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A 1.65W Fully Integrated 90nm Bulk CMOS
Capacitive DC-DC Converter with

Intrinsic Charge Recycling
Hans Meyvaert, Student Member, IEEE, Tom Van Breussegem and Michiel Steyaert, Fellow, IEEE

Abstract—A fully integrated high power density capacitive 2:1
step-down DC-DC converter is designed in a standard CMOS
technology. The converter implements the presented Flying Well
technique and Intrinsic Charge Recycling technique to deliver a
maximum output power of 1.65W on a chip area of 2.14mm2,
resulting in a power conversion density of 0.77W/mm2. A peak
power conversion efficiency of 69% is achieved, leading to an
efficiency enhancement factor of +36% w.r.t. a linear regulator.
This for a voltage step-down conversion from twice the nominal
supply voltage of a 90nm technology (2Vdd = 2.4V ) to 1V .

Index Terms—Fully integrated, power converter, switched-
capacitor, capacitive, DC-DC converter, Intrinsic Charge Recy-
cling

I. INTRODUCTION

RECENT trends show that the power management
unit (PMU) to supply System-on-Chip (SoC) designs

is undergoing a transformation and is taking a leap towards
monolithic integration. This is a necessary evolution since
modern electronic systems rely on a broad spectrum of power
management techniques to save power.

A lot of these techniques imply the real time regulation of
the supply voltage or the presence of multiple supply rails in a
single application [1]. Another issue of the PMU is its output
impedance and the power grid impedance that is becoming
more problematic as circuit supply voltages decrease as this
leads to larger supply currents and increased Ohmic losses
[2] [3]. All these concerns can be better addressed by means
of a number of distributed high performance integrated DC-
DC converters as opposed to multiple external converters with
complex routing to the chip taking up PCB board space and
package pins.

DC-DC converters that intend to face this challenge should
demonstrate high efficiency compared to traditional linear
regulation and have a small form factor, i.e. high power
density. To obtain such a compact and compatible solution,
this paper investigates the opportunities to integrate the DC-
DC converter in the same standard CMOS technology as the
system to be supplied, maximizing the added value of an
integrated solution [4]. This approach has the advantage that
a portion of the external bulky components and their intercon-
nections are no longer required. On top of that, integrated DC-
DC converters can be implemented employing state-of-the-art
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circuit techniques such as fragmented operation (interleaving)
that proved to be impractical earlier due to a high component
count [5].

When integrating conventional DC-DC converters - buck,
boost - in a CMOS process, the quality factor of integrated
inductors becomes a huge problem. The equivalent series
resistance (ESR) of the inductor induces large losses but also
the parasitic capacitive coupling between the inductor and the
substrate deteriorate the converter’s efficiency. State-of-the-
art designs in the literature prove that relatively high power
densities can be achieved, but at the cost of efficiency [6] [7].

Next to inductive based DC-DC converters, capacitive DC-
DC converters are gaining interest. In the past they were
used for low current, high conversion ratio applications in
which efficiency was of secondary importance [8]. These
capacitive converters use nothing but switches and capacitors
to perform fixed voltage conversions, according to the number
of capacitors in the converter topology [9]. Behavioral [10] and
State Space models [11] characterize the capacitive converter’s
output impedance allowing straightforward design. Recently
fully integrated capacitive converters appeared reporting both a
high power density and a high efficiency using the advantages
of SOI technology [12] and exploiting the capacitance density
of deep trenches [13]. Although their baseline CMOS counter-
parts show high efficiency, they stay behind in power density
[14] [15] due to typical limitations resulting from a CMOS
implementation. The presented converter employs the Flying
Well and Intrinsic Charge Recycling techniques to overcome
these drawbacks and demonstrates that these enhancements
enable improved specifications, achieving a power density of
0.77W/mm2 and an efficiency of 69%.

II. TOPOLOGY AND TECHNIQUES

A. Operation

The topology of the capacitive converter’s power conversion
core is shown in Fig. 1. It is built up with 4 switches (M1−
M4) and a charge transfer capacitor (Cfly) to transfer charge
from input to output in a 2-phase alternated operation. For
sake of simplicity the input voltage is ideal and the output
capacitor Co is infinite. Even though this topology is intended
to perform a 2:1 step-down, the output voltage Vo is lower than
half of the input voltage Vi. This voltage drop VRo

is caused
by the voltage divider formed by the output impedance Ro

of the converter and the load impedance RL (Fig. 5) and this
ratio is denoted by parameter γ. Thus Vo = γ Vi

2 = γVo,id, in
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Fig. 1. Power conversion cell topology.

which Vo,id is the ideal output voltage when no load current
is present and consequently no voltage drop over Ro occurs.

