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Abstract-- In many biomedical applications there is a need to use a very high output impedance current mirror which is operating at low voltage. In this paper, “Very high impedance current mirror, with less number of transistors which can operate at low voltage without any additional biasing circuitry” is proposed. The proposed current mirror uses MOS current dividers to sample the output current, yielding very high impedance with a very large output voltage range. A feedback action is used to force input and output currents to be equal. The proposed circuit is insensitive to the biasing current also this implementation yields an increase of the output impedance by a factor of about gm.rout compared with that of the super-Wilson current mirror, thus offering a potential solution to mitigate the effect of the low output impedance of deep submicron CMOS transistors used in low voltage current mirrors and current sources. A NMOS version of the proposed current mirror circuit was implemented using 180-nm CMOS process and simulated using Spectre to validate its performance. The output current is mirrored with a transfer error lower than 1% when the input current is increased from 5 to 40 μA. It offers 1.7x109 Ω output impedance at weak inversion region.
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I. INTRODUCTION

Several biomedical circuits demand large-voltage compliance current sources and current mirrors with high output impedance. In implantable microstimulators, stimulation using precise current sources and sinks provides greater control over the injected charge [1].
The various advancements in the CMOS technologies, helps to integrate radio-frequency (RF) circuits, baseband signal processing, and even Sensors on a same chip. Ultra-low power consumption and low supply voltage of 1 V or less are critical to ensure that the   batteries can last over a long period. 

       Recent deep sub-micron CMOS technologies are found to be very appropriate to reach this goal, since deep sub-micron CMOS transistors can be operated in weak inversion up to the GHz region with reasonable gain, and their low threshold voltage allows designing analog circuits that can operate around 1 V. However, the shrinking of the supply voltage combined with the low output resistance of transistors in these deep sub-micron CMOS processes make it very difficult to implement current mirrors (CMs) and current sources or sinks that offer very-high output impedance over a large output voltage range. 

The performance of the proposed current mirror and its basic operation is described in section II. The simulation results are presented in section III and the conclusions are drawn in section IV.

II. BASIC OPERATION OF THE CIRCUIT
A.  INSPIRATION OF THE WORK


The fundamental design for this circuit is nothing but high-swing  super-Wilson , which offers high  output impedance  using negative feedback is shown in figure(1). The transistor M1-M4 forms a current mirror which samples the output current and the transistor M1-M4 forms a current mirror, it’s output current  is compared with input current. The difference between these currents adjusts the gate voltage of M3, so that the output current ensured to be equal with input current.


The output impedance is directly proportional to the loop-gain which comprises the combination of Common Source amplifiers M2 and current source load. The output impedance of  the high-swing super-Wilson can be approximated as:


rout = Gm2 .r02. r03


The low voltage CM circuit shown in figure(2), in the super –Wilson structure,  the modified the diode connected transistor at the input current arm with the cascoded design. so that the gain is improved as gm rout . In both cases the drain symmetry for the current mirror transistor pair is achieved with the auxiliary current source.
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Figure 1. Super Wilson Circuit
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Figure 2. Low-voltage CM circuit
B. PROPOSED WORK
In our proposed structure, the drain symmetry for the transistors M2-M4 is achieved with out the need of auxiliary current source. It can be achieved by replacing the auxiliary current source with the diode-connected PMOS. The M2-M4 transistors formed as the part of current mirror, to achieve high output impedance the drain symmetry for these transistors must be achieved. The diode connected transistor M1 is modified as a cascaded one. The transistors M2-M4 samples the output current then compared with the input current. It changes the conduction of the transistor M5 and the output current is made equal to the input current.  The diode connected transistors M6-M7 acts as active load, it increases the output impedance as well as the output current.The increased output impedance can be expressed as:
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The earlier proposed circuits are perform well when the input current is in the range of 30  to 40μA. At lower input current, these circuits are failed to produce the exact mirroring due to the preference of negative leakage current as shown in the comparison  graph. Due to the presence of diode connected PMOS, out circuit performs well is the lower input range from  5μA to 40μA range. Also, out circuit provides very less transistor error comparing to the earlier proposed structure.


 TABLE I
DESIGN SPECIFICATIONS

	Parameter
	Proposed Structure

	PMOS ( W/L)
	360nm / 180nm

	NMOS ( W/L)
	360nm / 180nm

	VDD
	1.8V

	No. Of Transistors
	7
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Figure 3. Proposed CM circuit
III. SIMULATION RESULTS
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Figure 4. DC response of proposed CM circuit
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Figure 5. Comparison of DC response at 40uA
Figure (4) illustrates the DC response sweeping from 0 – 1.8V with the input current changes between 0 - 40 µA in steps of 5 µA.
Figure(6) reveals the performance at 40 µA over the other circuits. It gives current mirroring with less transfer error.

Figure(7) Shows, how our circuit is far better the other when the inputcurrent  is very low.
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Figure 6. Comparison of DC response at 5uA
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Figure 7. Comparison of output impedance
From the above shown results, it can be viewed that out proposed circuit need no start-up biasing circuits. Most of the circuits with auxillary biasing introduces negative leakage current which may prone to more noise in implantable biomedical circuits.Our circuit produces less transfer error while mirroring even at 5µA where other circuits failed to produce that much constant current.This circuit offers more impedance to the other ciruits referred in [8] [6].

IV. CONCLUSIONS.

Since, no auxiliary biasing circuit is used, it offers very high impedance due to the presence of the PMOS at both leg. It can be used for the applications where the need to operate with very low current. This circuit can be modified to produce very high impedance at the weak inversion region for ultra deep sub-micron technology. Since we are not using the auxiliary current source, the negative leakage current can be totally avoided at the weak inversion region, so that the noise interference can be avoided in the implantable chip. It shows very less transfer ratio for the 5uA and very high impedance at 0.5 V.
REFERENCES

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

[2] B. Gosselin, M. Sawan, and C. Chapman, “A Low-Power Integrated Bioamplifier With Active Low-Frequency Suppression,”   Biomedical Circuits and Systems, IEEE Transactions on, vol. 1, no. 3, pp. 184–192, Sept. 2007.

[3] L.-F. Tanguay and M. Sawan, “An Ultra-Low Power ISM-Band Integer-N Frequency Synthesizer Dedicated to Implantable Medical  Microsystems,” Analog Integrated Circuits and Signal Processing, pp. 1573–1979, 2007.

[4] 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. II, Analog Digit. Signal Process. (USA), vol. 51, no. 3, pp. 124–9, 2004.

[5] E. Sackinger and W. Guggenbuhl, “A High-Swing, High-Impedance MOS Cascode Circuit,” Solid-State Circuits, IEEE Journal of, vol. 25, no. 1, pp. 289–298, Feb 1990.

[6] A. Garimella, L. Garimella, J. Ramirez-Angulo, A. Lopez- Martin, and R. Carvajal, “Low-Voltage High Performance Compact All   Cascode CMOS Current Mirror,” Electronics Letters, vol. 41, no. 25, pp. 1359– 1360, 2005.

[7] B. Minch, “Low-Voltage Wilson Current Mirrors in CMOS,” in IEEE ISCAS, New Orleans, LA, USA, 2007, pp. 2220–2223.
[8] Louis-Franc¸ois Tanguay, Mohamad Sawan, and Yvon Savaria , “A Very-High Output Impedance Current Mirror for Very-Low Voltage Biomedical Analog Circuits,” Circuits and Systems, 2008. APCCAS 2008. IEEE Asia Pacific Conference on    Date:Nov. 30 2008-Dec. 3 2008.







_1362073183.unknown

_1362073836.unknown

_1362071089.unknown

