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ABSTRACT 

 

This paper represents design and simulation of CMOS Four Quadrant Analog Multiplier. The modified design 

demonstrates low control dissemination and higher data transfer capacity when contrasted with different 

models of the simple multiplier. The CMOS multiplier is planned and simulated in Generic 130nm and 90nm 

Technology. 
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I. INTRODUCTION 

 

Out surrounding world is analog in nature. Digital 

systems require analog to digital conversion at the 

front of the system and digital to analog conversion at 

its end. Analog computation and signal processing 

make it simpler and faster [1]. Analog signal 

processing represents the signals as physical 

quantities like e.g. charge, current, voltage or 

frequency. These signals are continuous in value and 

continuous in time. Analog signal processing is most 

effective when precision is not the major criteria and 

when massive parallel collective processing of large 

number of signals that are continuous in time and 

amplitude is required [2]. In this thesis, the new 

smaller size process technologies offer opportunities 

to operate at higher frequencies consuming less 

power. For analog circuits, this fact partially applies 

since it is often the case that additional current 

needed to keep the same performance when the 

power supply voltage is decreased. Furthermore, for 

submicron technology it would not be possible to use 

voltage doublers to enhance the circuit performance 

due to low breakdown voltage of the transistors. The 

main motivation for choosing Analog multiplier is its 

importance in nonlinear analog signal processing 

function finding application of a wide variety in 

adaptive filtering, modulation, frequency translation, 

automatic gain controlling, neural network, fuzzy 

integrated systems, etc. The linearity, speed, supply 

voltage and power dissipation are the main goal of 

design. 

 

The Main specifications of a multiplier are: 

 

Linearity: 

It indicates the factor by which the output is 

dependent on the input parameters linearly for a 

multiplier the error in linearity should be very less so 

that for any change in the inputs output changes 

linearly. 

 

Supply Voltage and Power Consumption: 

This factor tells us the amount of power supply 

required for the whole circuit and according to the 

power supply requirements and the components used 

power consumption can be determined. For a 

multiplier low power supply voltage is required and 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

 

 

 

 

 
797 

minimum no of transistors should be used so that 

power consumption is less. 

Bandwidth: 

The range of frequencies for which the gain of a 

circuit is constant gives the bandwidth of the system. 

For a multiplier the bandwidth should be high so that 

it works properly for high frequencies. 

 

The total harmonic distortion [THD], of a signal is a 

measurement of the harmonic distortion present and 

is defined as the ratio of the sum of the allows the 

components in a loudspeaker, amplifier or 

microphone or other equipment to produce a more 

accurate reproduction by reducing harmonics added 

by electronics and audio media. A THD rating < 1% is 

in high-fidelity and inaudible to the human ear. 

 

Analog multipliers are used in communication 

circuits as well as in neural networks and fuzzy logic 

applications. Phase detector, adaptive filter, function 

generators, frequency doubling and amplitude 

modulation are some applications of analog 

multipliers in communications industry. Voltage gain 

amplifier, signal squarer, RMS signal estimator and 

weight-input multiplication in neural networks are 

some application in signal processing. Phase detector 

is an essential element in phase locked loops. PLLs 

are widely used in frequency synthesizers, 

demodulators, clock generation circuits, clock 

recovery circuits and spread spectrum PLLs. Analog 

multipliers as part of automatic gain control circuits 

used in AM radio receivers and radar systems. Analog 

multiplier is also work as sub-circuit for many 

applications such as adaptive. 

 

II. METHODS AND MATERIAL 

 

Filters and frequency modulators. 

1. Existing Design & Analysis of Four Quardant 

Analog Multiplier 

The multiplier has two inputs, therefore there are 

four combination of two differential signals, i.e. (x, 

y), (x,-y), (-x, y), (-x, -y). The topology of Fig. 1 is 

based on single quadrant multipliers. 

