
Lebanese Science Journal, Vol. 9, No. 2, 2008                      91 

OTANPS SYNAPSE LINEAR RELATION 
MULTIPLIER CIRCUIT 

 
Hussein Chiblé 

Faculty of Tourism and Hospitality, Lebanese University, Bir Hassan, Beirut, Lebanon 
hchible@ul.edu.lb 

 
(Received 14 October 2008  -  Accepted 22 December 2008) 

 
 

ABSTRACT 
 

In this paper, a four quadrant VLSI analog multiplier will be proposed, in order to 
be used in the implementation of the neurons and synapses modules of the artificial neural 
networks. The main characteristics of this multiplier are the small silicon area and the low 
power consumption and the high value of the weight input voltage.   
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INTRODUCTION 
 

Neural networks are particularly attractive for VLSI implementation as each paral-
lel element (neuron or synapse) is relatively simple, allowing the complete integration of 
large networks on a single chip. Moreover, as noted by several authors, Neural Networks are 
most efficiently implemented by asynchronous analog circuits because they are generally 
faster and require less hardware (lower transistor count) than digital VLSI implementations 
(Mead, 1989; Mead & Ismail, 1989; Vittoz, 1994).   

 
Hollis and Paulos (1990) present recursive Neural Networks VLSI implementations 

with resistive interconnections that use MOSFET analog multipliers to construct weighted 
sums. The network have been fabricated and successfully tested, and it is based on the Hop-
field network (Hopfield & Tank, 1985). But it doesn’t have the learning process.  
 

Kub et al. (1990) described in their paper an analog VLSI approach for implement-
ing an analog vector-matrix multiplier, which is completely compatible with standard VLSI 
technology. The feasibility for using capacitive storage for analog multiplier weight values 
was demonstrated. MOSFET triode multiplier circuits were described for performing analog 
multiplication with the analog weight values dynamically stored at the gates of MOSFET 
transistors. The limitation of the MOSFET triode multiplier approach is the requirement for 
low-input-impedance summing amplifiers.  
 

In Saxen and Clark (1994), a four quadrant CMOS analog multiplier is presented.  
The multiplier uses the square-law characteristics of an MOS transistor in saturation. The 
active area is 10670 µm2. Both inputs can be varied between -0.8V and 0.8V. The problem of 
this multiplier is the high silicon area.  
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Lee et al. (1995) presented a four quadrant CMOS analogue multiplier based on a 
transconductance and a circuitry to cancel some none idealities. This multiplier has large 
dynamic input range, good linearity and can provide either a differential output current or 
voltage. These properties make the multiplier very suitable for use in the implementation of 
artificial neural networks. However, the complexity of the circuits and the use of many tran-
sistors and the use of the triode region not on the saturation region of the transistor is a real 
problem.  
 

In Han and Sinencio (1998), a tutorial of more than 70 CMOS transconductance 
multipliers is presented, but these circuits are suitable for signal processing such as filter, 
mixers, and modulators in a communication system and some of them for neural networks. 
 

Valle et al. (1996) proposed a non-linear multiplier to implement an artificial neural 
networks. It has an exponential relation between the output current and the weight input volt-
age and a small linear range relation between the output current and the other input voltage.  
 

In order to improve the learning of the neural networks, Chiblè (1997) modified the 
multiplier proposed in Valle et al. (1996). A quadratic relation instead of an exponential rela-
tion between the output current and the weight input voltage was proposed. The multiplier 
proposed has been used to design an analog CMOS self-learning multilayer perceptron chip, 
which has been fabricated and successfully tested. The evaluation of the multiplier and their 
none idealities and none linearities on the behavior of the back propagation analog hardware 
implementation and their effect on the learning of neural networks are discussed and pre-
sented in details in Bo et al. (1997). 
 

In order to achieve or to be near the ideal case, in which the neural networks can 
learn and work better, Chiblè (2000) modified the multiplier proposed in Chiblè (1997). A 
linear relation instead of a quadratic relation between the output current and the weight input 
voltage ([0:5]V) was proposed.   
 

By reducing the supply voltage from 5V to 3.3V, and also by using the circuit as a 
Transconductance, Chiblè (2004) improved the multiplier proposed in Chiblè (2000). The 
circuit has been fabricated and successfully tested.  
 

In Kapanoglu and Yildirim (2004), a low power-four quadrant CMOS analog mul-
tiplier for artificial neural networks is presented. The power consumption is 133µw, and the 
power supply is 5V and the linear dynamic range of inputs is ±lV. 
 

