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Abstract: - In this paper, the design of a voltage generator (VG), realized with the switched-capacitor (SC) approach, is 
presented. The VG is primarily intended for low-power portable applications, where the proposed circuit is supplied by a 
single 1.5V battery. This approach allows to obtain a ×2-VG driving an output current of 1mA and can be easily extended 
to a ×3 design. Simulation results verify the usefulness of the proposed design. 
 
Key-Words: DC-DC power conversion, charge pump, CMOS integrated circuits. 
 
 
1 Introduction 
Nowadays the most important device in modern 
microelectronics is the MOSFET that is being used in the 
most demanding applications of low power products 
operated by a single battery; portable products where the 
battery lifetime must be as high as possible. In practice a 
voltage level higher than the battery voltage is preferred 
to supply analog circuits because of the dynamic range. 
According that, this paper deals with the design of the 
voltage-generator block depicted in Fig. 1, where the 
block diagram represents our portable measuring system 
(PMS) under design. Description of each block, but the 
voltage-generator, will not be treated here because it can 
be found elsewhere [1]-[5]. 

 
This paper presents a CMOS voltage generator biased 
with a battery of 1.5V. In section 2, Basics on VG are 
presented. The effect of the increment of the switch 
resistance, as well as its design considerations using a 
MOS approach, are also presented in this section. A SC 
analysis of the proposed generator is presented in section 
3, where simulation results for a ×2 verify its MOS 
viability. Finally, some conclusions are given. 
 
 
2 Basics on VG 
The simplest VG is the ×2-design depicted in Fig, 2. 
Using transistors as ideal switches (RON→0Ω) and two 
equal capacitors, C1 and C2, a doubler is easily designed 
by connecting C1 to the battery during Φ1 through S2 and 
S4. Then, disconnecting it and then stack C1 on top of the 

battery in such a way that C2 is parallel connected with 
the stack during Φ2 through S1 and S3.   
Assuming a zero ON-resistance for each switch, it’s easy 
to demonstrate that the voltage VOUT on the top of C2 is 
ideally 2VBIAS. However in order to analyze the effect of 
the non-zero ON-resistance on the VG performance the 
model depicted in Fig. 3 must be used. 
 
 
2.1 Non-zero ON-resistance approach 
When the effect of RON and discharge current I is taken 
into account VOUT is not ×2 because losses are function on 
the charge and discharge time of the capacitors. These 
times depend on the RON, C1,2 and the operating current 
(I). Assuming R1=R2=R3=R4= RON, and C1=C2=C the 
output voltage VOUT is given by 
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Even when (1) is not accurate at all, this result is an 
approximated method to describe the VOUT behavior. Eq. 
(1) is accurate when 2RC≤½T is satisfied. The magnitude 
of the undesirable ripple is given by 
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Fig. 1. Block diagram of the PMS under design. 

 

 
Fig. 2. Conceptual approach of a ×2 voltage generator. 
 

 
 Fig. 3. A ×2 voltage generator including switch’s series 

resistance 
 
where T2 is the portion of time in which C2 delivers 
charge to the load and is given by 
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Finally, T3 is the portion of time in which C2 gets charge 
from C1 
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To probe how accurate these equations are, a comparison 
between simulation results and deduced equations is done. 
Results are shown in Fig. 4. 
 

Fig. 4. (a) VRIPPLE ;  (b) VOUT with RON as variable. 
 
 
2.2 The MOS switch 
This device behaves like a resistor in the ON-state and 
like an open circuit in the OFF-state. The important 
parameters of the MOS transistor from the standpoint of 
switched approach are the ON-resistance and its voltage 
threshold. It is a common practice assuming that transistor 
can be modeled as a non-zero resistor RON during the ON-
state. However the effect of RON on the operation of the 
doubler represents a loss of efficiency because of the 
voltage drop on it. In other words, the time to charge the 
capacitors increases with the increment of RON. For a 
single MOS transistor, RON is approximately given by 
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where µo, Cox and VT are technological parameters, while 
R'ON is the normalized ON-resistance.  
 