[(X + x)(Y + y) + (X - x)(Y - y)] – [X - x)(Y + y) + (X + 

x)(Y - y)] = 4xy  (1) 

 

Figure 1.  FQAM using Single Quadrant Multiplier 

 

Fig 2 is based on Square law devices. These topologies 

achieve multiplication and simultaneously cancel out 

all the higher order and common mode components 

(X and Y) based on the following equalities 

 

[(X + x)(Y + y)2 + (X - x)(Y - y)2] – [X - x)(Y + y)2 + (X 

+ x)(Y - y)2] = 8xy                                              (2) 

 

Figure 2. FQAM using Square Devices 
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III. Proposed Four Quadrant Analog Multiplier  

 

A CMOS multiplier employing a multiplying quad 

(M1 - M4) is shown in Fig. 3 the multiplying quad 

operates in the triode region, and thus MOSFETs MI-

M4 can be thought of as resistors. For this moment 

we will not consider the biasing of the quad. The 

negative output voltage of the multiplier is given by 

Vo-  =  -R. (ID1 + ID2 )                 (3) 

While the positive output voltage is 

Vo  = -R. (ID3 + ID4 )   (4) 

The output voltage of the multiplier is 

Vout = R (ID1 + ID2 - ID3 - ID4 )      (5) 

A schematic of the multiplying quad with biasing is 

shown in Fig.3. The input signals have been broken 

into two parts (e.g., Vx /2 and -vx /2) to maintain 

generality. In practice, the minus inputs can be 

connected directly to the bias voltages. 

Using, saturation drain current equation and noticing 

that the DC gate-source voltage of all MOSFETs is 

the same, the drain currents can be written as: 

 

 
 

Figure 3.  Analog Multiplier without Biasing 

 

The source of a MOSFET (the terminal we label 

"source" depends on which way current flows in the 

MOSFET) in the multiplying quad is connected 

either to the op-amp or to the x inputs. When the 

sources of the MOSFETs are connected to the op-

amp, all the MOSFETs in the multiplying quad have 

the same threshold voltage. (Since the source of each 

MOSFET is tied to the same potential, the body effect 

changes each MOSFET's threshold voltage by the 

same amount.) If the “+” X input is sinking a current, 

then the sources of Ml and M3 are the "+" X  input 

and thus     VTHN1 = VTHN2 In any case, the threshold 

voltages of the MOSFETs cancel and Eq. Vout = Rβ. 

VxVy 

 

 
Figure 4. Biasing of the Multiplying Quad. 

3.1 Operation of the Proposed Four Quadrant Analog 

Multiplier 

The design of a multiplier consists of designing the 

op-amp, selecting the sizes of the multiplying quad 

and designing the biasing. In order to simulate the 

performance of a multiplier the sum of the 

multiplying factors associated with the voltage-

controlled voltage sources, El and E2, is the open-

loop gain of the op-amp. 

3.2 Performance Analysis of Flipped Voltage 

Follower (FVF) 

It is essentially a cascade amplifier with negative 

feedback where the gate terminal of M1 is used as an 

input terminal and its source as the output terminal. 

It is characterized by a very low output impedance 

due shunt feedback provided by M2, high low supply 

requirement closes to a transistor threshold voltage 

VTH, low static power dissipation and high gain 

bandwidth. The flipped (inverted) voltage follower 
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name is since FVF is applied on the drain side than 

on the side of the source. Variation of the output 

current is absorbed by transistor M2 which is current 

sensing transistor, while the current remains constant 

M1, because of this source voltage of the gate of M1 is 

constant and remains low distortion even at high 

frequency. A practical limitation of the FVF cell is 

that it gives very small input and output signal swing. 

 

Figure 5. Flipped Voltage Follower 

The voltage swing is especially important for analog 

circuits with the trend of supply voltage becoming 

smaller and the noise almost the same. In order to 

obtain an acceptable dynamic range, the output 

swing should be sustained as high as possible. The 

output headroom of flipped voltage follower is 

decreased to VGS -2VDsat which serious limits the 

output swing performance in deep sub-micron CMOS 

process. 

3.3 Offset Analysis FVF differential structure (DFVF) 

The first differential structure based on the FVF cell 

can be built by adding an extra transistor connected 

to node X, as it is shown in Fig. 6. It will be called the 

“FVF differential structure (DFVF).” As indicated in 

the previous section, the impedance at node X is very 

low and its voltage remains approximately constant 

for large currents through M3. 

 

If we consider quiescent condition when V1 = V2, 

and assuming the same transistor sizes for M1 and M3, 

the condition IDM1 = IDM3 =IB is satisfied. A differential 

voltage V1 - V3 generates current variations in M3 

that follow the MOS square law. 

