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Abstract  Th is paper presents a programmable resistor using two-input floating gate MOS transistor (FGMOST). One of 
the two-input gates is connected to the drain and the other is connected to a tuned voltage to control the floatin g gate 
transistor resistance. A wide range of the programmable resistance is achieved by controlling the tuned voltage. The 
resistance is changed by 33% by varying the tuned voltage by 0.4 V. Three applicat ions based on FGMOST operated as a 
resistor are proposed. These are tunable filter, tunable triangular oscillator and tunable amplifier. The cut-off frequency of 
the low-pass filter is tuned from 21.4 kHz to 32.1 kHz by controlling the tuned voltage by 0.4 V. The oscillation frequency 
of the triangular oscillator is varied from 336.18 kHz to 540.2 kHz by varying the tuned voltage by 0.4. A lso, the gain of 
the amplifier is changed by 50% by changing the tuned voltage by 0.4 V.  
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1. Introduction 

Over the past few years, an  increasing demand for 
designing programmable circu its for many applications is 
highly demanded. The new advances in the analog circu its 
made it possible to design tunable devices to achieve 
programmable, reconfigurable and adaptive circuits.  The 
design of versatile circuits requires tunable devices to 
achieve programmability. Among the various analog 
programmable circuits are filters, oscillators, amplifiers, 
current sources and current mirrors.  

Multi-input floating-gate MOS transistors (FGMOSTs) 
have been proven to be promising candidate for low voltage 
low power applications[1-4]. Also, FGMOSTs have been 
achieved a tunable functionality[5-11]. FGMOST accepts 
multip le input signals that control the transistor operation to 
enhance the transistor functionality. FGMOSTs are used in 
many applications such as four-quadrant multip lier[7], 
OTA[6, 11], and audio sensing systems[9]. 

In  th is  paper, two -input  FGMOST  operates  as  a 
programmable resistor has been presented. The resistance of 
the transistor is varied by tuning one of the gate voltages of 
the transistor. Three analog circuit applicat ions using the 
proposed programmable resistor are investigated. These are 
programmable filters, t riangular oscillato rs and voltage  
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amplifier. A wide-range of the filter cut-off frequency is 
achieved. Also, the oscillation frequency of the triangular 
oscillator and  the gain of the amplifier are tuned by varying 
the tuned voltage of the FGMOST. 

This paper is organized as follows. Section II describes 
two-input FGMOST. Tunable filter using FGMOST is 
described in Section III. Tunable triangular oscillator circu it 
based on programmable resistor of the FGMOST is 
described in Section IV. Also, tunable voltage gain 
differential amplifier is presented in Section V. Simulation 
results are investigated in Section VI. Finally , conclusions 
are given in Section VII. 

2. Two-input Floating Gate Transistor 

Floating gate MOS transistor is similar to a regular 
enhancement MOS transistor except that it  has  two gates. Fig. 
1 shows two-input floating gate transistor. One gate (bottom 
gate) is completely surrounded by an insulator called floating 
gate and the other gate (top gate) is called  control gate. The 
advantage of using two-input is to control the operation of 
the FGMOST. Fig. 2 shows the equivalent circuit of 
FGMOST. CFGD, CFGS and CFGB are the capacitances 
between floating gate and drain, source, and body, 
respectively. CG1 and CG2 are the capacitances between 
control gate and floating gate. The floating gate voltage is 
given by[12]: 
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where QFG is the initial charge trapped in the floating gate, 
CT is the total capacitance given by: 

N
+

N
+

Source
Drain

p-Substrate

Floating 

Gate

VG1 VG2

Two-input 

Gates

SiO2

 
Figure 1.  Structure of two-input floating gate transistor 
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Figure 2.  Equivalent circuit of two-input floating gate transistor 
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If one of the control gates is connected to the drain and the 

other gate is connected to a tuned voltage as shown in Fig. 3, 
the FGMOST works as a resistor. The tuned voltage range 
should be set to keep the transistor works in the ohmic region. 
To ensure the transistor working in the ohmic linear region, 
the drain-source voltage should be 

 TFGSDS VVV              (3) 
A wide range of resistance is possible from FGMOST by 

varying the tuning voltage (VG1) as long as the device is 
operating in the linear reg ion. In the linear region, the 
drain-source current is given by: 
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Figure 3.  Two-input floating gate transistor works as resistor 

