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Abstract—In this paper, a low voltage high performance current
mirror is presented. Its most important specifications, which are
improved in this work, are analyzed and formulated proving that it
has such outstanding merits as: Very low input resistance of 26mqQ,
very wide current dynamic range of 8 decades from 10pA to ImA
(160dB) together with an extremely low current copy error of less
than 0.6ppm, and very low input and output voltages. Furthermore,
the proposed current mirror bandwidth is 944MHz utilizing very low
power consumption (267uW) and transistors count. HSPICE
simulation results are performed using TSMC 0.18um CMOS
technology utilizing 1.8V single power supply, confirming the
theoretically proved outstanding performance of the proposed current
mirror. Monte Carlo simulation of its most important parameter is
also examined showing its sufficiently resistance against technology
process variations.

Keywords—Current mirror/source, high accuracy, low voltage,
wide dynamic range.

I. INTRODUCTION

ECHNOLOGY down scaling introduces great advantages

in the performance of both digital and analog integrated
circuits. It is well-known that shrinking transistor feature size
increases intrinsic speed of devices and lowers both the supply
voltage and the power consumption. Furthermore, low power
circuit design is greatly demanded for portable systems.
However, lowering power supply imposes added constraints
upon circuit design including the current mirrors which are
among the most important and widely used building blocks in
VLSI designs. They are aimed to exhibit low input and high
output resistance, high gain accuracy, large current dynamic
range, high input and output compliances, and high
bandwidth. Decreasing power supply imposes some limits on
these characteristics especially the accuracy and the dynamic
range. Hence many researches can be found dealing with
improving the problems of low voltage current mirrors [1]-[4].
Also some low voltage design techniques such as using body
driven, multi floating gate transistors, sub threshold, and self
cascode schemes are introduced in literatures [5]. The
common widely used low voltage current mirror is the well-
known low voltage (high swing) cascode (LVC) current
mirror shown in Fig. 1 (a). It has rather low input and output
voltage, moderately low input and high output resistance, and
high accuracy. The modified version of this current mirror
which provides lower input impedance and lower input
voltage is shown in Fig. 1 (b), in which the input current is
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applied to the drain of mirror transistor M1. However, this
modification degrades both accuracy and current dynamic
range, and introduces some offset current to the circuit. The
offset current can be removed by removing bias current from
output or drain of M1 [6], but the accuracy and dynamic range
problems still exist. This is due to the fact that there is a
difference between drain source voltages of M1 and M2
resulted from the difference between currents of cascode
transistors M1C and M2C. This problem can be reduced using
regulated cascode version of the circuit (see Fig. 1 (c)) which
employs an amplifier to compare drain — source voltages of
mirror transistors and use to improve the current copying
accuracy. In [7], [8], the comparative study of LVC current
mirrors are given where in [7] are compared those possible
LVC implementations in which amplifiers are not included.
Then in [8] are compared those LVC structures which include
amplifiers, hence, exhibit better performances. There are,
however, some high performance amplifiers used in the
mentioned current mirror [9], [10] providing very low input
impedances of 0.012 and 0.01 ohm, low current copy errors of
0.05% and 0.1%, and very high output resistance of 2.3GQ
and 8 GQ respectively. But these circuits suffer from higher
power consumption (as are mentioned in Section III), and
offset currents (due to FVF scheme). Furthermore, in these
circuits the feedback loop contains a very high impedance
node which degrades input impedance frequency response.
Moreover, the circuit proposed in [10] uses floating gate
transistors in its feedback loop which has its limits and needs
expensive technology to be implemented. On the other hand,
the well-known conventional method to achieve wider current
dynamic ranges is using adaptive bias scheme as is used by
[11], [12] which although helps the current mirror to preserve
a better current copying accuracy in the provided wide current
dynamic range. However, the current accuracy is not
sufficiently improved. Nevertheless, these latter circuits
cannot achieve good values for such parameters as input
resistance and bandwidth. Furthermore, in most cases adaptive
bias scheme needs extra power consumption and results circuit
complexity. In addition, current copying error of all these
schemes is still high (about 0.05%) and is inadequate for those
high performance applications which need low current
copying errors. Therefore, in this work, a very high
performance current mirror is designed which combines all
merits of; extremely low current copy error, low input and
output voltage, very low input resistance, high output
resistance, ultra-wide current dynamic range, relatively low
power consumption and large bandwidth.
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Fig. 1 Low voltage cascode current mirror (a) regular cascode (b) modified low voltage version (c) regulated cascode version
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Fig. 2 Conceptual schematic of the proposed ultra-high performance current mirror

