

3.2.1 Evaluation of losses

Losses are calculated for a complete switching cycle (turn-
on and turn-off) for a switch with a given gate voltage
swing (Vgs), drain-to-source voltage swing (Vpg), and a
drain current (Ipg). The conduction losses are the ohmic
losses of the on-state resistor:

Pconp = Rps,y X 112eMs_Ds (26)

During a switching cycle, the gate capacitance is charged
up to the energy of 0.5 X Qg X Vs with a charging effi-
ciency of 50 % (charging of a fully discharged capacitor
with a constant voltage source), and then fully discharged.
Thus switching losses due to gate charge are (assuming no
charge recycling mechanism):

Psw_c = Oc % Vgs (27)

In the same way, the drain-to-source capacitance is charged
with the energy of 0.5 x Cpg X Vpg at the beginning of the
switching cycle. Then it is fully discharged through the
switch, and then charged again with an energy of 0.5 X
Cps % Vps with a charging efficiency of 50 %. In a syn-
chronous buck, the drain-to-source voltage swing is equal
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to the input voltage. Switching losses due to drain-to-
source capacitance are then:

Psw_ps = Cps x Vi (28)

3.2.2 CMOS devices evaluation

In order to choose the switch that could achieve best effi-
ciency prior to design, it is necessary to evaluate the switch
performances with simple simulations. The metrics are the
gate charge and the on-state resistance for a given gate-to-
source voltage. MOSFETSs are compared using normalized
values with respect to MOSFET width (gate charge in
fF/wm and on-state resistance in kQ-pm). MOSFET losses
are then:

Rpsoy

Pyos = Qg X Vgs X Wyos + WX 112€MS_DS (29)
s

Optimal MOSFET width is equal to:

RDSON X II%MS DS
Witos = || ——2y — RMS_DS (30
mos 0 % Vgs )

Thus minimal achievable losses are equal to:
Pros = 2 X Irus_ps\/Rpsey % O X Vis (31)

Three MOSFET types are studied: 5, 3.3, and 1.2 V
devices. The optimal MOSFET is the one that minimizes
the product Rps,, - Q¢ - Vgs. Keeping Vis in the expres-
sion allows for performance evaluation of reduced voltage
swing. Rps,, and Qg have been measured in simulation
from available devices. Figure 14 shows the simulation
circuits to extract gate charge and on-state resistance for a
N-MOS device. The on-state resistance is computed using
a DC simulation and measuring both drain-to-source cur-
rent and voltage for a given gate-to-source voltage. The
gate charge is computed using a transient simulation and
integrating the gate current over time.Figure 15 depicts the
performance metrics of the N-type devices. Most power
efficient devices are found in the lower left corner, least
efficient devices in the upper right corner. Diagonal lines
are iso-losses lines. This figure shows that three 1.2 V
devices in series (having 3 times the on-state resistance and
3 times the gate energy of a single device) present a better

1T &

Fig. 14 Simulation circuits for on-state resistance (leff) and gate
charge (right) measurements
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Fig. 15 Power efficiency figure of merit of NMOS devices in 40 nm
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power efficiency than a single 3.3 V device, while being
able to withstand up to 3.6 V (3x1.2 V).A power stage
using three MOSFETs in series can then fulfill the
requirements. This power stage is referred to a cascode
power stage. Figure 16 depicts a standard and a cascode
power stage. A cascode power stage requires 3 driver lines
in order to ensure a proper switching sequence.

4 Proposed solution

Based on architecture and technology considerations
developed in Sect. 3, various converters have been
designed in order to assert model relevance. Converters are
optimized to achieve best efficiency at nominal power
point (3.3-1.2 V, 280 mA output current, based on the
specifications presented in Sect. 1). Designed converters
are the following:

— l-phase standard buck at 200 MHz (3.3 V devices),
— l-phase cascode buck at 200 MHz (1.2 V devices),
— 2-phase standard buck at 100 MHz (3.3 V devices),
— 2-phase cascode buck at 100 MHz (1.2 V devices).
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Fig. 16 Standard (left) and cascode (right) power stage
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Table 3 Model-based and Cadence-based optimization results for
standard and cascode power stages

1-phase (pum) 2-phase (pm)

Wp Wy Wp Wn
Standard power stages
Model-based 10,372 7296 7179 5370
Cadence-based 10,200 7650 7200 5400
Cascode power stages
Model-based 14,357 7706 10,763 5560
Cadence-based 14,880 6360 12,600 5400

4.1 Power stage optimization

In a first step, optimal MOSFETs width is computed using
analytical equations developed in Sect. 3.2. Passive com-
ponents losses are not considered in this optimization and
the inductor value is considered sufficient enough to
neglect current ripple contribution to losses. MOSFET
losses are computed using (26), (27) and (28). Gate voltage
swing is equal to 2 V. In order to optimize the cascode
power stages, the same model is used, based on the the
low-voltage devices characterization which is scaled to
represent the 3 MOSFET in series: 3 x Rps,,, 3 X Qg X
VGS and CDS/3-

A global optimization is then carried out in the Cadence
Virtuoso design environment on the selected converter
structure. Optimization aims to maximize converter effi-
ciency at the nominal power point. Table 3 summarizes
optimization results in terms of MOSFET width for con-
verters with standard and cascode power stage.Optimiza-
tion results are consistent with model-based optimization.
Model of losses based on Rps,,, Q¢ X Vgs and Cps allows
for an accurate converter design for converter with a
standard power stage. The model is also consistent for
converters with a cascode power stage, but less accurate.
The issue is that the model only takes into account the 2x3
power MOSFETs, while Cadence-based optimization
includes all MOSFETs shown in Fig. 16.

4.2 Design and simulation results

The previously optimized converters have been designed
and laid out using the CMOS 40 nm bulk technology in
Cadence Virtuoso. Parasitic elements (resistors and
capacitors) have been extracted from layout and taken into
account in simulations.

As transient Post-Layout Simulation (PLS) of the full
converter is time consuming, converter circuits have been
limited to active components only. Impact of losses com-
ponents can be calculated using equations developed in
Sect. 3.1. Output filter has been replaced by a constant
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Fig. 17 Post-layout efficiency of active components of converters

current source. All active components are included: current
references, level shifters, drivers and power stage, as well
as all metal routing. Converters are simulated in open loop.
The output voltage is calculated as the average of the Vix
node. Figure 17 presents PLS efficiency of designed con-
verters at nominal output current (280 mA). 1-phase con-
verters are switching at 200 MHz and 2-phase converters at
100 MHz. Converters with cascode power stage presents a
significantly better efficiency, confirming the interest of
using low voltage devices in series in order to operate at
higher voltage.

5 Conclusion and perspectives

Based on practical implementations and analytical models
of converters and technology, various high frequency DC-
DC converters have been designed. The interest of multi-
phase converters has been demonstrated, along with the use
of a cascode power stage. A cascode power cell allows for
power circuits to benefit from technology shrinking and
pushes efficiency significantly higher than standard power
cell. Chip measurements should confirm post-layout trends.
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