During phase (Φa) the flying capacitor is switched between
the input terminal (Vi) and the output terminal (Vo) by closing
switches M1 and M2. Hereby Cfly is charged to a voltage
Vi − Vo, which is 2VRo

larger than Vo due to the non-
zero output impedance as explained above. At the same time
charge is delivered to the load because the flying capacitor
is charged in series with the output. In the next phase (Φb),
the charge transfer capacitor Cfly is relocated between the
output terminal and ground by closing M3 and M4. Cfly

discharges into the output and again charge is delivered.
Each conversion cycle Cfly is charged and discharged by the
voltage difference ∆VCfly

= 2(Vo,id − Vo) = 2VRo
. It is this

voltage variation that is responsible for the charge transfer.
Continuously alternating between these 2 phases results in an
output current being supplied to the load.

B. CMOS integration difficulties

Parasitic effects have a large impact on the design of
CMOS integrated capacitive converters. Especially the ESR of
the flying capacitor (RESR,Cfly

) and the parasitic capacitor
Cpar(= αCfly) between the bottom plate and the substrate
decrease efficiency and limit the maximum output power. Due
to their high capacitance density in comparison to other types
of integrated capacitors, MOS capacitors were selected for
implementation. Unfortunately these capacitors are also the
ones that suffer most from the parasitic effects.

On one hand the conductive inversion channel plate of a
MOScap imposes a substantial contribution to its equivalent
series resistance RESR,Cfly

. This can however be decreased
in layout by tuning the W/L ratio of the MOScap. At the cost
of a decreased capacitance density, due to fixed drain/source
diffusion overhead in layout that do not contribute to the
MOScap capacitance, the equivalent series resistance can be
lowered by decreasing the channel length. On the other hand
the conductive channel is closely embedded in the substrate
and exhibits a high parasitic coupling α. Two techniques are
proposed to provide a workaround in standard CMOS. The
bottom plate parasitic coupling α in this design is reduced by
means of the Flying Well technique. The remaining bottom
plate parasitic capacitor is exploited to increase the power
density by the Intrinsic Charge Recycling (ICR) technique.
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Fig. 2. Flying Well biasing technique. D/S to N-well junction shorted. Bulk
to N-well junction is new Cpar .
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Fig. 3. Intrinsic Charge Recycling technique. (a) regular case where Cpar

is connected to the negative terminal of the flying capacitor Cfly,−. (b)
ICR case: Cpar is connected to the positive terminal of the flying capacitor
Cfly,+.

C. Flying Well Technique

The Flying Well technique lowers the parasitic capacitive
coupling to the substrate by biasing the body well such that the
regular parasitic capacitance is traded in for a smaller capaci-
tance. The regular parasitic, in case of a PMOScap according
to Fig. 2, is mainly formed by the junction capacitance of
the drain/source terminals to the n-well body of the transistor.
Opposed to tying the n-well to a fixed bias voltage (2Vdd),
in this approach the n-well is connected to the drain/source
terminals of the PMOScap as shown in Fig. 2. This shorts the
drain/source to n-well junction capacitor, eliminating it. The
parasitic capacitance hereby shifts to the capacitor formed by
the n-well to bulk junction. This junction capacitance however
is much smaller and thus the parasitic coupling is reduced from
over 5% of Cfly to α = 1.3% as demonstrated by simulation
results in the case of this converter.

D. Intrinsic Charge Recycling Technique

Even though the use of the Flying Well technique reduces
the parasitic coupling considerably, the remaining parasitic
effect still limits the maximum achievable efficiency of the
converter in comparison to technologies such as SOI, which
inherently suffer less from substrate coupling due to the
absence of a semiconductor substrate. The Intrinsic Charge
Recycling technique reverses this loss into a recycled benefit.



The aim is to recuperate charge that is stored on the parasitic
capacitor and direct it to the output instead of it being wasted
towards ground. Fig. 3 shows the difference when the parasitic
capacitor is present at the negative terminal of the charge
transfer capacitor Cfly (a) or when it is connected to the
positive terminal of Cfly (b). In case (a), Cpar is first charged
during Φa by the output terminal and is discharged in Φb, as
Cfly is relocated between output and ground. Alternatively,
in case (b) when the parasitic capacitor Cpar is present at
the positive voltage terminal, Cpar is charged by the input in
during Φa. Afterwards in Φb the parasitic capacitor discharges
into the output. The charge stored on the parasitic capacitor
is not lost, it is delivered to the output instead. Hereby the
output power is increased.