II. PRINCIPAL OF OPERATION

The conceptual schematic of the proposed high
performance current mirror is shown in Fig. 2 where
transistors M1-M2 and M1C-M2C form a low voltage cascode
(LVC) current mirror. Bias currents of Ib1 and Ib2 are applied
to the drain of M1C and M2C respectively. Input current is
applied to the drain of M1 and output current is taken from the
drain of M3 which its source is connected to the drain of M2.
This arrangement provides very low voltages for input and
output nodes. The gate of M3 is controlled by the feedback
loop composed of M3, M2C, and amplifier “-A2”. This
feedback causes a very high output impedance due to its very
high loop gain. On the contrary, at the input side, the feedback
loop composed of transistors M1, M1C, and amplifier “A1” is
so arranged that introduces a very low input impedance. The
gate voltage of cascode transistors, M1C and M2C, is driven
by the constant bias voltage of VB. This configuration has
some advantages over such well known structures as low
voltage regulated cascode and adaptive bias schemes as
follow:

1) The gate of both cascode transistors is connected to the
same voltage of VB. On the other hand, bias currents of
Ibl and Ib2 have the same value. These two conditions
together set the drain-source voltages of M1 and M2 to be
equal. Furthermore, using amplifiers “A1” and “-A2”

2)

3)

equals the drains voltages of transistors M1C and M2C,
too, which leads to further equality of drain voltages of
M1 and M2 and significantly reduces the current copying
error.

Any variation of input voltage due to input current, is
amplified by the order of feedback loop gain and is
applied to the gate of transistors M1 and M2 granting
some outstanding merits as: a) very low input resistance.
b) Drain voltage variation of M1C is A times smaller than
variation of gate voltages of M1 and M2 which firstly
certifies the equality of voltages of the drains of M1C and
M2C, and secondly allows gate voltages of M1 and M2 to
have rail to rail variation, resulted in an ultra-wide current
dynamic range (about 8 decade from 10pA up to 1mA as
is specified in Section IIT) and an ultra-low current coping
error. On the contrary, in regulated cascode version, the
gates of M1 and M2 are connected to drain of MI1C
making it to receive much more voltage variations to be
handled with acceptable linearity. Moreover, gates
voltages of M1 and M2 cannot have rail to rail range, the
value which disturbs matching state of M1 and M2 and
degrades gain accuracy and current dynamic range.

In this configuration each feedback loop consists only one
high impedance node resulting a very wide bandwidth for
the block.
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Fig. 4 Proposed current mirror employing simple amplifier

Amplifiers “A1” and “-A2” must be carefully designed to
satisfy -1) Drain — source voltage equality of M1C and M2C, -
2) Output of “~-A2” must be float to allow M3 to so set its gate
voltage to obtain a very accurate copy of input current.

Fig. 3 shows two transistor level implementations of these
amplifiers. In Fig. 3 (a), transistors M1PA — M4PA configure
amplifier “Al1” and transistors MINA-M2NA configure
amplifier “- A2”. Resistors of Riarge are used to adaptively bias
M2PA and M2NA. Resistors of Rraee can be simply
implemented using a transistor operating in its cutoff region
which provides very large resistance in very small chip area.
Using this adaptive bias scheme causes all transistors of
amplifiers to have the same currents and eliminates the
requirement of other biasing networks which need critical
design and lead to more power consumption. On the other
hand, using capacitors of Cuu duplicate the gain of both
amplifiers. Having the same currents causes MI1PA and
MINA to have the same gate - source voltages which provide
equal voltages at the drains of M1C and M2C. Fig. 3 (b)
shows the self cascode version of Fig. 3 (a). Since a self-
cascode amplifier provides a higher gain than the simple one

thus it improves such current mirror parameters as input and
output resistance, and accuracy. However, it degrades the
frequency response due to increasing the nodes’ impedance.
Fig. 4 shows transistor level implementation of the proposed
current mirror

