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Abstract—A ring-type switched-capacitor (SC)
DC-DC converter for diode-lamps in cellular phones
is proposed in this paper. To achieve high efficiency,
the bootstrap circuits are attached to power-switches
in the converter. By connecting the charged-capacitor
between the gate terminal and the source terminal of
the power-switch, the bootstrap circuit reduces the on-
resistance of the power-switch. Furthermore, the out-
put voltage of the circuit is regulated by controlling
the frequency of the clock pulse. To achieve high ac-
curacy of the voltage control, the regulator is designed
by a digital technique. Concerning a 3-stage power
converter, SPICE simulations are performed to con-
firm the validity of the circuit design. For the input
voltage 3.2 ~ 4.5V, the power efficiency of the pro-
posed circuit is 68 ~ 85 % in the output current about
150mA.

1. Introduction

A power converter is one of the most important
building blocks in electronic products. In the design
of the converters, most of them exploit magnetic el-
ements. Although these converters can achieve high
efficiency, the magnetic elements cause the increase
of volume and weight. For this reason, switched-
capacitor (SC) power converters have been receiving
much attentions in the field of mobile equipments, be-
cause the equipments such as cellular phone, digital
camera, etc. require thin circuit composition, light-
weight and low-noise. The SC power converters can
satisfy these requirements since they consist of only
capacitors and power switches [1]-[3]. In the SC power
converters, the design of a power switch is important.
To achieve high efficiency and small number of power-
switches, the gate terminals of power-switches must be
driven by higher voltages than that of the source ter-
minals. For this reason, we employ the power switches
with bootstrap circuits to reduce the on-resistance of
power-switches.
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Fig.1 Ring-type power converter.

In this paper, a ring-type switched-capacitor (SC)
DC-DC converter for diode-lamps in cellular phones is
proposed. Since the output voltage of the SC power
converters is determined by the number of capacitors,
the output voltage of the power converter is regulated
by controlling the frequency of the clock pulse. In the
design of the diode-lamps, 3 % of realization accuracy
is required for the output voltage of the power con-
verter. Therefore, to achieve high accuracy of the volt-
age control, the regulator is designed by using a digi-
tal technique. Furthermore, to achieve high efficiency,
the bootstrap circuits are attached to power-switches
in the converter. By connecting the charged-capacitor
between the gate terminal and the source terminal of
the power-switch, the bootstrap circuit reduces the on-
resistance of the power-switch. Concerning a 3-stage
power converter, SPICE simulations are performed to
confirm the validity of the circuit design.
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Fig.2 3-stage ring-type converter.

2. Circuit Structure

2.1. Ring-type DC-DC Converter

Figure 1 shows the ring-type power converter pro-
posed by Hara et al.[1]. By controlling the power-
switches S;; ((i = 1,...,4) and (j = 1,2,...,N) ),
the circuit converts a voltage to other by means of
changing the connections of capacitors C';’s. The clock
pulses for S; j are non-overlapped N-phase pulses ®; ;,
and the clock pulses for S; ; are set to the inverted
pulses of @ ;. The switches S3 ; and Sy ; are driven by
the clock pulses obtained by shifting the clock-pulses
®, ; cyclically. When the output current is 0 and the
voltage-drop caused by power-switches is free, the out-
put voltage Vi, (t) is given by

Q

‘/out (t) -
where P € {1,2,...,N} and Q € {1,2,...,N}. In
Eq.(1), P and @ denote the number of the capaci-
tors connected to the input terminal and the output
terminal, respectively. The parameters P and @) are
determined by the timing of the clock pulses for S ;
and Sy j, respectively.

As Eq.(1) shows, the ring-type power converter
works as a step-up/step-down DC-DC converter by
controlling the ratio of P and ). However, to real-
ize step-up/step-down conversion, the gate terminals
of S5 j, S3.; and Sy ; must be driven by higher voltages
than that of the source terminals. Because a thresh-
old voltage drop is occurred by the power switches. To
avoid the threshold voltage drop, bootstrap circuits are
employed in the proposed converter.
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Fig.3 Bootstrap circuit. (a) Bootstrap circuit-1. (b)
Bootstrap circuit-2.

2.2. Proposed Converter

Figure 2 shows the proposed ring-type converter
when N = 3. In the circuit, the bootstrap circuits
shown in Fig.3 are attached to power-switches in the
converter. The circuit shown in Fig.3 (a) works as fol-
lows. During @i, is Low, the MOS-switches M1, M4,
M5 and M7 are On, and M2, M3 and M6 are Of f.
In this timing, the capacitor Cj is charged by V;,. On
the other hand, during ®;,, is High, the states of MOS-
switches M1~MT7 are reversed. Via M3 and M6, the
gate terminal of the power switch is driven by the out-
put voltage V. When the voltage-drops caused by
MOS-switches are 0, V. is given by

Vin +Va
Vclk:{ 0

Thus, the gate terminals of power-switches are driven
by higher voltages than that of the source terminals.
The threshold voltage drop can be alleviated by the
proposed bootstrap circuit.