There is however a difference in the charge transportation
efficiency from input to output by Cfly and Cpar. During a
charge/discharge cycle the voltage difference, that the flying
capacitor is subjected to, is approximately equal to twice the
voltage drop over the output impedance (∆VCfly

= 2VRo )
which is supposed to be small (set by voltage division ratio
γ) and therefore only a small amount of energy Cfly∆V 2

Cfly

is lost. This leads to a very efficient conversion with γ
as the theoretical upper boundary. The conversion that is
performed by recycling charge from the parasitic capacitor
is less efficient due to the voltage variation seen by this
capacitor being larger and approximately equal to (V i

2 +VRo ).
Hereby the conversion contribution of this capacitor equals
that of a switched-capacitor resistor and the efficiency of such
a conversion is like that of a linear regulator. Even though the
conversion associated to the recycling is less efficient than that
of the natural converter operation, it is important to note that
by applying Intrinsic Charge Recycling in the converter the
output impedance is decreased instead of being increased.

The performance enhancement realized by using this strat-
egy is that for the same switching frequency the output power
will be higher or alternatively that the same output power
can be obtained with a lower switching frequency, thus a
higher efficiency. Simulations showed that in the case of this
prototype converter the output impedance was reduced by
5%. Intrinsic Charge Recycling can easily be established in
CMOS by using PMOScaps as the positive capacitor terminal
is formed by the inversion channel, closely embedded in the
substrate.

The location of the parasitic capacitor also has consequences
from an energy point of view. Considering the ICR case, it
is seen that the parasitic capacitor Cpar in Fig. 3b swings
with an amplitude, Vhigh− Vlow, approximately (ignoring the
output impedance voltage drop) equal to the amplitude of the
regular case of Fig. 3a, ∆VCpar,ICR

≈ ∆VCpar,REG
. But in the

ICR case this occurs at higher absolute voltages. This means
that more energy is lost per converter cycle in the Intrinsic
Charge Recycling case. However, the ICR case offers in return
the recycling benefits otherwise not present because Cpar is
charged by the input and this charge is transferred to output,
as opposed to Cpar being charged by the output (charge that
has already been transferred at a finite conversion efficiency)
and then lost to ground as in the regular case.

To investigate the system performance improvement of
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Fig. 4. Intrinsic Charge Recycling trade-off. Independent of Cpar and Vo,id,
Intrinsic Charge Recycling will perform better then the regular case when γ
is above 0.8.

Intrinsic Charge Recycling, the output energy benefit must be
compared to the input energy cost. The energy associated to
the parasitic capacitor in the regular and ICR case are given
in Eq. 1 and Eq. 2 respectively.

Ei,Cpar,REG
= CparV

2
o,idγ

2 (1)

Ei,Cpar,ICR
= CparV

2
o,id(4− 2γ) (2)

With the energy in the regular case already transferred to
output at a finite efficiency limited to γ, the energy difference
seen by the input is given by Eq. 3.

∆Ei = CparV
2
o,id(4− 2γ)−

CparV
2
o,idγ

2

γ
(3)

When looking at both cases regarding the difference in
energy at the output, the energy associated to the regular and
the ICR case are given in Eq. 4 and Eq. 5 respectively.

Eo,Cpar,REG
= CparV

2
o,idγ

2 (4)

Eo,Cpar,ICR
= CparV

2
o,id(γ2 − 2γ) (5)

The difference between both cases referred to the output
is then given by the sum of −Eo,Cpar,ICR

and Eo,Cpar,REG

(Eq. 6), since the regular case removes charge from the output
unlike the ICR case.

∆Eo = −Eo,Cpar,ICR
+ Eo,Cpar,REG

= CparV
2
o,id2γ (6)

Therefore only when the benefit in output energy is larger
than the cost in input energy it is useful to employ intrinsic
charge recycling. Combining Eq. 6 with Eq. 3 demonstrates
this trade-off. The result is given by Eq. 7:

∆Eo −∆Ei = CparV
2
o,id(5γ − 4) (7)

This concludes that the only the factor γ determines the
break even point. Fig. 4 shows that whenever γ is above
0.8 it is beneficial to employ the Intrinsic Charge Recycling
technique. Since γ also determines the theoretic maximal
efficiency, it should always be designed to be as close as
possible to 1 and thus it is always beneficial to employ the
proposed technique.