In Zhangcai et al. (2006), a wide dynamic range four quadrant CMOS analog mul-
tiplier using active feedback is presented with ±1.8V input dynamic range and ±2.5V supply 
voltage. It includes 20 transistors and 6 resistors and two amplifiers. It is not suitable for arti-
ficial neural network implementation.  
 

Chiblè and Ghandour (2007) improved the multiplier proposed by Chiblè (2004) in 
a way to use only the same type of transistors N-type or P-type. In this case, no need to take 
into account the effect of electron mobility between P-channel and N-channel and also in this 
case the layout design time is less.  
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In this paper, a new version of the multiplier is proposed, in order to simplify the 
layout and to reduce the silicon area and power consumption. It is based on the multiplier 
proposed in Chiblè (2004), but the currents I1 and I2 can be connected together in a shortcut 
as it will be explained in this paper. The multiplier also can be divided into two parts: one 
part of the circuit can be embedded inside the synapse, and the second part can be embedded 
inside the neuron. This will save the area by reducing four transistors for each analog multi-
plier and consequently four transistors for each synapse in the neural networks. This paper 
includes the following sections: the OTANPS proposed multiplier circuit, the simulation re-
sults, the synapse & neuron implementation, and finally the conclusion. 
 

THE OTANPS PROPOSED MULTIPLIER CIRCUIT 
 

The OTANPS proposed multiplier circuit is shown in Figure 1(a). It is based on the 
multiplier presented in (Chiblè, 2004), which is based on OTAN “Operational Transconduc-
tance Amplifier ‘OTA’ with N-channel differential transistors” and on OTAP “Operational 
Transconductance Amplifier with P-channel differential transistors”. For simplifying, the 
circuit in Chiblè (2004) is called OTANP (OTAN & OTAP).  

Vw

Vdd

Vin

Vref
Iout

Vin

Vref

M1

M2 M3

M8

M9 M10

M4 M5

M6 M7

M13 M14

M15 M16

I1 I1I2

I2

I12

 
(a) 

Vw

Vd
d

Iout

Vin

Vref

M1

M2 M3

M8

M9 M10

M4

M5

M6 M7

M13

M14

M15 M16

I1 I1I2

I2
I12

 
(b) 

Figure 1. (a) OTANPS multiplier circuit; (b) OTANPS in a new form. 
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Circuit description 
 

The proposed multiplier circuit is called OTANPS, because it is based on OTANP 
with shortcut between I1 and I2. 

 
The main difference between this multiplier and the one described in (Chiblè) 

(2004) is the direct connection or the shortcut of I1 and I2. 
 
Why I1 and I2 are connected together? Because one of the two currents I1 and I2 will 

exist at a time: I1 will go only to OTAN and I2 will go only to OTAP.  
  
The multiplier can be divided into two parts:  
The first part of the circuit can be embedded inside the synapse and it contains the 

following transistors (M1, M2, M3, M4, M5, M8, M9, M10, M13, and M14); 
 

The second part can be embedded inside the neuron and it contains the following 
transistors (M6, M7, M15, and M16).  
 

The advantage is to save the area by reducing four transistors for each analog mul-
tiplier and consequently four transistors for each synapse in the neural networks and globally 
it will save four transistors multiplied by the number of synapses. 

 
The disadvantage is the presence of the effect of the electrons mobility due to the 

use of OTAN and OTAP. This effect can be vanished (other multiplier version) by using two 
OTAN and two N-channel transistors M11 and M12 connected to M10, as it is explained in 
details in Chiblè and Ghandour (2007). 

 
To simplify the layout design and the division of the circuit in synapse and neuron 

modules, Figure 1(a) can be viewed in a new form as in Figure 1(b), which will be explained 
in next section. 
 
Circuit equation 
 

If M1 and M2 work in strong inversion and in saturation region, then the current I1 
is given by:  

( ) )1(..........
2

2
121 THTHw

n VnVV
n

I −−×=
β

 

The derivation of this equation is explained in details in (Chiblè, 2000), where n is 
the slope factor usually smaller than 2 which tends to 1 for very large values of the gate volt-
age (Vittoz, 1994), VTH1 and VTH2 are the gate threshold voltage of M1 and M2, βn is given 

by:
21

111
βββ

n
n

+= , β1 and β2 are respectively the transfer parameter of transistors M1, 

M2. The transfer parameter of any transistor equal to (µ*Cox*W/L); µ is the carrier mobility, 
Cox is the gate oxide capacitor per unit area, W/L is the channel width-to-length ratio. The 
same method can be used to calculate the current I2 that passes in M8 and M9. It is given by: 
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VTH8 and VTH9 are the gate threshold voltage of M8 and M9, βp is given by: 
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, β8 and β9 are respectively the transfer parameter of transistors M8, M9. 

