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Abstract

Analog design can be considered as design procedure which fall underboth the voltage-mode and the current-
mode form of signal processing. A new approach of current amplifier, integrator, differentiator and low pass
filter design using CM (current mirror) is presented in this work, all the proposed circuits were tested in
HSPICE (Hewlett Simulation Program with Integrated Circuit Emphasis) using 45nm CMOS
(Complementary metal oxide semiconductor) technology and it is found that the obtained results are
according to their theoretical values. Theproposed circuits are employing the NMOS (n-type metal oxide
semiconductor) CM and these circuits can be considered as a LVLP (low voltage and low power). The analog
circuits along with the proposed topologies are very attractive because of their simple structure and easy
implementation of operations. The current mirror circuits fulfil the requirements of a modern low-power
wireless and biomedical applications such as complex filters for Bluetooth low-IF (intermediate frequency)

receivers and Wavelet filters for cardiac signal detection etc.

Keywords:Current mirror, current amplifier, Current mirror integrator, Current mirror

differentiator, Current mirror low pass filter, Current mirror filter.
1. Introduction

The current mirror circuit has served as basic building block in current mode Analog circuit design. Current
mirror circuit plays an important role to decide the overall circuit characteristics. Now days integrated circuit
industry concentrating on developing devices which employing the following properties like low-voltage
operation, low power consumption, wide bandwidth and minimum area requirement, therefore there is extreme
need for low-voltage Analog circuit designs [1-3].The current mirror is a two terminal device, as its name
implies it is having a property to copy the input current at the output terminal, and the output current is
independent on output terminal voltage and depends only on the input current [5-8].In this paper, the analysis of
basic and scaled version of the current mirror is presented and also their suitable involvement into the designing
and fabrication ofLVLP analog circuits like integrator, differentiator and low pass filter designing is verified
with the help of HSPICE tool based on 45nm CMOS technology.
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2. Methodology
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The different circuits have been designed using current mirror. The HSPICEsoftware is used to

simulate the circuit performances. The CMOS 45nm technology has been used to import the model file in

HSPICE. The typical process to simulate the current amplifier, integrator, differentiator and low pass filter has

been explained through flow chart shown in figure 1.

Figure 1.Flow chart ofsimulation process in HSPICE Software [9].
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3. Circuit description

3.1The Simple Current Mirror

A current mirror is used to copy or multiply the input current. It is often used as a bias circuit that provides
a known current to an Analog circuit like a common-source amplifier with an active load. A simple NMOS
current mirror is shown in Figure. 3.1. It comprises two NMOS transistors M1 and M2, one of which has the
base and drain connected and the other does not, assuming that M1 and M2 have same width and length and
Ves1 = Vps1 = Vesz2 = Vpsz.Because the MOSFETS have the same gate-source voltages, it is expected them to

have same drain current. Neglecting channel length modulation, the currents relations can be expressed as

let = (%) tn Cox (w |I-:]1 (Vgs - Vth)2 (3.1)

lout = n Cox 2 (Vgs - Vth) 2(3-2)
vdd=1

A
=100k v
+
+ +
vs=0 ( — 4 vx

Figure 3.1Simple NMOS current mirror.

3.2 Scaled Current Mirror

The applied input current is source to a first current turn around circuit for sinking a current at a
terminal thereof substantially equal to the input current. A current mirror provides an output current that is
scaled in magnitude with respect to an applied input current includes first and second current turnaround circuits

and circuitry coupled between the two current turnaround circuits which is responsive to the first current
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turnaround circuit for sourcing a current to the second current turnaround circuit the magnitude of which is
scaled with respect to the input current that is sourced to the first current turn around circuit. By dividing the

equation (3.2) by equation (3.1), we get the equation (3.3)

fent _ [WIL]Z
ref (WLl

(3.3)

typically,the lengths of the device in the current mirror are equal, and at the same time if channel length
modulation is neglected (A = 0), the output gain will be reflected as equation (3.4).
fout _ W2

ref E(34)

M1 }74’ M2

Figure 3.2Current amplifier using CM.

