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ABSTRACT

In this paper, a small areal dual-output SC(switched capacitor) DC-DC converter with a improved range of an input
voltage is presented. The conventional SC DC-DC converter has an advantage of low cost and small chip area. But, it
has a narrow input voltage range to convert efficiently. Also, it has a lager chip area and a lower power efficiency from
multiple outputs. The proposed SC DC-DC converter improves the power efficiency by using the capacitor array
structure which efficiently converts the voltage according to the input voltage. By sharing two switch array, it reduces
the number of switches and capacitors from 32 to 25. The proposed SC DC-DC converter was manufactured in a
0.18um CMOS process. In the simulation, the range of the input voltage is 0.7~ 1.8V, the max. power efficiency is
90%, and the chip area is 0.255mm?.
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Fig. 1 The efficiency of conventional switched-capacitor
converter
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Fig. 3 The conventional switched-capacitor converter
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Fig. 4 The efficiency of wide-input-voltage-range switched-
capacitor DC-DC converter [5]
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Fig. 5 The switch array of conventional dual output
switched capacitor converter with a wide input voltage
range
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Fig. 7 The proposed switch array structure

Table. 1 The switch array control according to the input
voltage (Voutl=1V, Vout2=0.5V)

Switch array#1 Switch array#2
Input voltage - -
range(V) output | conversion | output | conversion
voltage ratio voltage ratio
1.8~1.55 Voutl 213 Vout2 12
1.54~1.35 Voutl 3/4 Vout2 1/2
1.34~1.05 Vout2 1/2 Voutl 2
1.04~0.8 Vout2 2/3 Voutl 2
0.79~0.7 Vout2 3/4 Voutl 2
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Fig. 8 The operation of the switch array according to
the voltage conversion ratio
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Fig. 10 The proposed converter layout
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Fig. 12 Efficiency of the converter according to the
input voltage

lout1[mA]

0 100 200 300 400 500 600 700 800 900 1000

Voutl [V]

Vout2 [V]

t[us]

lout1[mA]

0 100 200 300 400 500 600 700 800 900 1000
t[us]

AAAARAAAARARAARARAARA]

Voutl [V]
=
=2
2
=2
=2
=
=
=2
=
=
=
2
<

0 100 200 300 400 500 600 700 800 900 1000

Vout2 [V]

Fig. 13 The output voltage waveform of the output
current changes (a) Vin=1.7V (b)Vin=0.9V

1% 132 AR o]FEY 291X = AdjAlE DC-
DC ¥2tr] 9] &7 Wste] ug Sy Aled o]
A spedolr 17 13(a)= Aol 1.7Ve]ar Voutl
o] ZHAE Joutlo] W= (2mA —20mA—10mA)
7%5-2] B shgoln] Voutlo] £ 5o utet o
A Kl

=9 FotdF WA Al Au+E A <d(undershoot
voltage) 7} @ H{+E Z(overshoot voltage) o] A s}
=g o]= 1mV Y9 2 Voutl29] 0.1%°] ™, Vout1 2] F
shd=o] w2k Vout2(0.5V) = F&= A =t o]
E 322 g=Zg o)A ad(cross regulation effect)z}
3 Vout22] 0.4% A4 =2 3¢l =ch. 18 13(h)=
Qg #to] 0.9vVo]al Vout29] & AR lout27| ¥}
=(2mA —20mA—10mA) 7390 F2t 992 Lhe}
Wk,

il
N
Wil

ofs
L

o 24 Hr 4o £
_orl_:‘
R

Maximum Load Power Range, 1V, 0.5V output

1V output load power limit = 15mW (@Input Voltage = 0.7~1.3V)

[ 1V output

70,5V output]

Load Power [mW]

1 12 13 14 15 16 17 18

Input Voltage[V]

Fig. 14 The maximum output power of the converter

I 4% 7)29) 291X As|AlE| DC-DC 37| ofe]
548 vlaet Folck [6]2 YA W= 17-2V
o, 855-00.2%] MYEZS 7HAm Hol wHe
2.515mmPo|ct. [7] Q2o W9l 1.1~1.8Vol L,
H 982 63~86%= Kol itk

1760



Aloke A9 = 7|5 A ] DC-DC HE7 | = 49t
= 0.7-1.8VE 7|22 Mgy} WS WS 7H
1, AP AL 70~90%E FAE 453 Helrk 28l
o] HAe 0.285mm’ 2 22 340 = A2k [6]H
27| Ee} H Z9te)

o

Table. 4 Compare Dual Output Converter

Parameter [6] [71 Proposed
018pm 0.35pum 0.18um
Process CMOS | CMOS | CMOS
Input voltage range | 1.7~2V 1.1~18Vv | 0.7~1.8V
Number of outputs 2 2 2
Number o_f flying 4 2 4
capacitor
Number of power
Switches 22 22 22
Output voltages | 0.8V, 2.5V 2V, 3V 0.5V, 1V
Chip area 2.515mm? 0.225mm?
Max. outputload | jp00a | ~25mA | ~90mA
current
Power efficiency | 85.5~90.2% | 63~86% 70~90%
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