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Abstract
Current mirror is the basic building block, which is widely used 
in analog VLSI design. For high performance analog circuit 
applications, sensitivity and temperature variation should be 
very less. Also it has the wide range of the working frequency. 
This paper describes the self biased cascode current mirror 
and analysis of pre-layout and post-layout simulation of the 
proposed circuit here. To support the analysis, the design is 
simulated using Eldo spice, IC Station and Design Architect 
(Mentor Graphics). To carry out the simulation, TSMC 0.35µm 
technology is used. The proposed scheme has bandwidth 
of 159MHz and has an input current range of operation is 
10µA. 

Keywords
Low voltage analog circuit, current-mode circuit, current mirror, 
analog & mix signal design.

I. Introduction
The performances of the current mode circuits depend strongly 
on performance of employed current mirrors. Usually, high 
current transfer accuracy, high output impedance, low input 
voltage (VIN) and low minimum output voltage (VOUT) are 
expected from a current mirror. The simple current mirror 
is usually far from achieving high accuracy and high output 
impedance, mainly due to channel length modulation effect. 
Both accuracy and output impedance of a conventional double-
cascode current mirror are much higher with respect to a simple 
current mirror, however, input and output voltage swings are 
restricted [3,5-6]. 
Biasing techniques are applied to keep the cascode transistors 
always operating in the saturation region so that the high 
precision and high output impedance can be maintained over 
a large operating range. Many low voltage design techniques 
have been developed to meet the needs of present era of low 
power portable electronic equipment, which drove the analog 
designers to look for innovative design techniques like self 
cascode MOSFETs [4-6]. Current mirror based on self cascode 
MOSFETs and analyzed its various properties through the 
p-spice simulations for 0.35 micron CMOS technology.

Fig. 1: Self biased cascode composite NMOS  transistor and 
its equivalent simple transistor

In practical cases, for optimal operation the W/L ratio of M2 
should be larger than that of M1, i.e. m>1.  The 2nd transistor 
structure can be treated as a composite transistor, which has 
a much larger effective channel length (thus lower output 
conductance).
For the composite transistor to function properly, both M2 and 
M1 should conduct, thus, the following conditions should be 
satisfied:

 0G X TV V V− − >                                     (1)

0G S TV V V− − >
      (2)

We can rewrite eq.1 as,

 X S G S T DSATV V V V V V− < − − =               (3)                       

From eq. (3) we know that transistor M1 must be in linear 
region. Depending on the drain voltage, transistor M2 can work 
in saturation region or linear region.

II. Self Biased Cascode Current Mirror
Fig. 2 shows the circuit topology of the self biased cascode 
current mirror structure. Here, transistor M4 is used for biasing 
purpose to drive transistors in saturation region.

Fig. 2: Self Biased Cascode Current Mirror

Here, the minimum voltage require to turn on the Output 
transistors is 
            Vmin(out)=2VON                                                 (4)
Minimum voltage require to drive the input transistor is
       Vmin(in)=VT+VON                            (5)
 Input and output resistance of the proposed current mirror 
is 

1 3 3out ds m dsR r g r=         (6)

1/in mR g=                       (7)  
     
Here the current transfer ration is excellent because 
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VDS2=VDS1. [1]
Fig. 3(a) and 3(b) show that inverter is used as test circuit for self 
biased cascode current mirror and its output characteristic. 

                          (a)                          (b)
Fig. 3: (a) Proposed Test circuit (Inverter) and   (b) Its output 
characteristics.

III. Design Consideration
The design of the proposed topology is done using Eldo spice, IC 
Station and Design architect (Mentor Graphics).TSMC 0.35µm 
CMOS technology is used for the simulation and layout design. 
The proposed scheme has an input current range of operation 
is 10µA. 

Table 2 and 3 shows the transistor aspect ratios for self biased 
cascode current mirror and for the test circuit respectively.

Table 1:  Technology parameters

Power Supply VDD = 2.5v,
Vss  = -2.5v

Technology TSMC 0.35µm
Model file LEVEL 53 BSCM

Spice Simulator

Eldo Spice,IC Station & 
Design Architect  (Mentor 
Graphics)

Table 2: Transistor aspect ratio for fig. 2 
Transistors W( µm) L( µm)
M1-M2-M3 22 1
M4 8 1

Table 3: Transistor aspect ratios for fig. 3 
Transistors W( µm) L( µm)
M1-M2-M3 8 1
M4 6 1
M5 3 1

IV. Spice simulation results
Here self biased cascode current mirror is used to achieve 10µA 
reference (input) current at the transistors M1 and M2 using 
445 KΩ as load and bias resistance as shown in Fig. 4. [2]

Fig. 4: current drown trough transistor M1 and M2

Fig. 5, shows the variation of the output current due to variation 
of supply voltage VDD (10% Variation) at the transistor M1 and 
M3 with voltage supply range of 2.0V to 2.5V

Fig. 5: Variation of the output Current Iout due to supply voltage 
VDD changes.

