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Abstract- The current mode analog multiplier circuit using floating gate MOS (FGMOS) transistors operating in saturation 
region is presented. Since FGMOS stores charge for long period of time, the presented structure have the advantage of low 
supply voltage and low power consumption. The squaring characteristics of MOS transistor improve frequency response and 
the bandwidth of a multiplier. The proposed structure is designed for implementing in 180-nm CMOS technology in cadence 
virtuoso environment. The circuit’s power consumption and supply voltage is about 47.26 µw and 1v respectively. 
 
Keywords- Current-Mode Operation, Floating Gate Mos, Multiplier, Translinear Loop. 
 
 
I. INTRODUCTION 
 
Multiplier circuits are widely used in analog signal 
processing structures. Because of its wide range of 
application in analog signal processing such as 
adaptive equalization, frequency translation, 
waveform generation, squaring and square rooting, 
neural networks and measurement equipment, the 
design of multiplier circuit is considered as important.  
The simple architectures of multiplier/dividers are 
designed based on subthreshold operated MOS 
transistors. By using the squaring characteristic of 
MOS transistors biased in saturation, multiplier is 
designed to improve -3db bandwidth. Improved 
accuracy multiplier circuit is designed based on 
functional basis for implementing function 
synthesizer circuit. 
 
In this paper multiplier circuit is designed using 
floating gate MOS (FGMOS) transistor operating in 
saturation region. Floating gate (FG) MOSFETs are 
being utilized in a number of new and exciting analog 
applications. These devices are available in standard 
CMOS technology because they are being widely 
used in digital circuits.  
 
Thus floating gate devices are now widely used by 
analog researchers. Hence the floating gate devices 
are not only used for memories but are also being 
used as circuit elements. FGMOS transistors are used 
as analog memory elements, as part of capacitive 
biased circuits, and as adaptive circuit elements. It 
has features related to low voltage and low power. It 
has the flexibility in implementing both linear and 
non-linear functions.  
Controllability of the device is improved by 
controlling the threshold voltage of the device 
without reducing the feature size, thus operates at 
power supply voltage below the intended level. Since 
it is a multi input MOS device, it allows an extra 
input as per designer’s requirements and also 
improves tunability of a circuit. 

II. FGMOS TRANSISTOR 
 
It is a type of field effect transistor and its structure is 
similar to a conventional MOSFET. It composed of a 
normal MOS transistor and one or more capacitors 
used to couple control voltage to the floating gate. In 
the fabrication of FGMOS, the gate of the MOS 
transistor is electrically isolated, so that there is no 
resistive connection to the gate. A number of 
secondary inputs are deposited over the floating gate 
and it is capacitively coupled to the gate. Floating 
gate is surrounded by oxide completely, so charge 
trapped on the floating gate remains there even after 
removal of power supply. The stored charge can be 
modified by applying voltage to the source, gate, 
body and control gate terminals. Charge can also 
modified by using a pair of small transistor to each 
FGMOS to conduct the injection and tunneling 
operations.   
 
In order to simulate FGMOS in cadence virtuoso 
environment, a simulation model is needed which is 
shown in Fig. 1.for n-type FGMOS. In the model V1, 
V2….Vn is the input voltages coupled to the gate 
through capacitors C1, C2…Cn. The source-gate 
capacitance and drain-gate capacitance are Cgs and 
Cgd respectively.NM0 is a conventional n-type 
MOSFET. The capacitance value is 32.5fF. For a p-
channel FGMOS conventional n-type MOS is 
replaced with conventional p-type MOSFET. 
 

