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A Very-High Impedance Current Mirror with High Output Accuracy

ABSTRACT

Bio-medical applications require very high impedance and a
low voltage current mirror. This paper is about a very high
impedance current mirror using 65nm technology which
operates precisely for a range of output voltages with
optimum number of transistors. MOS transistors are used in
the circuit which is used to take the sample of the output
current and give it to the input side. This negative feedback
action makes both the output and input currents equal. The
proposed circuit is also insensitive to the biasing current, this
yields an increase in output impedance when compared to
super Wilson current mirror thus offering a solution to reduce
the effect of low output impedance of deep submicron CMOS
transistors used in low voltage current sources and current
mirrors. A MOS version of the proposed current mirror was
implemented using UMC-65nm CMOS process and
simulated using Cadence to validate its performance. The
output mirror current was inspected for the input voltage
range from 30pA to SOpA.

I. INTRODUCTION

With recent advances in CMOS technologies,
integration of radio-frequency (RF) circuits, baseband signal
processing, and also sensors on a same chip has led to a
terrific growth of interest in smart medical implants and their
applications.  Recently biomedical circuits’ demand
large-voltage compliance current sources and current mirrors
with a high output impedance. Very high output resistance
and low input resistance and precise operation for high output
voltage range are required for high accuracy. Low-voltage
operation requires low output and input voltages also low
supply requirements for the control circuitry used to improve
the mirror’s output and input resistance.

Ultra-low power consumption and low supply voltage of less
than 1V or 1V are critical to make sure that the batteries can
run over a long period of time. Recent developments in deep
sub-micron CMOS technologies are found to be very apt to
reach this goal, since deep sub-micron CMOS transistors can
be operated in weak inversion up to the GHz region with a
satisfactory gain. Also the low threshold voltage of the CMOS
transistors allows designing of the analog circuits which can
operate around 1 V. However, reducing the supply voltage
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and low output resistance of transistors in these deep
sub-micron CMOS processes make it very burdensome to
implement current mirrors and current sources or sinks that
offer very-high output impedance over a large output voltage
range.

The basic operation and performance of the proposed current
mirror is described in section Il. The results of simulation are
presented in section 111 and the conclusions are stated in
section V.

11. Basic operation of the circuit

The basic idea of this circuit is from high-swing
super-Wilson, which offers very high output impedance using
a negative feedback and shown in Fig. 1. The transistors
M1-M4 forms a current mirror which is used to sample the
output current Iy, and compares it with the input current I;,.
High output impedance in Wilson current mirror is achieved
as follows. If there is any increase in the output current due to
an increase in the output voltage through output transistor’s
early effect is sensed by the simple current mirror whose input
is in series with the output transistor. The output current is fed
back to the input node by the simple mirror, reducing the gate
voltage of the output transistor, thus reducing its channel
current and compensating the original current increase.
Because a transistor’s incremental transconductance gain is
typically much larger than its incremental output
conductance, the input voltage does not normally need to
move by very much to compensate such output current
variations.

The output impedance of the Wilson current mirror
circuit is directly proportional to the loop gain which
comprises the combination of current source load and
Common Source amplifiers M1. The output impedance r; of
the high-swing super-Wilson current mirror can be
approximated as:

lout= Om1lo1los
Where ro; and g, are the output resistance and
transconductance of transistors M1 respectively and rgs is the
output resistance of transistors M5.
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Fig.1. Super Wilson Current Mirror
The improved version of the super Wilson current
mirror circuit is shown in fig.2. In this circuit, the drain
symmetry for the transistors M2-M4 is obtained without the
need of an auxiliary current source. It is achieved by placing
Diode-connected PMOS transistors in place of auxiliary
current sources. The transistors M2-M4 are formed as current
mirror and are used to achieve high output impedance. The
diode connected transistor M1 is altered as a cascoded one.
The transistors M2-M4 are used to sample the output current
lout @and compare it with the input current I;,, which changes
the conduction of the transistor M5. Thus the output current
lout 1S made equal to the input current I;,. The transistors
M6-M7 which are diode connected acts as an active load and
increase the output impedance also increases the output
current.
The resistance which has increased is equal to
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Where go1, Go2, Joa: Uos are the output conductance and the
Om1, Om2> Oma, Oms transconductance of the transistors M1, M2,
M4 and M5.

If the transconductance g, of the transistors is much larger
than their output conductance g, then the equation is:

Fout=(Im1//Gme) (Gm2) (ro1) (roz) (ros)
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Fig.2. Improved Super Wilson using 180nm FET

Proposed Current mirror using 65nm technology:

The circuits implemented previously were based on
180nm technology, but in the proposed circuit 65nm
technology is used that is the channel length of the transistor
reduces to 65nm also an extra transistor is added to the circuit
to improve steady output current for a wide range of output
variations of the current mirror. The output resistance of the
modified 65nm technology circuit is given as
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Where g is the combined trans conductance of M1 and MO
transistors also go is the total output conductance of the
transistors M1 and MO.

This output resistance can be approximated when considered
that the transconductance gm of the transistors is much larger
than their output conductance go as:

Fout=(9mt//Gme) (Im2) (Fo1) (Fo2) (Yos)
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Fig.3. Current Mirror Using 65nm technology with added
transistor

If the previous papers circuit is implemented as it is using
65nm technology, the impedance is good enough but the
output is not following the input that is the output is less in
magnitude when compared with the input (shown in figure 6).
The added transistor improves the output current by boosting
up the gate voltage of the output transistor (shown in figure
7).

I11. Results of Simulation
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Fig.4. Voltage Vs Current graph of Wilson Current Mirror at
40pA
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Fig.5. Voltage Vs Current graph of improved Current Mirror
using 180nm technology
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Fig. 6. Voltage Vs Current graph of Current Mirror using
65nm technology
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Fig.7. Voltage Vs Current graph of improved Current Mirror
using 65nm technology with added transistor

IV.CONCLUSION

The proposed circuit offers very high impedance along with a
very high accuracy of output current for a large variation of
output voltage. Thus for a large variation in output voltage we
can get a steady output current for the input current range
from 30pA to 50pA.



ISSN 2347 - 3983

International Journal of Emerging Trends in Engineering Research (IJETER), Vol. 3 No.6, Pages : 354 - 357 (2015)
Special Issue of NCTET 2K15 - Held on June 13, 2015 in SV College of Engineering, Tirupati
http://warse.org/IJETER/static/pdf/I1ssue/NCTET2015sp66.pdf

REFERENCES

1. M. Ghovanloo, VLSI Circuits for Biomedical
Applications. Artech House, 2008, ch. 10, pp. 191-205.

2. J. Ramirez-Angulo, R. Carvajal, and A. Torralba, “Low
Supply Voltage High-Performance CMOS Current Mirror
with Low Input and Output Voltage Requirements,” IEEE
Trans. Circuits Syst. Il, Analog Digit. Signal Process.
(USA), vol. 51, no. 3, 2004, pp. 124-129.

3. Raguvaran.E, Deepak Prasath.N, Alexander.J,
Prithiviraj.N and Santhanalakshmi.M “A Very High
Impedance Current Mirror For Bio-medical Applications”
IEEE Trans. 2011.

4. MICROELECTRONIC CIRCUITS Theory and
Applications FIFTH EDITION by Adel S.Sedra and
Kenneth C.Smith, pp 674-678.

357



