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Abstract: Current mirrors is one of the key elements in Analog circuit design. For high performance Analog circuit applications,
the accuracy and output impedance are the key parameters for determining the performance of current mirror. Designing the
appropriate current mirror topology for the circuit is a matter of tradeoffs between current transfer ratio, power consumption,
area on chip, impedance, expandability etc. The paper presents a novel Improved PMOS Wilson Current mirror that has
excellent characteristics, the result is verified through SPICE simulation on BISIM2 Level 5 parameters.
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1. INTRODUCTION

Since its very introduction, the current-mirror, a widely used
analog integrated sub-circuit, has been greatly modified to
improve accuracy of current transfer ratio and the magnitude
of incremental output resistance.The maturity of Current-
mode analogue signal processing has led to the development
of many systems based on the current-mode approach [1-
3]. This leads to an increase in the use of the current mirror
not only as current reference, but also as a signal elaboration
block, both in continuous time [4-10] and in discrete-time
signal applications [11-15]. It is well known that the Wilson
(Figure 1a) and the improved Wilson current mirrors
(Figure 1b) have better high frequency behaviour then the
cascode current mirror and they still have same advantages
as simple current mirror. Design procedure for MOSFET
current mirror is primarily dependent on the channel width.
The width of the channel affects the transconductance, the
output resistance, capacitance, and the midband voltage gain
of the stage. In digital circuits, the width and the length are
generally of the same order of magnitude [6, 8,14-16]. In
this investigation we propose a novel improved PMOS
Wilson current mirror. The Proposed topology of Improved
PMOS Wilson Current mirror has excellent characteristics.
The circuit is simulated and verified through SPICE
simulator on BISIM2Level 5 parameters. nals rather than
voltage signals.se input and output signals are currents and
their complete circuit funct

2. CURRENT MIRRORS

As the name suggests, current mirror is used to generate
exact replica of a reference current which can be attenuated
or amplified if necessary. In short, the electric function of
the circuit, current mirror is a current controlled current
source. Ideal current mirror has zero and infinite, input and

output resistance respectively, which implies that the input
resistance does not vary with the input currents and the
output currents are independent of applied output voltage.
However, practical current mirrors have a nonzero input and
finite output resistance and they do not truly copy the
currents at the output port. For the accurate reproduction of
the current at the current mirror output, the total input current
must be in the range where both the devices (M1 and M2 in
Figure 1a) operate in saturation. In reality a current mirror
require a minimum voltage at the output to ensure that the
devices operate in saturation. This voltage is called output
compliance voltage. For a simple current mirror (Figure 1a)
minimum voltage required is VDS2. The drain source voltage
of the mirror transistor M1 and M2 (Figure 1a) affects the
accuracy of the output current. The error due to mismatch
in drain to source voltages equals �(VDS2 – VDS1). This
indicates that if the drain source voltages of the mirroring
transistors are not balanced then there will be on offset
current. Accurate mirroring of the signal current requires
perfect matching of the mirroring transistors M1 and M2
(Figure 1a). However imperfections in the CMOS processes
lead to random and systematic errors in devices. Using large
devices a current matching upto 0.1% can be achieved
without special trimming steps [2,3,6].

The implementation of current mirror involves two
transistors, of which one, M1, is diode connected. M1
receives the reference current IRef and measures it by
developing at its gate the voltage VGS1; this voltage biases
the gate of M2. We assume that both transistors operate in
saturation region; therefore the currents are
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 Which enables us to express the output current, Iout, as
a function of IRef , Vout and VDS2. For simplification it is
assumed  �VDS1 = 0. Thus, VGS1 is directly derived from the
former equation and after substitution in the latter equation,
we get
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Apart from the term (1 + �Vout), the output current is a
replica of IRef multiplied by the aspect ratios, W/L of the
transistors M2 and M1. The (1 + �Vout) takes into account
the finite output resistance of M2, that, for a small signal is
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Unfortunately, the value of output resistance which can
be achieved with technologies and medium value currents
used is not large enough for a number of applications.
Different currents mirror schemes may deviate from ideal
behaviour [3, 4, 5, 6]. This is due to

• Imperfect geometrical matching

• Technological parameter mismatch

• Parasitic resistances.