 

 
Figure 6. (a) Basic implements of DFVF (b) DC 

response of    DFVF 

 

This is a very interesting property of the DFVF as the 

maximum output current can be much larger than 

the quiescent current IB. Figure 6 shows the dc 

transfer characteristic for IDM3 versus V1 = V3. The 

typical class-AB behavior can be observed. Another 

characteristic of the DFVF is that the output is 

available as both a current (IDM3, or the current 

though M2 replicated by means of a current mirror), 

and a voltage (node Y). This feature can be 

advantageously employed to simplify the circuit 

implementations reducing both noise and number of 

poles and zeros. Finally, the DFVF can also be 

operated with very low supply voltage. The 

minimum supply voltage is, as in the case of the 

FVFCS, VDD = │Vtp│ + 2VDSsat. Once again, with a 

supply of VDD there would be no room for variation 

of the input signals V1 and V3. It is easy to obtain an 

expression relating the expected variation of V1 and 

V3 with the minimum supple voltage which 

maintains the DFVF cell properly biased [16]. 

3.4 Voltage Controlled Square-Rooting Circuit 

The square-rooting circuit shown in Fig. 7 consists of 

an MOS transistor (M3) and the flipped voltage 

follower (M1 and M2). The transistor M3 in fig.7 is 

used as a simple current-to-voltage converter. When 
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source terminal voltage of M3 is equal to -VTN 

therefore, the current of equation shown as In 

dynamic comparator power is expressed as below [17]. 

Iin  = Id3                                    (6) 

 

Figure 7.  Square-rooting Circuit 

IV. Simulation Result 

4.1 Simulation Results of DDC 

The simulation results are shown in Figure 8 to 

Figure 15.  

The DC transfer characteristics of the FVF cell 

are shown in Figure 10. 

 

 
 

Figure 8. Transient analysis of FVF cell 

 

 
Figure 9.  Frequency response of FVF Cell 

 
Figure 10.  DC Characteristic of Multiplier based on 

FVF cell 

 
 

Figure 11.  AC analysis of multiplier based on FVF 

cell. 
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4.2 Simulation Results Simulation Results in Generic 

130nm Technology 

 

 
Figure 12.  DC Characteristics of Analog 

Multiplier 

 
Figure 13. Transient Analysis of Analog Multiplier 

 
 

Figure 14.  Total Harmonic Distortion of Analog  

Multiplier. 

 

 
Figure 15.  Frequency Dubeller of Analog Multiplier 

 

Table 1 evaluates the performance of the Simulated 

Results of Modified Architecture of Analog 

Multiplier for Different Generic Technologies.  

 

Table 1. Simulated Results of Modified Architecture 

of Analog Multiplier. 

 

 

Parameters 

Technology 

130nm 

(Generic) 

90nm 

(Generic) 

VDD 1.3V 1V 

Bandwidth    

(GHz) 

2.88 4.16 

Power 

Dissipation 

(mW) 

3 5 

        THD (%) 3.14 2 

 

V. CONCLUSION 

 

The postulation basically centered on the plan and 

reenactment of different sort of Four Quadrant 

Analog Multiplier. Here, predominantly three kind of 

simple multiplier design reproduced, first is utilizing 

Differential pair, second is utilizing square-

establishing gadgets and last one is altered 

engineering utilizing viper and subtractor square. 

The all multiplier design is simulated in Generic 

130nm and 90nm advances. Essential simple 
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multiplier engineering makes with multiplier quad 

and operation Amplifier. This engineering has more 

power scattering and moderate transfer speed. This 

trademark improved by second engineering utilizing 

FVF cell with square gadgets which work on low 

supply voltages, low control utilization and wide 

information rang however transfer speed acquire is 

extremely less. The adjusted engineering of simple 

multiplier which given high data transmission in 

GHz term and have a less control dissemination then 

other design and examine absolute symphonious 

contortion of circuit. It can likewise fill in as Analog 

modulator and Frequency doublers. 

 

VI. REFERENCES 

 

[1]. Baker, Li, Boyce 1997. CMOS: Circuit Design, 

Layout and Simulation. 2nd ed. New York: 

John Wiley & Sons. 1997. 