A. Small Signal Analysis

1. Low Frequency Analysis

Considering Fig. 4 and for operating frequencies of
f >1/(27R| argeCpat ) the small signal transfer function of

amplifiers “Al1” and “-A2” is given by (1) and (2),
respectively:

_VoutAl _ 9m2PA(Im2PA+Im4PA) (1)

AV, = _
AL 7 Vinal ~ 9m3PA (9ds2PA +9ds4PA )

_VoutNA _ _ 9mINA +Im2NA 2)
AV_p2 = -
Vin-A2  OgsiNA *9dsaNA

Now using KCL in input node gives:
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n = 9dsVin +glegl ®)
where

_ Imic | . (4)
Vgl AVA1[1+gdslch'n

Substituting AVa1 from (1) into (3) we get:

~_ 9m3PAYdsic(9ds2PA +9ds4PA)
M gm19micIm2PA (Im2PA +Im4PA ) (5)

_ 9dslc
Imi19micAVAlL

Relation (5) shows that the input resistance of the proposed
circuit is inversely proportional to the gain of amplifier “A1”
thus the input resistance can be decreased by increasing the

Coapn  Varen ||
Vina1=Vg1pa I I I

VOUtA1

Cd IPAZ—=  Jmapra Jds3PA JdsapA GmapAVsgiPA
gdPA

gain of amplifier “A1”. This resistance also can be reduced
setting suitably the parameters of gmi, gmic, and asic.

The same analysis can be done in the output node of circuit
witch gives the output resistance of Roy as:

gm39m20(9m1NA+9m2NA)

gdslgdszcgds3(9dslNA +9d52NA) (6)

_9m39Im2cAV-A2
Ods19ds2c9ds3

R

out ~

Relation (6) shows that the output resistance of the
proposed current mirror is proportional to the gain of amplifier
“-A2”. Any increment in gain of amplifier “-A2” helps current
mirror to achieve higher output resistance. The same argument
applies for the self-cascode version (if implemented), whose
Rout 1s greater than that of simple version (at least) by a Factor

of (Zm1 .20 NA/Zds1.26NA)-
Jds2NA % % ; Im2NAVsg2NA

Vout, A2

Vina2=Vyina

c CdZPA Cdr\&
GSIPAZZZ JdsipA (‘ Im1PAVgs1PA  Jds2PA gm2PAVgsspA [ T

gsINA
Jds1NA ¢Qm1NAvgs1NA f—

l

Fig. 5 High frequency equivalent circuit for the proposed simple amplifier

2. High Frequency Analysis

The high frequency equivalent circuit of Fig. 4 is shown in
Fig. 5. Referring to this circuit and performing some circuit
analysis and simplifications, one can get the frequency
response of current transfer function as:

1 1 2
g 2[1+s J(Hs ]
_lout _ m Z] Z) (7)

m = =
lin gm1(1+152][1+152]
P1 P2

where

1 _Cdsic

Z1  9mlc

1 CgdNACANA

9 9m2c (9dsINA +9ds2NA ) ®)
1 CgdNACgs3AV_A2

FTI_ 9m39ds2c

1 Cgdi1Cd2PA

P2 Im1(9ds2PA +9ds4PA )

Relation (7) shows that if frequency of Zero is smaller than
that of Poles, the response will have overshoot otherwise the
frequency response will not have overshoot but this time the
frequency bandwidth will be smaller than the previous case.
This goal can be achieved by either adjusting the parameters
given in (8) or using compensation scheme.
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Fig. 10 Monte Carlo analysis performed on current transfer curve of the self-cascode version of proposed circuit