III. CONVERTER DESIGN AND OPTIMIZATION

Chip area is a costly resource, for this reason not only power
conversion efficiency should be considered when designing
an integrated converter but also power conversion density
should be maximized. This means that on a system level the
area allocated to each circuit block must minimize the power
flow losses from input to output in the converter. Therefore
it is necessary to include the additional effects of block
interconnections that are normally not part of the converter
modeling, as these resistive losses become more important due
to the high current density of power dense converters.

In [10] the contribution of the flying capacitor Cfly and the
switch on-resistances to the output impedance of the converter
is modeled. In a Slow Switching Limit (SSL) case the flying
capacitor impedance is dominant (Eq. 8), whereas in the Fast
Switching Limit (FSL) case the on-resistance of the switches
form the bottleneck given by Eq. 9.

Rssl =
∑

i

(ac,i)2

Cifsw
(8)

Rfsl = 2
∑

i

Ri(ar,i)2 (9)

Ro =
√
R2

fsl +R2
ssl (10)

Parameters ac,i and ar,i are topology specific. The output
impedance is then given by Eq. 10. However this model does
not yet include the ESR of the flying capacitor RESR,Cfly

and
metal routing resistance Rroute as shown in Fig. 5. Both these
parasitics contribute to Ro and result in Eq. 11.

Ro =
√

(Rfsl +RESR,Cfly
+Rroute)2 +R2

ssl (11)

From Eq. 8 it can be seen that the Rssl can be made small by
either using more capacitance Cfly or increasing the switching
frequency fsw. Integrating a large capacitance in CMOS is
very area consuming and thus will be the bottleneck for
power density as the switching frequency can not be chosen
arbitrarily high without compromising system efficiency. For
this reason MOScaps were selected to integrate Cfly due to
their high capacitance density of 10nF/mm2 in comparison
to the alternative MIMcap or MOMcap. Achieving high power
density requires optimal use of the available Cfly , i.e. design
RESR,Cfly

, Rroute and Rfsl to be low in comparison with
Rssl, while limiting the associated cost.

Next to the output impedance losses, Fig. 5 shows the
dynamic losses (Rdyn) as result of the switched-mode op-
eration, consisting of the gate drive losses and the flying
capacitor’s bottom plate loss. Pdyn,Cpar

scales with fsw as α
is a technology related and Cfly is chosen to fit in the target
chip area. Pdyn,switches is the associated cost of Rfsl.

Optimizing power density results in the minimizing Eq. 11
while targeting a desired minimum efficiency as secondary
objective. Fig. 6 depicts the crossover frequency shift of Ro

due to Eq. 11. Both RESR,Cfly
and Rroute have an area

impact but no cost in the dynamic power and thus they should
be designed to be much smaller than Rfsl [14][16] as this
contributes, on top of area, to dynamic losses. Regarding

Vi
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CoRLRdyn

Rroute RESR,Cfly Rssl Rfsl
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γ=
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Fig. 5. Output impedance model for switched-capacitor DC-DC, extended
with additional loss contributions.
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Fig. 6. Crossover frequency shift due to additional parasitics and the influence
of Rfsl on total losses.

losses, the ideal value of Rfsl is obtained when its associated
cost Pdyn,switches is comparable to the dominant loss caused
by Ro (Fig. 6). Indeed Rfsl (and thus Ro) should be made
smaller as long as the cost in additional dynamic power is
negligible to the dominant loss. This approach is similar to
the output impedance balancing described in [14] and includes
the effect of RESR,Cfly

and Rroute.
The above design considerations were combined into the

automatic procedure that resulted in the proposed converter
of which the specifications are later discussed in Section V.
Given a fixed area for the flying capacitor Cfly, as this is the
main area bottleneck, an optimal solution is searched for in
the design space formed by parameters RESR,Cfly

, Rroute,
Rfsl, fsw and γ.