To alleviate the threshold voltage drop, several tech-
niques have been proposed in the previous studies
[2],[3]. Among others, the output pulse of the con-
ventional bootstrap circuit in [2] can also be expressed
as shown in Eq.(2). The conventional circuit in [2] con-
sists of 11 MOSFET’s and 3 capacitors. As Fig.3(a)
shows, the proposed bootstrap circuit is constructed
with only 5 MOSFET’s and a capacitor. Therefore,

if ®;, = High,
if q)in = Low. (2)
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Fig.4 PWM controller.

the proposed bootstrap circuit can reduce the hard-
ware cost.

The bootstrap circuit-2 works as in the same manner
of bootstrap circuit-1. In this circuit, Vo, (t) denotes
the PWM signal which is given by PWM controller
shown in Fig.4. By controlling Vi, (t), the output
voltage Vot (t) is regulated. When the output current
is 0 and the voltage-drop caused by power-switches is
free, the output voltage Vo.:(t) of the proposed con-
verter is given by

Vout(t) = () Vin, ®3)
where a(€ [0,1]) is a dumping factor which is deter-
mined by Veon(t). The operations of the PWM con-
troller will be described in the following subsection.

2.3. PWM Controller

To achieve high accuracy of the voltage control, the
PWM controller of Fig.4 is designed by a digital tech-
nique ! . In Fig.4, the output voltage Vy(t) is com-
pared with the reference voltages V., and V,; which
are provided by Zener diodes, where V.5, and V,; are
an upper-limit and a lower-limit of the desired output
voltage, respectively. When Vi; < Voue(t), the M-
bits register-1 is shifted 1-bit to the right by the signal
RSC, and 1 (= Vj,,) is inputted from RSIL. On the other
hand, when V,; > Vi (¢), the register is shifted 1-bit
to the right by the signal LSC, and 0 (= 0V) is in-
putted from LSI. The clock pulse to shift the register-1
is generated by K-bits counter (K = 1,2,...). When
Vo < Vour(t) < Van, the clock pulses for the registers

1In the design of the diode-lamps, 3 % of realization accuracy
is required for the output voltage of the power converter.
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Fig.5 Transient characteristic of bootstrap circuits. (a)
Bootstrap circuit-1. (b) Bootstrap circuit-2.

are stopped. By using the outputs of register-1, rg
(k=1,2,..., M), the PWM signal V,,(t) is given by

Veon(t) = (1 N71) Uz Nr) U--- U (ear N7ar),  (4)

where ¢ is a non-overlapped M-phase pulse (see in
Fig.4). The frequency of ¢ is set to N x M x R times
frequency of ®; ;. As Eq.(4) shows, the duty factor of
Veon(t) is changed according to the states of 7i’s.The
parameter « in Eq.(3) is proportioned to the duty fac-
tor of Veon(t).

3. Simulation

To confirm the validity of the circuit design, SPICE
simulations were performed concerning the circuits
shown in Fig.2. The SPICE simulations were per-
formed under the conditions that the input voltage
Vin = 3.2 ~ 4.5V, V,;, = 5.0V, V,; = 45V 2 |
Cj=C, =5uF, Cy, =2nF, R, = 3010, the parameter
M =8, R =2, K = 2, and the on-resistance of the
power-switch R,, = 1.8(2.

Figure 5 shows the transient characteristics of the
bootstrap circuits. In Fig.5 (b), the duty factor of
Veon (t) was set to 0.2. As these figures show, the pulse
width of the output of the bootstrap circuit-2 is mod-
ulated. Figure 6 shows the transient characteristics
of the proposed converter. In these simulations, the
clock pulses for the power switches were set to satisfy

2We focused on the diode-lamp whose dynamic range is 4.5 ~
5V. The typical input and output voltages are 3.6V and 4.75V,
respectively.
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Fig.6 Transient characteristic of the proposed power

converter. (a) Vi, = 3.6V. (b) Vi, = 3.2V. (¢) Vi, =
4.5V.

o

the following conditions that ®17 = ®31 = ®35 =
Dy3, P1o =Py = P33 = Py 1, and @13 = Po3 =
®31 = ®42. In other word, the parameters P and @
in Eq.(3) were set to 2 and 3, respectively. As Fig.6
shows, the settling time of the converter is less than
500us. Figures 7 and 8 show the efficiency and the
output voltage of the power converter, respectively.
As Figs.7 and 8 show, the proposed converter can pro-
vide the output voltage in the range of 4.5 ~ 5.0V.
Of course, the accuracy of the output voltage Vo (t)
can be improved by increasing the bit-length of the
register-1. The power efficiency is 68 ~ 85% 2 in the
output current about 150mA.

3The power efficiency of the proposed converter can be im-
proved by using the power-switches with small on-resistance.
Under the same range of the input and the output voltages, the
power efficiency of the conventional converters for diode lamps
is about 65 %.
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4. Conclusion

A ring-type switched-capacitor (SC) DC-DC con-
verter for diode-lamps in cellular phones has been pro-
posed in this paper.

The SPICE simulations showed the following re-
sults. 1. For the input voltage 3.2 ~ 4.5V, the power
efficiency of the proposed circuit is 68 ~ 85 % in the
output current about 150mA. 2. The material cost
for the bootstrap circuit is smaller than that for the
conventional circuit. 3. The converter can achieve
high accuracy of the voltage control since the voltage
controller is designed by a digital technique.

The further improvement of efficiency is left to the
future study.
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