Fig. 7, shows the variation of the output current due to variation 
of temperature of -50˚C; +50˚C at the transistor M2 with 
voltage supply range of 0 to 2.5V. 
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Fig. 6: Variation of output current Iout at transistor M1 due to 
temperature variation

Fig. 7: Magnitude and Phase Response

Fig. 7 : shows the magnitude and phase response of self biased 
cascode current mirror.
(1)  Open loop gain=8.02 dB
(2)  Phase Margin=66° 
(3)  B.W-3 dB=1.59 MHz

Self biased cascode current mirror has wide working frequency 
(1.59 MHz) range. Here the phase margin is 66˚, so stability 
of the circuit is good.

V. Layout of the proposed circuits 

Fig. 8 and 9 shows the layout design for the self biased cascode 
current mirror of proposed circuit here and its test circuit 
respectively.  

Fig. 8: Layout for the Proposed circuit (Fig. 2)

Layout design of the circuit is done using by IC Station (Mentor 
Graphics). 
To fulfill the layout work some aspect were considered during 
on these research work. The aspect was the design rule 
consideration in which, lambda (λ) rule has been applied.    

Where, λ=Technology/2=0.35/2≈0.2

Here, Area of Layout1=15374µm2

                       Layout2=11528 µm2

Fig. 9: Layout for the test circuit (Fig. 3)

So, for layout design, divide the width of the transistors with 
0.2         
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Table 4: Transistor aspect ratio for first layout 
Transistors W( µm) L( µm)
M1-M2-M3 22/0.2=110 1
M4 8/0.2=40 1

Table 5: Transistor aspect ratio for second layout 
Transistors W( µm) L( µm)
M1-M2-M3 8/0.2=40 1
M4 6/0.2=30 1
M5 3/0.2=15 1

After the completion of layout design, the process will be 
followed by design rule check, Layout vs. Schematic and 
Parasitic Extraction for post layout simulation purpose. 

VI. DRC, LVS and PEX Results 
These are the important parts for the post layout simulation 
results. Design rule check (DRC), depend on the design rules 
called lambda rule. In which minimum separation require 
between metals or polysilicon.
In layout vs. schematic process, tool finds the similarity between 
the .gds file and .cir file. Here gds is the graphic database file and 
cir consist the simulation code of transistors connectivity. 

Fig. 10: LVS result (For Fig. 8 and 9)
PEX consist, details about the resistance-capacitance results 
of the metal and polisilicon connection.  

VII. Post layout simulation  

Fig. 11: current drown trough transistor M1 and M2

Fig. 12: Variation of the output Current Iout due to supply 
voltage VDD changes.

Fig. 13: Variation of output current Iout at transistor M1 due 
to temperature variation

Fig. 14: Magnitude and phase response
The result of bandwidth is 2.93MHz for post layout simulation 
and 1.59MHz for pre layout simulation.   

VII. Comparison and analysis
This part consist the details about pre and post layout results. 
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Here Fig. 2 and first layout is used for DC analysis. And test 
circuit is used for ac analysis. 
Whole simulation analysis is based on 10µA reference current. 
Here temperature range is between -50º to +50º.   

A. DC Analysis
Table 6, shows the comparison between pre and post layout 
simulation for sensitivity analysis and temperature variation.  
Comparison also includes the dc power dissipation for proposed 
circuit of self biased cascode current mirror.

Table 6: Sensitivity & Temperature Analysis  
Self 
biased 
cascode
 CM

Max.O/P
Current 
Variation
(Sensitivity)

Max.i/P
Voltage 
Variation
  (Temp.)

Pdiss
     (µW)
(Layout1)

Pre-layout 10±1.11µA 2.5±0.001 96
Post-
layout 10±1.01µA 2.5±0.003 98

B. AC Analysis
Here, Table 7 shows the ac analysis, which includes the 
prelayout and postlayout comparison of magnitude, B.W-3dB, 
phase response and unity gain bandwidth.

Table 7: Magnitude, B.W and Phase Response
Self 
biased
Cascode
CM

Magnitude
(dB)

Phase
Margin(°)

B.W-
3dB(MHz)

Pre
layout 8.02 66 1.59

Post
layout 7.96 67 2.93

UGB (Unity Gain Bandwidth):
Pre layout result=3.19MHz
Post layout result=5.82MHz

C. Static Analysis
Table 8, shows the comparison of pre and post layout 
simulation for dc offset value, Input-Output resistance and 
power dissipation for the second layout.  

Table 8: Offset volt., Resistance and Power diss.
Self biased 
Cascode CM

DC offset 
value(V)

Rin
(Ω)

Rout
(Ω)

P.D(µW)
(Layout2)

Prelayout 0.9249 1.71T 1k 920

Postlayout 0.6516 504G 1k 1237

VII. Conclusion
In this paper, self biased cascode current mirror is analyzed 
with different aspects. This topology gives the good result using 
as load circuitry.  Proposed architecture has wide working 
frequency range which is 1.59MHz for pre layout simulation 
and 2.93MHz for post layout simulation. Self biased cascode 

current mirror has good phase margin of 66˚ to 67˚, so it gives 
the stable output current. Here dc offset voltage was applied 
for pre and post layout simulation task to get precise results. 
This is the limitation for low voltage low power applications. 
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