IV. IMPLEMENTATION

The system architecture is shown in Fig. 7. The converter
is built up with power conversion cells, discussed in Section
II. These cells contain 2 voltage domains, each with a voltage
range of Vdd. Voltage domain 1 ranges from Vdd to 2Vdd and
contains transistors M1 and M3. Voltages between ground
and Vdd form voltage domain 2 and this domain includes
transistors M2 and M4. The advantage of stacking 2 voltage
domains is that the standard thin-oxide transistors (Vdd rated)
can be used, instead of the less performing thick-oxide I/O
devices (> Vdd rated). This is because each transistor only
operates within one voltage domain and undergoes a maximum
voltage swing of Vdd. Thin-oxide transistors have a better
QgRds,on and are preferred over the thick-oxide transistors if
the topology suits using voltage domains. Generally capacitive
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converters can exploit this very well as was demonstrated by
[17] in a 12V to 1.5V converter extensively implementing
multiple voltage domains. Using many voltage domains also
has consequences: level shifters are needed to pass clock
signals in between voltage domains and during start up special
care must be taken to protect the transistors from overvoltage.
In this design an integrated linear regulator, implemented
with thick-oxide devices, was included to generate an internal
supply voltage of Vdd to ensure safe startup.

Proper operation of the power conversion cell requires the
2 phases to be non-overlapping as shown in Fig. 7. A clock
signal from the ring oscillator is made non overlapping into
Φ2a and Φ2b. Because of the voltage domain approach these
non-overlapping signals also need to be present in the Vdd-
2Vdd domain. To this end the level shifter proposed in [18] was
used. Each core includes 2 level shifters to generate the level
shifted counterparts of Φ2a and Φ2b, Φ1a and Φ1b respectively.

To decrease the output voltage ripple the converter is
fragmented into 21 equal parts and are clocked out of phase.
Interleaving the 21 converter cores in this way has a double
advantageous effect. First of all the charge transfer is spread
out over 21 smaller charge and discharge currents, yielding a
decreased output voltage ripple [19] [20]. This greatly relaxes
the requirements of the output smoothing capacitor as well
as the input smoothing capacitor. Another advantage is that
the idle converter cores help smooth the input and output.
When 1 of the 21 converter cores switches between phases,
10 other converter cores are located between Vi and Vo (Φa)
and another 10 converter cores are located between Vo and
ground (Φb). Hereby the charge transfer capacitors Cfly in
the idle cores are effectively decoupling the output, with the
difference that at a later time they will also be used for charge
transfer. When the amount of interleaving is high enough

so that the idle cores are sufficient to smooth a switching
converter core, it is even no longer needed to have a dedicated
output smoothing capacitor. Valuable chip area is saved and
the power conversion density is boosted. In this prototype
converter a total of 12nF is divided over the 21 converter
cores resulting in a Cfly per core of 0.57nF . No dedicated
output capacitor was integrated and the output voltage ripple
did not exceed 8% of the output voltage in steady state. Each
converter core is provided with an out-of-phase clock signal
generated by a 21-stage voltage controlled ring oscillator
(VCO) of which the frequency can be set by an external
control voltage. For the interleaving approach to work well,
the switching action of each core should be spread out in time
with equal intervals. Small levels of phase noise in the VCO
however are not a problem because the flying capacitor Cfly is
charged/discharged with exponential decaying current pulses
and thereby the interleaving sensitivity to phase noise in the
VCO is low.

Capacitive converters, as opposed to their inductive coun-
terparts, implement a fixed Voltage Conversion Ratio (VCR)
set by the topology of the converter. The topology of Fig. 1
achieves an ideal (unloaded) VCR of 0.5 but under practical
conditions the VCR is lower due to the output impedance
being non-zero [10]. The voltage drop VRo

(set by γ) intro-
duced by this output impedance forms an upper bound for
the maximum achievable efficiency. Therefore VRo is desired
to be as low as possible. From a regulation perspective this
output impedance can also be used to generate intentional
voltage drops as to generate voltages below the ideal output
voltage of the converter topology. This is similar to adding a
linear regulator in series with the ideal converter output as the
voltage drop is generated over a series pass device. Control
of the output impedance of the capacitive converter can be
obtained by changing the switching frequency. The efficiency
of generating voltages below the ideal output voltage are thus
like that of a linear regulator. However for small deviations
below the ideal output voltage this kind of regulation provides
only a limited drop in efficiency and on top of that the overall
decrease in efficiency is being counteracted by decreased
switching losses when the output impedance is increased. For
a wider range of output voltage regulation, while maintaining
high efficiency, it is necessary for the converter to reconfigure
in a different topology with a different corresponding VCR
[21] [22].

The total circuit of the proposed converter prototype was
implemented in a 90nm Bulk CMOS technology and measures
2.14mm2. The total amount of integrated flying capacitance
is 12nF . A chip photograph is depicted in Fig. 13.