 
2.3 The CMOS doubler 
In order to develop a voltage doubler with minimum 
components we are proposing a design by using 
complementary transistors, this way, one clock phase (Φ)  
and a non-overlaping phase (Φ’) will be needed. Φ’ has 
the same phase than Φ but it has a short delay in order to 
avoid high current flow through complementary transistor 
when they are switched. The doubler is shown in Fig. 5, 
where just four MOS transistors and two capacitors are 
needed. Every transistor will substitute each ideal switch 
with its series resistance, so we expect the same behavior 



between the circuit shown in Fig. 5 and that shown in Fig. 
3. When Φ=1, nMOS transistors will be on while pMOS 
transistor will be off, this way C1 will be connected to VB. 
When Φ=0 - nMOS transistors off and pMOS on, so C1 
will be connected in series with VB and it will deliver 
charge to C2. 

 
Fig. 5. The proposed CMOS ×2 VG. 

 
The clock phases Φ and Φ’ are internally generated by 
using a VCO-based clock generator (CKG). The used 
topology is that reported by Baker [9]. The CKG , shown 
in Fig. 6, is directly fed by the battery VB.  The circuit 
generates a 250 kHz clock phase with amplitude equal to 
VB (1.5V), and the control voltage is fixed to VC =765 
mV.  

 
Fig. 6. Block diagram of the Voltage Controlled 

Oscillator. 
 
According to [9], the oscillation frequency is given by 
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where Ctot is the total capacitance of each single inverter 
and is given by 
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As was already said, the value of I is given by VC as well 
as by geometrical parameter -mainly M2 -. As can be seen, 
pMOS transistors form current mirrors so that the charge 

current can be the same than the discharge current for 
each inverter. 
Once we have a 250 kHz and 1.5 VPP clock phase, it will 
be necessary to increase the amplitude of this signal in 
order to feed every gate in the voltage doubler (see Fig. 
5). That is true because M2 won’t turn on when we apply 
1.5V to its gate. The reason is simple, the gate-to-source 
voltage will be zero (VGSM2 = 0). In order to overcome 
such difficulty we have designed a circuit called “signal 
booster” (see Fig. 7).  

 
Fig. 7. Block diagram of the signal booster 

 
 

2.4 Voltage doubler design 
Knowing just two designing parameters (VB=1.5V and 
Ioutput=1mA), and selecting common values for capacitors 
(C1=C2=100nF), we have used the deduced mathematical 
model to select an appropriate ON-resistance value for 
each transistor. It was found that using an RON = 20 Ω we 
could get VOUT = 2.85 V and VRIPPLE = 20 mV. Once we 
have selected the value of RON, we must determine the 
size of transistors by using (5). Firstly, it will be necessary 
to get the VGS values for each transistor (see Fig. 5). 
Taken into account that we will have an output voltage 
VOUT=2.85V, the gate to source voltages for each 
transistors are VGSM1 = VGSM4 = 2.85 V and VGSM2 = VGSM3 
= 1.35 V. Then using technological parameters we can get 
the corresponding size which are summarized in Table 1. 
 

 (W/L) (µm) 
M1 (2172/1.8) 
M2 (3380.4/1.8) 
M3 (7555.2/1.8) 
M4 (650.4/1.8) 

Table 1. The  transistors' size. 
 
 
 
 
 
 
 



3 Simulation Results 
Spice results are shown in Fig. 8, where the doubler 
performance can be seen. The initial voltage is 
approximately 0.8 V that is the result of the battery 
voltage minus the voltage drop across the diode in the 
signal booster.  
 

 
 

Fig. 8. The time response of the voltage doubler with an 
output current of 1mA. 

 
The voltage  takes several microseconds to reach its 
stable-state because the output level of the signal booster 
is always VOUT. Then this voltage level is applied to each 
transistors’ gate, so RON will be high until VOUT reaches its 
final value. Zoom of Fig. 8, shows VOUT=2.8216V and 
VRIPPLE=21.38mV. 
 
 
4 Conclusions 
The design of voltage generator realized with the 
switched-capacitor approach was presented. The design 
uses technological parameters of a 1.2µm CMOS process, 
N-well, two poly levels. This circuit is primarily intended 
to use it in portable applications. A 1.5V battery supplies 
the proposed circuit, which allows obtaining a ×2-voltage 
generator. In order to minimize the effect of parasitic 
capacitors, external capacitors with high capacitance and 
low ESR were selected. The difference between deduced 
equations and TSpice simulation for VOUT was less than 
30mV (which is about 1% of difference). This design is 
easily extender to develop higher voltage generators.  
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