 
Fig. 1. Simulation model for n-type FGMOS 
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III. THEORETICAL ANALYSIS 
 
The proposed implementation of low power FGMOS 
current-mode multiplier circuit is presented in Fig. 2. 
The translinear principle is used to calculate the 
output current of the multiplier circuit, which uses the 
exponential current-voltage relation. The translinear 
principle is that in a closed loop containing even 
number of transistors with number of clockwise 
element is equal to number of anticlockwise element. 
The product of current through the clockwise element 
is equal to the current through the anticlockwise 
element. The loop that goes through only source-gate 
connection of MOS is known as translinear loop. The 
equations of translinear loop containing M1, M2, M3, 
and M4 gate -source voltages and, respectively, M1, 
M2, M6, and M7 gate-source voltages can be 
expressed as follows: 
 
2VGS (I2) = VGS (ID1,2) + VGS [ID1,2 + 2(I1 ±I0)] (1) 
 
Considering the squaring characteristics of MOS 
biased in saturation, the drain current is proportional 
to the square of the weighted sum of the input signals. 
The drain current is expressed as,  
 
ID1,2 = I2 – (I1 ±I0) +[ (I1 ±I0)2 / 4I2] (2) 
 
Thus the expression of output current is  
IOUT = ID2 – ID1 +2I0  (3) 
Which results, 
IOUT = I0 I1 / I2  (4) 
Hence the circuit implements multiplying and 
dividing function, which has the advantage of 
independency of output current on technological 
parameter and it is not affected by temperature 
variations. The chip area of multiplier is implemented 
in 180-nm CMOS technology. The most important 

errors introduced in the multiplier are mismatches, 
mobility degradation, channel length modulation, 
body effect. The values of these errors are relatively 
small compared to the squaring characteristics of 
MOS transistor. By using translinear loop concept 
with common centroid configuration, errors caused 
by mismatches are eliminated. The design of current 
mirrors using cascode configuration eliminates the 
error caused by channel length modulation. The error 
caused by body effect can be eliminated by 
connecting the bulk of MOS transistors to their 
sources. Here there exists a tradeoff between second 
order effects and minimal supply voltage. 
 
IV. SIMULATED RESULTS 

 
The proposed circuit of figure 2 was simulated using 
180-nm CMOS technology in cadence virtuoso 
environment. The supply voltage is VDD = 1V, VGC is 
set equal to VDD for n-type FGMOS and is set equal 
to ground for p-type FGMOS. The currents are I0 = 
40µA, I1 = 10µA, I2 = 20µA. Figure 3(a), 3(b), 3(c) 
shows transient response of output current IOUT for 
the input currents I0, I1, I2 respectively. Figure 4 
shows the dc response of the proposed multiplier 
circuit. 
 
Comparing with the alternative implementations in 
0.35µm CMOS technology of the proposed structure 
important advantages can be achieved. The supply 
voltage can be decreased to 1V and the circuits’ 
power consumption is reduced to 46µW. also 
circuits’ bandwidth can be increased by the 
implementation in 180-nm CMOS technology. The 
comparison between the performances of the 
multiplier circuit reported in previous works and 
multiplier circuit shown in Fig. 2 is presented in table 
1. 

 

 
Fig. 2 .  Implementation of the multiplier/divider circuit. 
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TABLE I 
COMPARISON BETWEEN THE PROPOSED MULTIPLIER/DIVIDER CIRCUITS AND PREVIOUS 

REPORTED WORKS
 

Reference. 
No 

 
Technology 

(µm) 

 
Supply voltage 

(V) 

Power consumption            
(µW) 

 
Chip area 

(µm2) 

 
Bandwidth 

(MHz) 
[9] 0.8 1.75   0.2 
[10] 0.35 2 5.5 18700 4.3 
[16] 0.35 1.2 130   
[17] 0.35 1.15 290  44.9 
[20] 0.18 1.2 60 600 79.6 
Fig 2 0.18 1 47.26  78.9 

 
Fig 3(a).  IOUT(t) simulation for I0 

 

 
Fig 3(b).  IOUT(t) simulation for I1 

 

 
Fig 3(c).  IOUT(t) simulation for I2 

 

 
Fig 4 . Dc response of a proposed circuit 

CONCLUSION 
 
This brief presented low power   current-mode 
multiplier circuit designed using floating gate 
MOSFET. The presented structure reduces the supply 
voltage and the circuit’s power consumption in the 
order of 1V and 47.26 µW respectively.  
 
It is implemented using 180-nm CMOS technology in 
cadence virtuoso environment. The translinear 
principle and the squaring characteristic improve the 
bandwidth of the circuit and its value is 78.9 MHz. 
 
It is also possible to implement the proposed circuit 
in the process of 40 or 28 nm having much lower 
threshold values. 
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