3. Programmable Low-pass Active filter  

The cut-off frequency of a filter is fixed and dependent on 
the filter element values. In order to achieve programmable 
filter, a tunable element should be imposed on the filter 
circuit. Fig. 4 shows the proposed tunable low-pass active 
filter. The FGMOST is working as a programmab le resistor. 
The cut-off frequency of the filter is given by: 
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where RFG is the resistance of the floating gate transistor. RFG 

is programmed by varying the tuned voltage VG1. A wide 
range of the cut-off frequency can be obtained by varying the 
tuned voltage as long as the transistor is working in the 
ohmic region. 

 
Figure 4.  Tunable low-pass active filter using floating gate transistor 

4. Programmable Triangular Oscillator 

Figure 5 shows the proposed triangular oscillator. Also, 
the FGMOST is working as a programmable resistor whose 
resistance value is dependent on the tuned voltage. The 
oscillation frequency is given by[13]: 
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Varying the tuned voltage will vary the oscillat ion 
frequency. The resistance of the floating gate transistor does 
not affect the value of the comparator lower and upper 
trigger points.  

5. Programmable Gain Amplifier 

Tunable gain amplifiers are highly  demanded in intelligent 
circuits. The amplifier voltage gain is fixed after fabrications. 
Fig. 6 shows the proposed differential amplifier with tunable 
voltage gain. Two floating gate transistors work as resistors 
are connected to the both inputs. Both FGMOSTs must be 
identical and have the same tuned voltage to provide the 
same resistance. The output voltage of the amplifier is given 
by: 



 El-Sayed A. M. Hasaneen:  Programmable Floating Gate Transistor Operating as a Resistor for Analog Applications  100 
 

 

 21 inin
FG

out VV
R

R
V                 (7) 

The amplifier voltage gain  R/RFG is programmed by 
varying the tuned voltage in the both inputs with the same 
value. 

 
Figure 5.  Tunable triangular oscillator 
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Figure 6.  Tunable voltage gain differential amplifier 

6. Simulation Results 

Fig. 7 shows the resistance of the floating gate transistor 
operates in the linear region as a function of the tuned 
voltage. One of the gate terminals is connected to the drain 
and the other gate is connected to the tuned voltage. A wide 
range of the resistance is achieved. The resistance is changed 
from 7.4365 k  to 4.96 k  a  percentage change of 33% by 
varying the tuned voltage by 0.4 V.  

Figure 8 shows the variation of the cut-off frequency of 
active low-pass filter with the tuned voltage. The cut-off 
frequency is highly dependent on the tuned voltage. It 
changes from 21.4 kHz to 32.1 kHz by varying the tuned 
voltage by 0.4 V. 

Figure 9 illustrates the oscillation frequency of the 
triangular oscillator with the tuned voltage. The tuned 
voltage has a large affect on the oscillation frequency. It is 
changed from 336.18 kHz to 504.2 kHz with a percent 
change of 50% by varying the tuned voltage by 0.4 V.  

Figure 10 shows the variation of the differential amplifier 
voltage gain with the tuned voltage. It illustrates a wide 
range of the gain variation with the tuned voltage. The 
voltage gain changes from 107.5776 to 161.3670% by tuning 
the tuned voltage by 0.4 V 

 
Figure 7.  Variation of the floating gate transistor resistance with tuned 
voltage 

 
Figure 8.  Variation of the filter cut-off frequency with tuned voltage 

 
Figure 9.  Variation of the oscillation frequency with tuned voltage 
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Figure 10.  Variation of the voltage gain with tuned voltage 

7. Conclusions 

Using two-input floating gate transistor as a 
programmable resistor has been presented. The transistor 
exhibits excellent control on the resistance by controlling the 
tuned voltage. The proposed transistor is useful in the 
designing of the tunable circuits  in the state-of-the-art analog 
circuits. Tunable low-pass filter, triangular oscillator and 
differential amplifier circu its based on the proposed 
two-input floating gate transistor are proposed to obtain the 
tunable functionality. The results show a large range of the 
tunable functionality achieved by using the floating gate 
transistor as a programmable resistor. 
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