TABLEI
COMPARATIVE PARAMETERS OF THE PROPOSED CURRENT MIRROR WITH OTHER RECENT WORKS
This work
Reference (7l (81 el (1ol (i [12] Fig. 4 Self-cascode version
Rin (Q) 27 33 0.012 0.01 NA NA 0.085 0.026
P (uW) 341 218 NA NA NA NA 264 267
BW (MHz) 907 185 222:11;1:"‘;‘50; fl%A 200 0.1 60 944 522
Vdd (V) 1 1.5 1.8 3 1.8 1.8 1.8 1.8
Vin (V) NA NA NA NA NA NA 0.4 0.4
Vout (V) NA NA 0.46 0.15 NA NA lin(igg@;;A 0.3@ Iin=30pA
Dynamic range (dB) NA 56.9 NA NA NA NA 160 160
Offset NA 830nA NA NA NA NA TpA TpA
Current transfer error (%) 0.5 2.5 0.05 0.1 0.05 NA 0.0006 0.00006
Ibias (nA) 50 50 10 25 NA 50 1 2
Technology (CMOS) g?é\fx?n (;r?é\ffn AMI 0.5um AMI 0.5 pm (;rlsé\f& 0.5 um g?gﬁg, TSMC 0.18um

III. SIMULATION RESULTS

HSPICE simulations were carried out using TSMC 0.18um
CMOS technology utilizing single 1.8 V power supply. The
aspect ratios of the transistors for all structures; LVC (if used),
proposed (a) and proposed (b) are as: M1PA - M4PA, MINA
- M2NA=0.9/0.54, MICPAM4CPA, MICNA -
M2CNA=3.6/0.54, M1 - M2=9/0.54, M1C — M2C=19.8/0.54,
M3=18/0.18 (Fig. 4), and M3=18/0.36 (self-cascode version).

For implementing of Riarge a transistor with aspect ratio of
0.36/5.4 is used. Cpy is chosen to have a value of 1pF which is
small and is not a critical issue in chip area. In Fig. 6, the input
impedance frequency responses of both versions of the
proposed current mirror are compared with that of the LVC
current mirror which present very low input impedance for
proposed current mirror (26mQQ for the self-cascode version).
It must be noted that, compared to LVC, the input resistance
of the proposed circuit is reduced more than 1000 times while
preserves the same frequency bandwidth. Moreover, the input
resistance of the self-cascode version is smaller than that of
the simple one which validates the results noted in sec II
Frequency response of the proposed current mirror is shown in
Fig. 7 with -3dB frequency of 944MHz for the current mirror
(including the simple amplifier) which is about twice of that of
LVC current mirror. This curves prove the results obtained

from (7). DC transfer function (Ioy versus Iiy) of the proposed
current mirror is compared with that of the LVC one in Fig. 8.
The curves show very vide current dynamic range of 160dB
and favorably very low current transfer error of 0.6ppm for the
proposed current mirror. Fig. 9 compares the output current
versus the output voltage of the proposed current mirror with
those of the well-known LVC current mirror when Iy is swept
from 10 pA to 100 pA in 10 pA steps which proves low
voltage operation capability of the proposed circuit. The
minimum output voltage of the proposed circuit to operate in
high impedance mode is about 0.46 V for 100 pA. Monte
Carlo analysis is performed to simulate the fabrication and
process variation condition with applying 10% mismatch to
the B and Vry and is shown in Fig. 10 DC current transfer
curve in terms of frequency. The Monte Carlo analysis results
prove that the proposed circuit is sufficiently resistant against
the process variations. In Table I, the parameters of the
proposed circuit are compared with some advanced new
current mirrors. It must be noted that also the dear writers of
[9], [10] did not mentioned power consumption of this works
but it can be estimated from currents and supply voltages that
the value of this parameter is at least 288uW and 300 pW for
[9] and [10], respectively.

317



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:10, No:2, 2016

IV. CONCLUSION

A low voltage high performance current mirror is presented
in this work. Its operation is explained in details and its most
important parameters which are improved in this work are
analyzed and formulated. The proposed current mirror is
simulated using TSMC 0.18um technology while working
with single power supply of 1.8V. The HSPICE simulation
results confirm the theoretically proved outstanding
performance of the proposed current mirror as: ultra-wide
current dynamic range and extremely small current mirroring
error. It also presents very low input resistance, very low input
voltage and very low output voltage. Furthermore, the
proposed current mirror can operate in very high frequencies
consuming very low power.
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