By simply changing the width and length of the another transistor the output current can be scaled up or scaled
down. Using this property of current mirror,current amplifier circuit is designed, by using two NMOS transistors
M1(w=45, 1=45) and M2(w=90, |1=45) of different parameters and a resistance Rs of 100kohm.The output

current can be seen across Vo, which is a pseudo voltage of OV. The proposed circuit is shown in figure 3.2.

3.3 Current mirror Integrator

The integrator circuit is proposed using NMOS current mirror as shown in the fig 3.3 and the given circuit is
composed of a NMOS current mirror. In the designing of integrator circuit, it is assumed that (W/L) ratio of
both the transistors are kept equal with a capacitor connected at the gate terminal of both NMQOS transistors.
This circuit produces the similar response as of passive integrator but at a very low voltage of 1v.Which can be

seen across the pseudo terminal voltage Vo of 0V.
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Figure 3.3 current mirror Integrator.

3.4 Lossy current mirror integrator

The lossy current integrator which consists of an nMOS and a pMOS current mirror is shown in figure
3.4. The given circuit can be easily extended to a multi-input and multi-output structure by adding input current
sources parallel to li and output transistors parallel to M4.The output current is given by Iy = (Is + I; ) where I; is

the input signal current and it is assumed that (W/L) ratios are equal.

Tis)= = (3.4)

In the equation (3.4) gm2 and gm4 are respectively the trans-conductance of transistors M2 and M4. The R1 and
R3 are respectively the input resistance of transistors M1 and M3. Thus we can realize a lossy current
integrators which can be used as a first-order filter section.

* &D o M3 | el s
o ani
. In @J_rvm=u
&

A+
9 Vo=0
M1 |74| M2
— — E 1K
— Cl=1p
L v

VDD =1

Figure 3.4Lossy Current Mirror Integrator.
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3.4 Design of Differentiator using current mirror

Differentiator are almost same in architecture as that of integrator except the interchange in the position
of resistor and capacitor As per the simple RC differentiator circuit, the capacitor is connected in the series of
the supply voltage and the resistance is shunt connected in circuit similarly in CM differentiator the capacitor is
connected in series with supply current I and the current mirror is connected as given in the figure 3.4, with the

assumption that both the transistors in CM having the similar aspect ratios.

VDD=1
Is

V=0 Vo=0

M1 }__’ M2

kv

Figure 3.4 Differentiator using NMOS Current Mirror.

3.5 Design of Low Pass Filter

A new topology of low pass filter design is presented here in figure 3.5 with the current mirror
Integrator. The circuit is mainly consisting of three blocks first two block is integrator and last block is current
amplifier. The circuit architecture is very simple and capable of working at a very low voltage of 1volt. For
current amplification scaled current mirror is used, as the whole circuit is made up of only six NMQOS transistors
and two capacitors therefore, the power dissipation in the circuit is also very small almost negligible. The whole
circuit is consisting of two current mirror integrator connected in cascade with a current amplifier at the output

terminal and a feedback resistance of value 1kQ is also connected.

VDD =1

To=10u L) N
R Vo=0
+ Rl=1k -
Vb =0vi— —_

M6

Figure 3.5Low pass filter using CM Integrator.
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The capacitors used in the circuit is of a very low value i.e. 1pF, so the power dissipation throughout the circuit
is also very less almost negligible therefore, the above LPF is suitable for low voltage and low power (LVLP)
circuits. Similarly, in the same manner high pass filter can be designed using CM differentiator. The higher

order filters as well as oscillators can also be designed using CM integrator/differentiator and low pass filter.

4. Result and discussion
4.1 Simulation Results of simple and scaled current mirror

The simulation result of simple NMOS current mirror is as shown in the figure 4.1 (a). The reference
current is not exactly 4puA.The x-axis is a sweep of the voltage across the current source, V, (from Ov to 1v). It
can be seen from the graph below at Vps<: (=180 mV here) M, triodes and the output current, I,, goes to zero.
The output compliance range for this current source (the range of the output voltages where the current behaves
like a current source, that is, not an open or a resistor) is between Vpp and Vps . The point where Vo= Vpg; =
Vs1 (at 600mV) is where 1, = I ¢ and this condition is important for the matching two currents. Finally, it can be
deciphering from the result that I, and Vgs; are not dependent on V,,

The simulation result scaled NMOS current mirror is shown in the below figure 4.1 (b). The parameter
of the M, NMOS is scaled by two times in comparison to M, transistor hence the output current is the twice of
the reference current, this can be seen from the below graph for reference current 4uA the output current is 8pA

on varying the output voltage from Ov to 1v along x-axis .the current values are shown along the y-axis. This

circuit can also be used as the current amplifier.

