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ABSTRACT 
This paper presents a fully integrated on-chip switched-capacitor 
(SC) DC-DC converter that supports two regulated power supply 
voltages of 2.2V and 3.2V from 5V input supply and delivers the 
maximum load currents up to 8mA at both of the outputs. The 
entire converter system uses two 2-to-1 converter blocks. The 
upper output voltage (3.2V) is generated from the 2-to-1_up 
converter by means of averaging the 5V input and the generated 
lower output voltage (2.2V), which is generated from 2-to-1_dw 
converter. Since 2-to-1_up converter is less sensitive to the 
bottom-plate parasitic capacitance loss, they are implemented with 
MOS capacitors, which show higher capacitance density 
(2.7fF/μm2, α=6.5%) than MIM capacitors (1fF/μm2, α=2.5%) 
while they have bigger bottom-plate parasitic capacitance ratio (α). 
The proposed implementation saves the area and quiescent 
currents for the control blocks since each block shares required 
analog and digital control blocks. The proposed converter is 
designed using high-voltage 0.35μm BCDMOS technology. Both 
output voltages are regulated by means of pulse frequency 
modulation (PFM) technique using 18-bit shift registers and 
digitally controlled oscillators (DCOs). Over the wide output 
power ranges from 5.4mW to 43.2mW, the converter achieves the 
average efficiency of 70.0% and the peak efficiency of 71.4%. 10-
phase interleaving technique enables the output voltage ripples of 
the both outputs less than 1% (<40mV) of the output voltages 
when 400pF of output buffer capacitors are used for both outputs. 

Categories and Subject Descriptors 
B.7.0 [Integrated Circuits]: General  

Keywords 
Dual Output, Switched-Capacitor, DC-DC Converter 

1. INTRODUCTION 
The use of multiple supply voltages on a single chip has become 
very common due to the coexistence of low/high power digital 
circuits and analog/RF circuits in recent integrated systems. It is 
not desirable approach to add multiple high-efficiency off-chip 
DC-DC converters, which are mostly implemented with off-chip 
inductors, for generating multiple output voltages due to the 
increased cost/size, the degraded of supply impedance, and the 

limited allowance for power pins. Since the integrated voltage 
regulators are cost and size effective and show fast load-transient 
response, integrating voltage conversion blocks on the silicon chip 
is a very attractive approach. Linear regulators have been widely 
used for on-chip DC-DC converters. However, the most 
significant drawback of linear regulators is their linear efficiency 
drop with increasing dropout voltage. Therefore, the alternatives 
are required to achieve high efficiency across a broad range of 
output voltages. Since the on-chip capacitors have significantly 
higher quality factor, higher energy density, and lower cost than 
on-chip inductors in standard CMOS process, SC based on-chip 
converter have been receiving increased attention from both 
academia and industry [1-5]. 

In this paper, a novel design technique, supporting two regulated 
output voltages (2.2V and 3.2V) out of 5V input at the maximum 
load currents up to 8mA, is proposed and designed using high-
voltage 0.35μm BCDMOS technology. Two types of flying 
capacitors (MIM and MOS Capacitors) are used to maximize the 
power density and efficiency at the limited area. The proposed 
architecture uses closed-loop feedback control scheme by means 
of digitally controlled pulse frequency modulation (PFM) to 
regulate output voltage in the wide range of load current levels. 
Two sets of four dynamic comparators are used compare four 
reference voltage levels with the scaled output voltages to 
determine the mode of control. Top and bottom voltage levels are 
used for fast startup and fast transient response of the varying 
output load current while two intermediate levels are used for 
stably locking the output voltage. Section 2 presents the core 
design of proposed dual output converter in terms of operating 
principle and charge transfer and loss mechanisms. System 
architecture and simulation results are presented in Section 3 and 
Section 4, respectively. The paper is finally concluded in Section 
5. 

2. PROPOSED CORE DESIGN 
2.1 Operating Principle 
In general, a SC DC-DC converter consists of capacitors and 
switches driven by two non-overlapped clock signals. Each of 
signals is set as close as 50% duty cycle with a minimal dead-time 
(different phased ϕa and ϕb switches, as shown in Figure 2(c), are 
never closed at the same time) for the maximum efficiency and 
the maximum charge transfer to the load.  

As shown in Figure 1, the proposed dual output topology is made 
in combinations of the two conventional 2-to-1 topologies. 
Conventional 2-to-1 topology in Figure 1 (a) can be symbolized as 
shown in Figure 1 (b), which has two input terminals and one 
output terminal. To present the loss due to bottom-plate parasitic 
capacitors, the bottom-plate parasitic capacitance CBP is modeled 
as CBP=αC, where C is the actual capacitance and α is the process 
and layout dependent parameter. For an ideal operation, the output 
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