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Abstract: In this paper, we propose a floating resistor
with positive and negative resistance operating at lower
supply voltages. The circuit uses only two transistors
between the supply voltages, which enable to operate it
at low supply voltages. Moreover. the circuit uses fewer
number of transistors compared to the reported work.
The gate terminal is used in this circuit for the current
addition/subtraction at the terminals of resistor. The
characteristic of the proposed circuit is verified using
HSPICE for the power supply +/-1.5V.

1 Introduction

In CMOS technology, different design- methods
have been proposed for resistors. More often, the
resistors were implemented as polysilicon strips or
diffused strips, which were passive devices. When the
need of programming the resistance value electrically
was seen, floating resistors came into the picture. These
floating resistors are characterized by having a control
voltage for tuning and input/output nodes floating. The
reported works designed these types of circuits with
MOS transistors operating in either saturation [1}, or in
linear region [2]. To use floating resistors as synaptic
weights in Analog Neural Network, we need wider
resistance range and equivalent resistance with positive
value as well as the negative value. As a result, we have
proposed floating resistors having both positive as well
as negative resistance values [5], [6]. Both of these
circuits use more than two numbers of transistors
between supply voltages that restrict these circuits, when
power supply is reduced [7]. On the contrary, the
proposed circuit uses only two transistors between the
supply voltages, which enable it to operate at low supply
voltages. Here, current subtraction is carried out at the
gate terminal of the two end points of resistor. Moreover,
the circuit uses non-linear cancellation technique
proposed in [8]. The characteristic of the proposed circuit

is verified using HSPICE for the power supply +/-1.5V.

2 Design method

Design method which is being used here. can be
explained through a simple block diagram shown in
Fig.1. Two endpoints in the block diagram represent two
terminals of resistor where current and voltage are
supplied. And current subtraction is carried out at the
gate terminal of a MOSFET by wiring, wherein the same
transistor is used for input/output voltage, because the
current through the gate terminal of MOSFET is zero.
Non-linear cancellation block will provide a linear V-1
relation for the circuit.
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Fig. 1. Block diagram representing the design.

3 Circuit description

Fig. 2 shows the circuit diagram of floating
resistor featuring positive resistance. The nodes 1’y and
%y are the two terminals of the resistor. All the transistors
are being operated in the saturation region and it is
assumed that, for all the transistors, bulks are connected
to sources. The drain current for the N-channel MOSFET
in the active region is given by

I, =K (Vs “VT)2> (@)

where K = % £,C oy » WL is the aspect ratio, i the

ox »

electron mobility, Coy the gate oxide capacitance, V7 is
the threshold voltage and Vs is the gate-source voltage.
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In this circuit, transistors M, to M, are the transistors for
non-linear cancellation and remaining transistors are the
current mirrors. The equivalent resistance of the circuit
can be expressed by

Vi =V, V=V,

]lN ]OUT

R=

(¢))

The necessary condition for any resistor circuit is that,
the input current is equal to the output current, namely,

Iy=loyp=5+1,-1, -1, 3
The currents flowing through M, to M, are given by

Iy =Ky -V, _VT)Z’
7, :K(VX 'VCI _Vr)z,
13 :K(VY _VC] _VT)Z’

I, =Ky, —V.,=V,)". @

Where K is the transconductance value of transistor M,
0 W Substitution of 7;, I, I3 and I, in (3) resulis in
he cyrrent at input/output terminal equal to

Iy =1y =2K(Vy =V )Ver —Ver) 5

Substitution of (5) in (2) results in equivalent resistance
>qual to

R = I )
2KV, =Ve))

)

“romy (6) it is clear that the resistance of this circuit is
nversely proportional to the difference of control
roltages Vi and Vi, where K is constant in this circuit.
WheRever V¢, is greater than Ve, the circuit is going to
ypergte as a resistor circuit with positive resistance,
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Fig.2. Circuit diagram of floating resistor.

Alternatively, when 1. is greater than ¥, the circuit is
going to work as negative resistor. Because the numbers
of transistors between the supply voltages are only two,
this circuit is assumed to operate at low supply voltage as
the voltages V¢, and Vi are near V.

4 Performance Analyses

So far we made calculations assuming that
transistors were operated by square law current equations.
It is necessary to calculate second order effects such as
channel length modulation, mobility reduction to
estimate the non-linearity of the proposed circuit.

4.1 Transistor Mismatch

Assume those Transconductance parameters of
M, and M, equal to K + AK and that of M; and M,
equal to K —AK . Also, threshold voltage of M; and

M; are assumed to be equal to V. + AV, and that of

M, and M, equal to V, —~AV, . As a result, the

current at the input/output terminals is,
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Iy =loy =KWy =V)Ver =Ver)
VItVE+VE+VE + 2V}

+AK| + 20V} + 2V, V, + 2VC2VT D
20KV + VYV +Vey +2V7)

—2KAV, (Vg +V ey ~ 2V —2V;)

4.2 Channel Length Modulation
When channel length modulation is considered,
the drain current of MOSFET is given by,

I=KWVgs _VT)2(1+’1VDS),

where A is the channel length modulation coefficient
and V is the drain source voltage. By considering the
channel length modulation, the cumrent at the
input/output terminal is calculated as

Iy =loyr =K Vy =Vi)Ver —Ver) ®
@+ AW, +V, + 2V, - 20, — 2V, —2;)]
where Vp  is the drain voltage of M, to M.

4.3 Body Effect

Body effect is ignored here as the bulk of all the
transistors are connected to the source.

Both the equations (7) and (8) contain non-linear
terms which results in linearity error in our proposed
resistor circuit.

5 Simulation results

HSPICE at level 28 is used for the circuit
simulation and Vpp and Vgs are kept at 1.5V and -1.5V
respectively. The simulation of circuit is carried out by
varying the voltage Vo from ~1.3V to -1.5V while
keeping the voltage Ve at -1.4V. And the obtained
resistance values are from 140Kohm to oo and
—140Kohm to — o0 as shown in Fig.3. Fig.4 shows the
plot of conductance against the voltage across the
resistor.
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Fig.3. V-l characteristics of floating resistor.
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Fig.4. Plot of conductance verses voltage.

6 Conclusions

We have proposed a floating resistor with
positive and negative resistance operating at lower |
supply voltages by using only two transistors between
supply voltages. Our structure uses gate terminal for the
current addition/subtraction. Simulation results from
HSPICE at level 28 and supply voltage +/-1.5V confirms
our proposal.
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