Figure 4.1Plot of (a) simple NMOS Current mirror and (b) Scaled NMOS current mirror in HSPICE Software.
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4.2 Simulation result of current mirror integrator and lossy integrator

The graph of transient response for square wave of the current mirror integrator shown in the figure 4.2
(a). This graph is between time and the current, the time is taken along the x-axis and the current is taken along
the y-axis. The output is taken in between 1ns to 100ns, when input is high the output current rises until the
input current is high, which depicts the charging behaviour of the capacitor, and when the input current is low
below OA the output current falls which depicts the discharging behaviour of the capacitor of 1pf value, from the

result it is clear that the circuit is behaving like an integrator.

The behaviour of the lossy current mirror integrator circuit is shown in figure 4.2 (b). The graph shows
the lossy CM integrator circuit that clearly reflects the perfect behaviour of the integrator, as square wave is
taken as the input signal then the output is the perfect triangular wave, which is mathematical integration of the

square wave. So, this result clears that for the perfect and practical integration of the signal lossy type integrator

circuit is more suitable.

Figure 4.2(a)Behaviour of the CM integrator and (b) Behaviour of the lossy CM integrator.

4.3 Simulation result of current mirror differentiator and low pass filter

The result for the transient behaviour of the NMQOS current mirror differentiator circuit presented in the
fig.4.3 (a), a square wave is applied as input of the differentiator circuit and the corresponding output shows the
similar pattern differentiation of original signal is found, the output voltage is zero when the input voltage is
constant. The rate of change is zero but as the input changes suddenly from 1.5pA to500nA at t=0, t= 20n,
t=50n and so on, there is a maximum change in voltage associated at this instant of time. Therefore, a large
output current is produced at the corresponding times where input changes from high to low suddenly. The

output current has a positive spice and it is depicted in the output waveform.
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Fig. 4.3 (a) Input and output waveform of the differentiator and (b) Low pass filter waveform.

The response of the AC analysis of the low pass filter shown in the Fig. 5.4 is shown below in the Fig. 7.6
and Fig. 7.7. These plots having magnitude on the vertical axis and frequency on the horizontal axis and in
fig. 7.7 the horizontal axis has logarithmic scale, in such a way that the physical distance between 0 Hz and 5
Hz is the same as the physical distance between 5 Hz and 10 Hz, and so forth. The general shape of the curve
is almost perfectly flat in the passband, and then it begins to drop more rapidly as the input frequency
approaches the cut off frequency. This configuration allows to quickly and accurately assess the behaviour of

a filter over a very large range of frequencies.

The plot predicts the given circuit passes only the low pass frequencies and blocks the frequencies
those are above than the critical frequency. The circuit is given 1v supply in the input terminal for which it is
producing the behaviour of the LPF with the cut-off frequency of 72.821 Hz. fig. 7.7 shows the phase shift
behaviour of the LPF circuit, the output of the filter lags the input (negative phase shift).

5. Conclusion
The growing technology demands for the portable devices operating at low voltage with low power dissipation,
urges the need for designing the circuit operating in current mode. In the HSPICE 45nm technology the
simulation results are reflected that the results obtained are very similar and identical to the theoretical results
and values of the respective conventional circuits. The simple NMOS Current mirror is used for the designing of
the different devices for the Analog signal processing like current amplifier, Integrator, Differentiator and low
pass filter. The current mirror is the basic building block of the current mode synthesis, so the whole process
involved in the circuit operations are solely due to the current flow, as there is no need of the conversion of
current into voltage in whole process which generally required in the conventional circuits based op-amp and in
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simple RC. There is no voltage loss occurred throughout the circuit designing and in its operation. Thedesigned

circuits presented in this study can be said as LVLP circuits.
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