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Abstract— In this study, micro multi-switch integrated 
circuits (IC) for display boards for smart plant sensors were 
designed and manufactured using a 0.25 µm CMOS process. 
The switch chip is composed of four single pole single throw 
(SPST) switches and eight single pole double throw (SPDT) 
switches, and it was found that the size of the semiconductor IC 
designed using the simulation with layout effects and a circuit at 
a transistor level satisfied the target performance even with the 
process, voltage, and temperature (PVT) variations. 
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I. INTRODUCTION 
Due to the recent technological development of the 

complementary metal oxide semiconductor (CMOS) process, 
the radio frequency (RF) performance of CMOS is 
increasingly advancing with the enhancement of a device 
precision. Despite its shortcomings of CMOS such as leakage 
current of ultrahigh-frequency caused by high noise resistance 
and substrate concentrations, the process is widely used in 
designing wireless transmitter-receiver due to its advantages 
of low power consumption, high integration, and low 
production costs in DC status compared to other technologies. 
As of late, studies on the design of 4 or 8-channel phased-array 
receiver on a single chip using CMOS process have been 
conducted [1][2]. 

Such a multi-channel phased-array receiver or transmitter 
allows multi-channel on a single chip, significantly reducing 
the chip area. In this study, the CMOS process was used to 
develop a single 8-switch-integrated circuit designed to 
minimize the display board of smart factory sensor data. 

II. CMOS  SWITCH IC DESIGN 
The display board of smart factory sensor data consists 
largely of battery, electrophoretic display (EPD), antenna, 
and various microchips such as bank IC, fingerprint sensor, 
microprocessor, Bluetooth wireless communication IC, 
power management (PM) IC, and EPD driver IC. In addition 
to these chips, eight chips are used, including four load switch 
chips for power control between the PM IC and various 
microchips and four analog switch chips for controlling 
signal flow.  

This study designed a combined single IC with eight CMOS 
switches used for the display cards of smart plant sensor data 
to minimize the display board size. The reduced board area 
can boost battery capacity, thus increasing battery life. 

A. Smart plant sensor data display structure study 
Major performance indicators to be considered in 

designing CMOS switch include on-resistance, off-isolation, 
total harmonic distortion (THD), switching time, and charge 
injection. These indicators mainly depend on the size of the 
field-effect transistor (FET) gate. Specifically, as the width of 
the FET gate used in the CMOS switch increases, the on-
resistance shrinks and off-isolation decreases, while THD 
improves, and switching time and charge injection increase. 
Some studies reported a method to improve on-resistance 
such as adding a separate charge pump to boost gate control 
voltage or adjust body voltage [3][4]. However, these 
methods require additional circuits, clock, and power 
consumption. Furthermore, the addition of high resistance to 
the body has been proposed for performance improvement 
when the switch operates in the range from less than 10 to 
dozens of GHz, but it was discovered that the area of 
additional resistance was considerably large, and the 
proposed method was not effective in low frequency. A 
specialized process including BCDMOS should be applied 
for the applications such as automotive electronics where 
high electric power is used; however, the target application of 
this study is smart display requiring low voltage and low 
current, and thus, a common 0.25 µm CMOS process was 
used [5][6][7].  

B. Switch IC design for smart plant sensor data display 
The simulation was performed to find the input voltage 

that can achieve lower than the target on-resistance by 
lowering the voltage from 6 V by 0.1 V while switch control 
voltage was fixed. 5.5 V was applied to V+ and switch-on 
voltage was applied to the logic input since the maximum 
input voltage in the simulation was 5.5 V.  
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Fig. 2. SPST switch simulation environment (on-resistance)  

Figure 2 shows the simulation environment of the SPST 
switch using Cadence Spectre RF. To improve the reliability 
of the switch design, PVT variation was taken into account in 
the simulation. Figure 3 shows the simulation environment of 
the SPDT switch using Cadence Spectre RF. To improve the 
reliability of the switch design, PVT variation was taken into 
consideration in the simulation.  

 
Fig. 3. SPDT switch simulation environment (on-resistance)  

III. RESULT OF SWITCH CHIP DESIGN  
Figure 4 demonstrates the simulation results of on-

resistance according to three different temperatures at the SS 
corner of the designed SPST switch. The maximum on-
resistance was 1.1 Ω, and the maximum on-resistance was 
0.85 Ω and 75 Ω, respectively, at the TT corner and FF corner 
of the SPST switch. The designed SPST switch showed lower 
on-resistance than 1.5 Ω, which is the design target, at nine 
corners.  

 
Fig. 4. SS corner simulation result of SPST switch (on-

resistance) 

Similar to SPST switch design environment, 5.5V was 
applied to V+ in designing a SPDT switch, as the maximum 
input voltage was 5.5 V, and switch-on voltage was applied 
to the logic input. For VOUT1 and VOUT2, the load resistance 
was set at 50 Ω each. The output voltage at VOUT1 and VOUT2 
were measured as the switch input voltage was swept from 
1.6 V to 5.5V by 0.1V. Using the measured voltage and 
applied voltage, the on-resistance of the switch can be 
achieved. Figure 5 demonstrates the simulation results of on-
resistance according to three different temperatures at the SS 
corner of the designed SPDT switch. The maximum on-
resistance according to temperature was 1.05 Ω, and, the 
maximum on-resistance was 0.85Ω and 0.65Ω, respectively, 
at the TT corner and FF corner of the SPDT switch. The 
designed SPDT switch showed lower on-resistance than 1.5Ω, 
which is the design target, at nine corners.  

 
Fig. 5. SS corner simulation result of SPDT switch (on-
resistance) 

IV. CONCLUSIONS 
In this study, a combined single IC with eight CMOS 

switches used for the display board of smart plant sensor data 
was designed. The switch chip consisted of four SPST 
switches and eight SPDT switches, which was designed to set 
the switch status by sending independent control signals. The 
circuit was designed using 0.25 µm CMOS process, and the 
chip size was 2.25×2.25 mm2. As a result of the simulation, 
satisfactory performance was achieved in terms of on-
resistance and THD. The study found that the area of the 
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system board can be reduced by more than 10% if the multi-
channel switch IC developed is applied to the display board 
of factory sensors. 
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