V. EXPERIMENTAL VERIFICATION

Fig. 8 shows the efficiency of the converter when a constant
output voltage of 1V is delivered to a load. This measurement
was conducted by sweeping the load current while the external
control voltage was adjusted to set the switching frequency in
order to generate 1V at the output. The load is varied from
250mW up to 1050mW and both the converter prototype
efficiency as well as the efficiency of a corresponding linear
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regulator is shown. A peak efficiency of 65% at a 1W
load is achieved. From Fig. 8 it is clear that the capacitive
converter substantially improves upon the linear regulator. The
Efficiency Enhancement Factor (EEF) introduced in [7], under
a 1W load is +36%, meaning that this prototype converter can
extend the battery lifetime with the same amount.

A measurement to capture the maximum efficiency for an
output power range of 150mW up to 1.65W is performed
in Fig. 9. For each point of load the converter efficiency
and the corresponding output voltage are plotted. This was
measured for both an input voltage of 2.4V and 2.6V . When
the converter is supplied with an input voltage of 2.4V the
converter efficiency peaks at 69%, while supplying 0.9W
to the output. In the case 2.6V is present at the input, the
converter prototype is able to deliver a maximum output power
of 1.65W , and this at a power conversion efficiency of 60%.
Both input voltage cases lead to a performance of over 60%
in a broad load power range.
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Fig. 11. Load regulation measurement. ∆iL = 529mA → ∆Vo =
−95mV : load regulation = −0.175Ω.

As mentioned earlier, capacitive converter topologies im-
plement a fixed VCR, but regulating the output impedance
is suitable for generating output voltages with only a small
deviation below the ideal output. The external control voltage
is used to set the frequency and hereby the output impedance
can be controlled by Pulse Frequency Modulation. While an
input voltage decline from 2.6V down to 2.35V is supplied
to the input of the converter as shown in Fig. 10, a constant
output voltage of 1.03V is generated while the load current
is 775mA. Both converter efficiency as well as the efficiency
of a linear regulator are plotted and the switching converter
steadily maintains an efficiency of around 65%.

The load regulation of the converter is measured in Fig. 11.
Since the converter does not have an integrated closed control
loop, the measurement is done on an open loop converter set
to switch at a single switching frequency. The load current
is stepped between 641mA and 1170mA, represented by the
lower (CH1) waveform. The upper waveform (CH2) shows
the reaction of the converter to this load variation. The load
step causes an output voltage difference of 95mV . This results



in a load regulation of −0.175Ω. The efficiency in both load
current cases was 65%.

A comparison to prior art is summarized in Table I and
Fig. 12. All converters in the comparison exhibit high power
density but each has a different technology or topology back-
ground. It is shown that this work improves upon [7] and
achieves a high output power on top of a power density
comparable to [12], although no special technology options
were used in this work and no high capacitance density feature
was available as is the case in advanced nanometer technology
nodes [23] as used in [12]. The work in [13] achieves a
very high power density but the integrated prototype only
delivers a peak output power of 8.88mW . The high power
density is due to the availability of a very large amount of
integrated capacitance made possible by a very non standard
technology addition, deep trench capacitors. While [13] only
realizes a low output power, problems such as heat dissipation
and metal routing impedance are not yet very pronounced and
thus extrapolation of the power density is optimistic if it were
to be implemented as a full 1mm2 converter delivering 7.4W,
but still very high power densities can be achieved by this
technology.

VI. CONCLUSION

The converter in this work was designed to have a maximal
power density while efficiency was still considered be a
secondary objective. To this end Section III provides insight
on the parameters and parasitic effects that affect the optimal
design point. Section II introduces circuit and layout tech-
niques to overcome the pitfalls that accompany the integration
of capacitive DC-DC converters in a cheap Bulk CMOS tech-
nology. The proposed Flying Well technique and the Intrinsic
Charge Recycling technique offer a performance increase,
along with other incorporated techniques as the use of multiple
voltage domains and interleaving, resulting in a 2.14mm2

90nm CMOS capacitive 2:1 step-down demonstrator capable
of delivering an output power of 1.65W or 0.77W/mm2.
Achieving these specifications, the converter prototype does
not escape high temperature operation and metal routing
impedance issues that very high power density converters only
delivering a low output power are not impeded by. Over a
broad load range the efficiency of the proposed converter is
above 60%, which is on average a 20% efficiency increase in
comparison to a corresponding linear regulator. It is shown
that Bulk CMOS is a potential vehicle for high power, high
power density converters, without the direct need for special
technology options, thus keeping cost down.
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