 
The currents I12 in function with Vw is given by: 
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By designing well the transistors’ dimensions, the following two approximations can be 
taken: 

89
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By substituting I1 and I2 in the above equation, then I12 becomes: 
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The output current Iout is given by: 
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If M4, M5, M13, M14 work in strong inversion, then Iout-n and  Iout-p are given by (Chiblè, 
2000): 

( )refinnout VVI
n

I −=− 12
5,4β

 

( )inrefpout VVI
n

I −=− 12
14,13β

 
 
Where Vin varies in the range [1.55:1.75]. If the following approximation is assumed: 

nny
14,135,4 ββ

β ≈≈
 

 Then Iout-n and  Iout-p becomes: 
 

( )refinynout VVII −=− 12β
 

( )inrefypout VVII −=− 12β
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By substituting Iout-n and  Iout-p in Eq.(4): 
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By substituting I12 “Eq.(3)” in the above equation: 
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The above equation is simplified as follows: 
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Eq.(5) represents the multiplication equation of the multiplier circuit, where it is clear the 
direct multiplication process between the two inputs Vin that varies in the range [1.55V: 
1.75V] and Vw that varies in the range [0:Vdd] and Vref=1.65V is the reference ground volt-
age. 
 

SIMULATION RESULTS 
 
Circuit dimensions 
 

The dimensions “width and the length” of the MOS transistors have been computed 
on the base of the technology parameters (e.g. the mobility of the electron, oxide capacitor, 
etc…). Table 1 shows the designed dimensions (width µm/length µm) of each transistor.  

 
TABLE 1 

 
The Dimensions of the Transistors 

 
M1 M2 M3 M4 M5 M6 M7 
1/1 4/8 1/8 3/3 3/3 4/4 4/4 
M8 M9 M10 M13 M14 M15 M16 
1/1 4/8 4/8 12/3 12/3 4/4 4/4 

 
The dimensions of the transistors are calculated and designed based on the follow-

ing considerations:  
M1, M2, M3 are designed in a way to create I1 ≈  0 when Vw less than or equal to Vref; 
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M8, M9, M10 are designed in a way to create I2  ≈  0 when Vw greater than or equal to Vref; 
M4, M5, M13, M14 are designed in a way to make OTAN and OTAP work in strong inver-
sion region;  
M6, M7, M11, M12, M15, M16 are designed as current mirror; 
The dimensions of the transistors M4 and M5 must be equal; 
The dimensions of the transistors M13, and M14 must be equal; 
The value of the dimensions of the transistors M4, M5 must be different than the dimensions 
of the M13, and M14 because of the mobility factor, where of the mobility of N-channel tran-
sistors are bigger nearly three to four times than the mobility of P-channel transistors. 
 

The silicon area of all transistors in this multiplier is 260 µm2, which is lower than 
in Chiblè (2004) by nearly four times. Including all layout design restrictions and metals area, 
this area will be little increased. The neuron transistors (Figure 5) are M6, M7, M15, and 
M16, then the multiplier circuit neuron silicon area is 64 µm2, and as result the multiplier 
circuit synapse silicon area is 196 µm2.  
 
Circuit simulation 
 

The proposed circuit have been designed and simulated by using the WinSpice 
“Wspice3 Simulator for Windows” and by using the spice level 8 and the  
parameters of a CMOS 0.35µm technology. .  The current I12 versus the input voltage Vw is 
shown in Figure 2. The output current of the proposed multiplier Iout versus the input voltage 
Vw and the output current Iout versus the input voltage Vin are shown respectively in Figure 3 
and Figure 4: 
Iout in Figure 3 varies in the range [-2.5ua:2.5ua] and Vw varies in the range [0:3.3] with step 
0.3 and with Vin as parameter varies in the range [1.55:1.75] with step 0.01.  
Iout in Figure 4 varies in the range [-2.5ua:2.5ua] and Vin varies in the range [1.55:1.75] with 
step 0.01 and with Vw as parameter varies in the range [0:3.3] with step 0.3. 
 

 
 

Figure 2. I12 versus the input voltage Vw. 
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Figure 3. OTANPS simulations - Iout versus Vw and with Vin as a parameter. 

 

 
Figure 4. OTANPS simulations - Iout versus Vin and with Vw as a parameter. 

