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Abstract 

We researched the characteristics of the electric signal 

transmission in seawater utilizing a solution gate FET 

(SGFET). The transmission method consists of two com-

ponents: Ag/AgCl as a transmitter and SGFET as a re-

ceiver. AC electric signals are transmitted from Ag/AgCl 

to SGFET via seawater. We mainly investigated switching 

characteristics and propagation distance in the seawater 

environment. In addition, we examined whether common 

potential line between Ag/AgCl and SGFET affects the re-

sults or not. In conclusion, frequency response of SGFET 

at least 10 MHz was confirmed; propagation distances 

were 50 m with the common potential line and 2 m at least 

without the common potential line. These results suggest 

that SGFET can be applied to electric seawater wireless 

communication. 

 

1. Introduction 

Seawater wireless communication has been required for 

scuba divers’ communication, seawater drone control, devel-

opment of seabed resources, etc. However, the conventional 

methods such as acoustic wave, visible light wave and elec-

tromagnetic wave still have unsolved problems. Thus, electric 

communication is one of the methods to overcome these chal-

lenges because of high electrical conductivity of seawater [1]. 

We have studied diamond electrolyte solution gate FETs 

(diamond SGFETs) that electrically operate in solutions [2]. 

Diamond SGFETs are directly immersed in solutions and the 

drain current (IDS) is remotely controlled by electric signals 

(VGS) from Ag/AgCl. Since they are usually used for ion or 

bio-sensing [3,4], diamond SGFETs are promising candidates 

for operating in seawater such as wireless communication. 

In our previous work, we focused on AC electric signal 

transmission from Ag/AgCl to SGFET. The results were con-

ducted at 1 MHz to 50 m in Tokyo Bay [5]. An electric sea-

water communication method was then proposed. However, 

the previous work was not considered wireless because there 

was a common potential line connected Ag/AgCl to SGFET 

to keep reference potential (Fig.2 (a)). In this work, we re-

moved the common potential line, investigated switching 

characteristics of SGFET, and proposed an electric seawater 

wireless communication method. 

 

2. Experimental methods 

Fig.1 shows the cross-sectional view of diamond SGFET 

in a solution. The channel area of diamond SGFET was di-

rectly immersed in a solution to achieve capacitance of elec-

tric double layer. Utilizing SGFET, two types of circuits were 

set up: common source circuit, which has a common potential 

line as shown in Fig.2 (a) and floating circuit, which does not 

have the common potential line as shown in Fig.2 (b). The 

electric transmission from the transmitter to the receiver in 

solutions can be modelled with a simple equivalent circuit in 

Fig.3, where CEDL is the capacitance of electric double layer, 

and RSol is the solution resistance. 

The transmission and frequency responses were measured 

in NaCl 35 g/L solutions. Distance between Ag/AgCl and 

SGFET was gradually increased from 0.01 m to 2 m using a 

cylindrical tube (diameter = 2 cm). In each distance, Ag/AgCl 

was applied with an input AC voltage vGS(= VBias + vgs) in 

common source circuit and vG(= vg) in floating circuit. Both 

were applied from 100 kHz to 10 MHz. Then, the switching 

characteristics, vDS of SGFET, were measured. 

 

3. Results and Discussion 

Fig.4 shows the switching characteristics of diamond 

SGFET at 1 MHz in each circuit (distance = 1 m). In both 

circuits, Diamond SGFET responds to vGS or vG. As a result, 

AC electric signals are transmitted from Ag/AgCl to diamond 

SGFET. Especially, vDS in common source circuit is observed 

with reverse amplitudes to vGS and differential pulses re-

sponding the vGS potential change. On the other hand, in float-

ing circuit, only differential pulses are observed. We assume 

that the missing of reverse amplitudes is due to the absence 

of common potential line. By comparison, differential pulses 

mainly occur due to series CR (high-pass filter) circuit with 

the electric double layer capacitance CEDL and the load re-

sistance RD. These results suggest that, under the absence of 

common potential line, low frequency component VBias does 

not transmit to SGFET from Ag/AgCl; SGFET can respond 

only to high frequency part of electric potential vg. 

Fig.5 shows the dependence on distance between 

Ag/AgCl and diamond SGFET in each circuit at 1 MHz. In 

common source circuit, the voltage peak Vpeak of amplitude 

and differential pulses shows slight decrease as the distance 

increases from 0.1 m to 2 m. In floating circuit, Vpeak of dif-

ferential pulses decreases as the distance increases. This is 

because the series solution resistance RSol increases as the 

electric signals transmit in longer path. RSol is defined as 

                               𝑅𝑆𝑜𝑙 = 𝜌
𝑙

𝐴
                                        (1) 
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where 𝜌 is resistivity of solutions, l is distance and A is cross 

sectional area. 𝜌 in NaCl 35 g/L solutions is 0.2 Ω ∙ m. A is 

π × 10−4 m2 using the electrically insulating tube with 2 cm 

diameter. Then, the value of RSol is calculated as (0.2/π)𝑙 ×
104 Ω. However, RSol might become much smaller in a large 

cross-sectional area such as seawater. 

As a result, AC electric signals can transmit 2 m from 

Ag/AgCl to SGFET through the tube with 2 cm diameter in 

floating circuit. Differential pulses observed in the switching 

characteristics have possibility to be applied for digital com-

munication. 

 

4. Conclusion 

We investigated the characteristics of an electric signal 

transmission utilizing SGFET. It is confirmed that high fre-

quency electric signals can transmit from Ag/AgCl to 

SGFET at least 10 MHz at an insulating tube. Propagation 

distances are 50 m in common source circuit and 2 m in 

floating circuit. In the switching characteristics, differential 

pulses are observed and have possibility to be applied to 

digital electric wireless communication in seawater.  

 

 
 

 

 

 

 

 

 

 

 

 

Fig.1 The cross-sectional view of Diamond SGFET 

 

Fig.2 Illustration of electric signal transmission methods 

    ((a) Common source circuit, (b) Floating circuit) 

Fig.3 The equivalent circuit of electric transmission 

CEDL: capacitance of electric double layer 

     RSol: solution resistance 

Fig.4 Switching characteristics of Diamond SGFET  

at 1 MHz 

(a) vGS = -0.8 ± 0.2 V (vGS = VBias + vgs) 

(b) vG = ± 1.0 V (vG = + vg) 

VDD= -1.0 V, RD= 1 kΩ 

 

 

 

 

 

 

 

 

 

 

Fig.5 The distance dependence of Vpeak at 1 MHz (Dia-

mond SGFET) 

(a) vGS = -0.8 ± 0.2 V (vGS = VBias + vgs) 

(b) vG = ± 1.0 V (vG = + vg) 
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