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Abstract
Since 1971 Integrated Circuits are the essence of Electronics 
Engineering. Transistors are frequently used active device in these 
ICs. For operation of ICs, proper biasing is essential. Current 
mirrors made by using active devices have come to be widely 
used in analog integrated circuits both as biasing elements and 
as load devices for amplifier stages. The use of current mirrors in 
biasing can result in superior insensitivity of circuit performance to 
variations in power supply and temperature. This paper compares 
different current mirror circuits using Pspice simulation tool using 
0.35u technology.
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I. Introduction
Current mirrors are one of the most common buildings Blocks 
both in analog and mixed-signal VLSI circuits. A current mirror 
is an element with at least three terminals, as shown in Fig. 1. 
The common terminal is connected to a power supply or ground, 
and the input current source is connected to the input terminal. 
Ideally, the output current is equal to the input current multiplied 
by a desired current gain. If the gain is unity, the input current 
is reflected to the output, leading to the name current mirror. 
Current mirrors are very useful elements for performing current-
mode analog signal processing. On the other hand because of 
increasing demand to low-power devices, designing the low-power 
circuits is taken great consideration. The conventional method to 
decrease the power consumption is lowering the power supply. 
But lowering power supply limits voltage dynamic range and 
introduces some constraints to circuit designs. Current mirrors 
mimic the performance of an ideal current source. Therefore their 
designs must fulfill the following requirements [1]:

Input impedance should be zero1. 
Output impedance should be infinite2. 
Output current should be constant over wide swing of 3. 
voltage
Accurate copy of input current. 4. 

Fig. 1: Current-Mirror Block Diagrams Referenced to (a) Ground 
and (b) the Positive Supply [1]

This paper presents the description of simple and cascode current 
mirror and their operation. A brief description of Wilson current 
mirror and low voltage current mirrors, namely, self cascode 

current mirror and FGMOS current mirror are also presented in 
this paper. Lastly, all the current mirror circuits described here are 
compared in terms of their output and input impedance, current 
gain, minimum output voltage and power dissipation using PSpice 
simulation tool.

II. Simple Current Mirror
The simplest form of a current mirror consists of two transistors 
as shown in fig. 2. The drain-gate voltage of M1 is zero; therefore, 
the channel does not exist at the drain, and the transistor operates 
in the saturation or active region if the threshold is positive 
(neglecting channel length modulation effect). M1 is said to be 
diode connected. Assuming that M2 also operates in the active 
region (neglecting channel length modulation) and that both 
transistors have infinite output resistance, Id2 is controlled by 
Vgs2, which is equal to Vgs1 by KVL. Therefore, 
                                  Vgs1=Vgs2   (1)
Equation (1) shows that the overdrive of M2 is equal to that of 
M1. Hence,

    (2)
       
          
If the transistors are identical, (W/L)2 = (W/L)1, and therefore,
 
Iout = Id2 = Id1     (3)

Equation (3) shows that the current that flows in the drain of M1 
is mirrored to the drain of M2. KCL and (3) at the drain of M1 
yield 

Iout = Id1 = Iin                                   (4)

 Thus for identical devices operating in the active region with 
infinite output resistance, the gain of the current mirror is unity. 
This result holds when the gate currents are zero. In practice, the 
devices need not be identical. Then from (2) and (4),

   (5)

Equation (5) shows that the gain of the current mirror can be 
larger or smaller than unity because the transistor sizes can be 
ratioed. Therefore it allows precise copying of the current with 
no dependence on process and temperature. In practical situation, 
the effect of channel length modulation cannot be ignored. As a 
result the output current, Iout will be

   (6)

While Vds1=Vgs1=Vgs2, Vds2 may not equal Vgs2 because of 
the circuitry fed by M2. Therefore, this effect results in significant 
error in copying currents.
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Fig. 2:  Simple Current Mirror [1]

III. Cascode Current Mirror
The cascade of a common source stage and common gate stage is 
called a “cascode” topology. The cascode connection achieves a 
very high output impedence. Since this is a desirable characteristic 
for a current mirror, exploring the use of cascodes for high 
performance current mirrors is natural. In ideal condition, the 
effect of channel length modulation is simply ignored. Fig. 3. 
shows cascode current mirror. If Vy remains close to Vx, then 
Iin ≈ Iout. Proper choice of the dimensions of M4 with respect to 
those of M2 yields Vgs4=Vgs2. Fom KVL, Vgs4 + Vx = Vgs2+Vy. 
Thus if (W/L)2/(W/L)4=(W/L)1/(W/L)3, then Vgs4 = Vgs2 and 
therefore, Vx=Vy. This result holds even if M4 and M2 suffer 
from body effect. We have

   (7)

Since Vx=Vds3 and Vy=Vds1, we will have 

    (8)

Fig. 3: Cascode Current Mirror [1]

Here the current gain depends only on aspect ratio of the transistor. 
Therefore accurate current gain can be obtained. Also this topology 
provides an increased output resistance without feedback that is 
the desired requirement for enhancing the performance of the 
mirror. 
The input voltage of the MOS cascode current mirror in fig. 3 is 
Vin = Vgs3 + Vgs4 = Vt3 + Vov3 + Vt4 + Vov4 The input voltage 

here includes two gate-source drops, each composed of threshold 
and overdrive components. Ignoring the body effect and assuming 
the transistors all have equal overdrives, Vin = 2Vt + 2Vov Also, 
adding extra cascode levels to increase the output impedance 
increases the input voltage by another threshold and another 
overdrive component for each additional cascode. Furthermore, 
the body effect increases the threshold of all transistors with Vsb 
> 0. Together, these facts increase the difficulty of designing the 
input current source for low power-supply voltages.