 
The simulated error due to the mismatch of transistors M3 & M4 and transistors 

M13 & M14 is equal to 40nA. It is calculated as follows: when the input voltage Vin=1.65V, 
the output current Iout = 40nA, instead of 0nA in the ideal case.  
 
Circuit consumption 
 

The circuit consumption is measured by the Maximum Power Dissipation “MPD” 
of the circuit, which is given by multiplying the total maximum current Imax derived from the 
power supply voltage Vdd times Vdd. If OTAN is on or works (Vw>Vref) then OTAP is off and 
vice versa if (Vw<Vref), then MPD is given by: 
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Where,  
MPD (M1,M2) = Imax(M1,M2) * Vdd; 
MPD (M6) = Imax(M6)* Vdd; 
MPD (M7) = Imax(M7)* Vdd; 
MPD (M8,M9) = Imax(M8,M9) * Vdd; 
MPD (M10) = Imax(M10) * Vdd; 
 
Then MPD becomes: 
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If OTAN is on or works (see Figure 1):  
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From the current mirror concept: 
 
Imax(M8, M9) = Imax(M10) 
Imax(M6) = Imax(M7) 
I12 = Imax(M1, M2) 
 
Then I4 is given by:  
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Eq.(6) becomes: 
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From the simulation results, Vdd=3.3V, Imax(M1, M2) = 6µA and Iout = 2.5µA, then: 
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Finally the MPD of the multiplier circuit is the worst case, which is 47.85µW. If the 

circuit is divided into synapse and neuron modules, then MPD will be dispersed between 
them. In synapse will be 39.6µW because: 
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In neuron will be 28.05µW because: 
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Comparison 
 

A comparison between the proposed multiplier and the other multipliers are pre-
sented and summarized in Table 2.  The silicon area and the MPD of the proposed multiplier 
in this paper will be further reduced; when the circuit is divided into two parts (see next sec-
tion).  The silicon area and MDP become 540 µm2 and 39µW respectively. 

 
TABLE 2 

 
Comparison between the Proposed Multiplier and the other Multipliers 
 

 
Multiplier in Area MPD 
Chiblè (1997) 6060µm2 30 µw 
Chiblè (2000) 4900µm2 15 µw 
Chiblè (2004) 3600µm2 14 µw 

This paper 720µm2 48 µW 
 
 

SYNAPSE AND NEURON IMPLEMENTATION 
 

This section will explain the implementation of the OTANPS proposed multiplier 
circuit (see Figure 1) in the multi layer perceptron neural networks.  Figure 1(b) can be 
viewed in another way as shown in Figure 5. The synapse part contains 10 transistors and the 
neuron part contains 4 transistors. They are connected together through three wires metals A, 
B and C. Figure 6 is the Figure 5 viewed as two black boxes. 
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Figure 5. It is Figure 1(b) divided into two parts, one inside the synapse and one inside 

the neuron. 
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Figure 6. It is Figure 5 viewed as two black boxes. 

 
Figure 7 shows N synapses connected to one neuron. The simulation of one synapse 

connected to one neuron (Iout versus Vw) is shown in Figure 8 and the simulation of five syn-
apses connected to one neuron (Iout versus Vw) is shown in Figure 9. It is clear that the values 
in Figure 9 equals the values in Figure 8 times 5, which is the number of synapses. This will 
verify the correct operation of the proposed multiplier. 

Vw

Vd
d

Iout
Vin

Vref

Vd
d

SYNAPSE 1 NEURON

A

B

C SYNAPSE 2

A

B

C X X X X X X X SYNAPSE N

A

B

C

A

B

C

 
 

Figure 7. N synapses connected to one neuron. 
 

 
Figure 8. Iout versus Vw for one synapse connected to one neuron. 
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Figure 9. Iout versus Vw for five synapses connected to one neuron. 

 
 

CONCLUSION 
 

In this paper, a new version of four-quadrant analog multiplier has been presented. 
The proposed multiplier can be used especially in neural networks applications and also in 
other signal processing operations. The multiplier has small silicon area (260µm2) and low 
power consumption (47.85µW). The power consumption and the silicon area will be further 
reduced (196 µm2 and 39.6µW in synapse and 64 µm2 and 28.05µW in neuron), after dividing 
the circuit into the synapse and neuron modules. The circuit simulation of the multiplier and 
the circuit simulation inside the synapse and neuron modules have been presented. The future 
work will be focused on using this multiplier to design and fabricate multi layer perceptron 
neural network chip.   
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