[2]. Stephen H. Lewls, Paul J. Hurst, Paul R. Gray 

and Robert G. Meyer, Analysis and Design of 

Analog Integrated Circuits, JOHN WlLEY and 

SONS, 4th ed., 2001. 

[3]. C. Chen, Z. Li., "A Low Power CMOS Analog 

Multiplier "IEEE Transactions on Circuits and 

Systems .11, Volume 53, pp. 100-104, Feb. 

2006. 

[4]. N. Kiatwarin, W.Ngamkham and W.Kiranon 

“A Compact Low Voltage CMOS Four-

Quadrant Analog Multiplier” ECTI 

International Conference App 2007. 

[5]. Amir Ebrahimi and Hossein Miar Naimi “A 

1.2V Single Supply and Low Power, CMOS 

Four-Quadrant Analog Multiplier” 

International Workshop on Symbolic and 

Numerical Methods, Modeling and 

Applications to Circuit Design (SM2ACD), 

2010. 

[6]. Chaiwat Sakul , Kobchai Dejhan” Squaring And 

Square-Root Circuits Based On Flipped Voltage 

Follower And Applications” International 

Journal of Information Systems and 

Telecommunication Engineering (Vol.1-

2010/Iss.1) pp 19-24 App.2010. 

[7]. Alireza Mallahzadeh, Milad Kaboli and Behzad 

Ghanavati ,” Four-Quadrant CMOS 

Transconductance Multiplier Operating at Low 

Voltage” MIXDES 2010, 17th International 

Conference "Mixed Design of Integrated 

Circuits and Systems", Poland, 2010. 

[8]. Jacek Jasielski and Wojciech Kolodziejski 

presented a “Four-Quadrant CMOS 

Transconductance Multiplier Operating at Low 

Voltage and High-Speed” MIXDES 2010, 17th 

International Conference "Mixed Design of 

Integrated Circuits and Systems", Poland, 2010. 

[9]. Neeraj Yadav, Sanjeev Agrawal, Jayesh Rawat, 

Chandan Kumar Jha “Low Voltage Analog 

Circuit Design Based on the Flipped Voltage 

Follower “International Journal of Electronics 

and Computer Science Engineering p.p. 258-

273. 

[10]. Witold Machowski, Stanisław Kuta and Jacek 

Jasielski presented a “Four- quadrant analog 

multiplier based on CMOS inverters” 18th 

International Conference "Mixed Design of 

Integrated Circuits and Systems", Poland, 2011 

[11]. Amir h. Miremadi, Ahmad Ayatollahi, Amir H. 

Miremadi,” A Low Voltage Low Power CMOS 

Analog Multiplier” IEEE App.2011. 

[12]. Srividya, KR. Rekha and Dr. K.r nataraj 

presented a “VLSI implementation of an Analog 

multiplier for modem” International Journal of 

Engineering Science and Technology (IJEST) 

Vol. 3 No. 2 Feb 2011 pp.1492-1499 

[13]. Om Prakash Kumar, J Michel Suman and Mrs 

Flavia Princess presented “A Novel Four 

Quadrant CMOS Analog Multiplier” IEEE 2012. 

[14]. Ali Naderi Saatlo and Serdar Ozoguz presented 

“CMOS Design of a Multi-input Analog 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

 

 

 

 

 
803 

Multiplier” PRIME 2012, Germany p.p.217-

220. 

[15]. Ramraj Gottiparthy “An Accurate CMOS Four-

Quadrant Analog Multiplier”,Master of Science 

thesis,Auburn University 2006. 

[16]. Amit Chaudhary “Low Voltage Analog Circuits 

Based on Flipped Voltage Follower cell”, 

M.Tech thesis, Thaper University 2010 

[17]. P.Mohan kumar “Low Voltage CMOS Analog 

multipliers”, M.Tech thesis, Thaper University 

2011 

 

Cite this article as : 

 

Priyesh P. Gandhi, "Design and Simulation of CMOS 

Four Quadrant Analog Multiplier ", International 

Journal of Scientific Research in Science and 

Technology (IJSRST), Online ISSN : 2395-602X, Print 

ISSN : 2395-6011, Volume 6 Issue 2, pp. 796-803, 

March-April 2019. 

Journal URL : http://ijsrst.com/IJSRST196490 

http://ijsrst.com/IJSRST196490