IV. Other Current Mirrors
Wilson current mirror is the current mirror circuit named after its 
inventor George Wilson. The circuit consist of negative feedback 
network to improve the performance. Here, in fig. 4, if the current 
through M3, Iout, increases, it causes an increase in current through 
transistor M2. This increase in drain current through M2 is linearly 
reflected in M1 causing its drain current to increase. Now since Iref 
is constant, this increase in drain current through M1 will cause a 
voltage drop across the gate of M3 which causes Iout to be stable 
thus, enhancing the performance by providing an increased output 
impedance. Biggest drawback of this circuit is the mismatching 
between the output and input side. 

Fig. 4: Wilson Current Mirror

Cascode structures have been employed in a number of analog 
designs. However, the use of cascode structure increases the gain 
but it decreases the output signal swing at the same time. The 
self-cascode does not require high compliance voltages at output 
nodes and provides high output impedance to give high output 
gains. This approach has potential applications in low-voltage 
design [5]. The advantage offered by self-cascode structure is 
that it offers high output impedance similar to that of a cascode 
structure while output voltage requirements are similar to those 
of a single transistor. The self-cascode structure, as shown in fig. 
5, is mainly used to increase the gain in amplifiers and to enhance 
the performance of current mirrors. In other word, better circuit 
performances under the same voltage supply requirement.

Fig. 5: Self Cascode Current Mirror [3]
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The Current Mirrors are basic elements for the design of low 
voltage circuits and many low voltage current mirror circuits 
have been developed. Most of these circuits have low compliance 
voltage at output node but many of them have high compliance 
voltage at the input node. There are few circuits only which have 
low input and output compliance voltages. However they have 
high offset current, thus limiting operating range. To increase their 
operating range, a technique named as multiple inputs floating 
gate (MIFG) is used [4](as shown in fig. 6).

Fig. 6: FGMOS Based Current Mirror (FCM) [4]

FGMOS based current mirror is shown in fig. 6. A FCM employs 
two input FGMOS where one of the gate terminals is used for 
signal processing purpose and the other is used for modulating 
the threshold voltage.

V. Performance Analysis
Different current mirror circuits described has been analyzed 
using PSpice simulation. The transistors used for implementing 
different current mirror circuits have been modeled using 
0.35micron technology. Table 1 shows the comparison between 
different current mirror circuits on the basis of the simulation 
results obtained.
Ideally, the current mirror should have output current independent 
of the voltage between the output and common terminals. But 
practically output current depends on the output voltage. This 
effect is characterized by output impedance of the current mirror. 
High output impedance is desired at the output, in order to make 
output current almost independent of output voltage. From table 
1, self cascode [3], provides the highest output impedance when 
compared to other current mirror circuits in the table. High output 
impedance means output current to depend on input current and 
minimization of variation of output current with output voltage. 
Also, a minimum voltage is required at the output in order to keep 
the output device(s) in active region. Minimizing the value of 
minimum output voltage maximizes the range of output voltages 
for current mirror. From table1, FCM and simple current mirror 
provides the minimum voltage at the output in comparison to 
other. This is because both these circuits have only one transistor 
at the output. As the number of transistors increases in the output 
circuit more voltage is required to keep them in saturation. For 
example if the number of stages increases in cascode current mirror 
circuit, the output impedance will increase but, output voltage 
swing falls. When the input current source is connected to the 

input terminal, it reduces the positive voltage drop that reduces 
the available voltage across the input current source. Therefore, 
the input impedance of the current mirror circuit should be low, 
especially in low voltage application. FCM [4] and self cascode [3] 
current mirrors are widely used in low voltage design application. 
Power dissipation depends upon the number of transistors used 
for implementing the circuit. Cascode current mirror dissipates 
maximum power when compared to others.

Table 1: Comparison of Different Current Mirrors

Current 
mirrors

Output 
imped-ance
(ohm)

Gain

MIN. 
output 
voltage
(V)

Power 
dissipation 
(W)

Input 
impedence
(ohm)

Simple 
current 
mirror

1.045
E+05 0.995 0.50 1.90

E-03
5.024
E+02

Cascode 
current 
mirror

1.129
E+09 1.00 0.88 2.15

E-03
1.005
E+03

Wilson 
current 
mirror

8.970E+09 1.00 0.55 1.93
E-03

3.356
E+04

Self 
Cascode
[3]

2.028E+11 1.00 0.60 1.95
E-03

5.194
E+02

FCM 
[4] 2.566E+05 0.998 0.50 2.50

E-04
5.010
E+02

Fig. 9: Current Transfer Characteristics

Fig. 10: Comparison of Input Characteristics
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Fig. 11:  Comparison of Output Characteristics

VI. Conclusion
This paper compares the different configuration of current mirror, 
namely, simple, cascode, Wilson, self cascode and FGMOS current 
mirrors in terms of their output and input impedance, minimum 
output voltage, power dissipation and current gain. It has been 
observed that self cascode and FCM are suitable for low voltage 
application. However, the self cascode current mirror is much 
superior to FCM in terms of current gain. Properties of FCM can 
be enhanced by modifying its biasing condition. Wilson current 
mirror provides very high output impedance but, due to large input 
impedance cannot be used for low voltage application. Also, when 
compared to other current mirror circuits, its noise immunity is 
the least. Cascode configuration provides high output impedance 
and this impedance increases with increase in number of transistor 
but at the cost of noise immunity.
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