3. WILSON CURRENT MIRROR

The relatively low value of the output resistance of the
simple current mirror can be improved with the Wilson
scheme as shown in Figure 1b. The gate to source voltage
of M1 and M2 are equal, therefore they operate as simple
current mirror, however the addition of M3 and the
established local feedback allows us to increase the output
resistance. The small signal equivalent circuit of the stage
is shown in Figure 2a. Resistance RL represents the external
load seen from the reference current connection. Analysis
of the circuit provides
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Where rT denotes the parallel connection of RL with rds1.
The output resistance solving above equations comes as
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Tranconductances gm2 and gm3 have same order of
magnitude because M2 and M3 are carrying the same current.
Therefore, the output resistance of the circuit is

approximately determined by the output resistance of
M3(rds3) amplified by the factor rTgm1. It is large if rT is large
and inturn, if RL is sufficiently large. This condition is
naturally met when the reference current comes from a
current source. Wilson current mirror suffers from a short
coming. The drain to source voltage of M1 and M2 are
systematically different, in fact
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This is because of the channel length modulation effect
or the final small signal output conductance, reveals a
systematic mismatch between reference current and output
current. Approximately, the reference current is larger then
the generated one by the amount VGS3/rds1 [5-8].

The Wilson current mirror achieves high incremental
output resistance as follows. 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 simple current mirror feeds back the output
current to the input node reducing the gate voltage of the
output transistor there by reducing the 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 current variations. However, if the
output transistor enters its ohmic region, the incremental
output conductance increases to the point that it is
comparable to the transistor’s incremental transconductance
gain. In this case, the input voltage will change by as much
as or more then the output voltage in an attempt to
compensate for changes in the mirror’s output current. The
output voltage is taken at which the output transistor’s
incremental output conductance is on par with it’s
transconductance to be the Wilson mirror ’s output
compliance voltage. If the output voltage drops below this
level, the output current decreases precipitously to zero
while the input voltage rises rapidly towards the positive
power supply rail.

The fact the simple current mirror that senses the output
current requires a diode drop at its input is the source of the
relatively high output compliance voltage and input voltage
that together make Wilson mirror unattractive from a low
voltage design point of view [7-9, 12,16].

4. PROPOSED IMPROVED WILSON CURRENT
MIRROR

The proposed improved Wilson current mirror is shown in
Figure 1c. The systematic current mismatch in the Wilson
current mirror is compensated by the improved solution as
shown in Figure 1c. One additional transistor is used, M4,
which shifts down the voltage of the gate transistor M3.
Therefore, the drain voltage of M1 is given by
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VDS1 = VGS3 + VSD2 – VGS4

If the gate to source voltage of M3 and M4 are equal
(as will be reasonable if they are matched), the VDS voltage
of M1 and M2 will result as equal. The addition of transistor
M4 slightly changes the output resistance small signal
analysis. The transistor. The transistor M4, diode connected,
adds a resistance 1/ gm4 in series with the resistance, RL, of
the reference current. The small signal voltage at the gate
of M3 is expressed by
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Therefore the output resistance changes according to

'3 4
3 1

2 41
�

�
m L m

out ds m T
m L m

g R g
r r g r

g R g

this result is substantially unchanged with respect to the plain
Wilson configuration if RL>>1/gm4. For both Wilson current
mirror and its improved version, the increase in the output
resistance is paid for by a reduction in the output dynamic
range [15,16]. The proposed Improved Wilson Current
mirror has been implemented on Level 5: BISIM2 PMOS.
nals rather than voltage signals.se input and output signals
are currents and their complete circuit funct

5. SIMULATION RESULTS

The proposed topology of improved Wilson current mirror
simulated on BISIM2 Level 5 parameters is shown in Figure
1c. The transient and DC analysis of the proposed circuit is
shown in Figure 3a and Figure 3b respectively. The DC
analysis shows that, the source current of M2 is in accordance
and is a replica of input source which confirms the proposed
current mirror copying the accurate current. Transient
response shows that the input and output transitions which is
similar to each other. This also justifies the performance of
the circuit. The AC analysis of the circuit is shown in Figure
3c. The analysis of result shows that the circuit has excellent
characteristics up to 10 Mhz, after this performances degrades.

Figure 1a Figure 1b

Figure 1a: Simple Current
Mirror

Figure 1b: Wilson Current
Mirror

Figure 1c: Improved Wilson Current Mirror

Figure 2a: Small Signal Model of Wilson Current Mirror

Figure 2b: Small Signal Model of Improved Wilson Current
Mirror

Figure 3a: Transient Analysis of Proposed Improved Wilson
Current Mirror
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6. CONCLUSIONS

The Paper presents a high performance novel improved
Wilson current mirror based on BISIM2 Level 5 parameters.
The circuit has excellent transient and dc response and can
work satisfactorily up to 10 Mhz. Being Improved Wilson
Current the output resistance is high and systematic current
mismatch has been compensated. The circuit can be used in
design of various analog and mixed mode circuit designs.
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Figure 3b: DC Analysis of Proposed Improved Wilson
Current Mirror

Figure 3c: AC Analysis of Proposed Improved Wilson
Current Mirror




