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Abstract: The current mirror is one of the most basic building blocks both in analog and mixed mode VLSI circuits
especially for active elements like as op-amps, current conveyors, current feedback amplifiers etc. At large supply
voltages, there is a trade — off among speed, power and gain. The main characteristics under consideration are
voltage, power, dynamic range, bandwidth, low offset voltage, high output voltage swing. The purpose of this work
is to design a CMOS low power, low voltage current mirror with enhanced dynamic range. Most of the analog systems
employ cascade current mirror & its various advancements. A low power low voltage cascade current mirror is
designed, simulated and optimized to achieve required results. And a most recent current mirror architecture low
voltage level shifted cascade current mirror is designed, simulated & optimized by using varying biasing voltages &
currents and aspect ratio of transistor employed in current mirror. The Main emphasis in this work is focused to
enhance dynamic range and to lower the power consumption.

Keywords: current mirror, voltage, power, dynamic range, power consumption.

1. INTRODUCTION

Current mirror is an essential structure in most of the analog circuit applications, where the gain of the MOS can be
expressed as product of its effective transconductance (gm) and the output impedance (r,). Due to continuous downscaling
of MOS technology the device size is shrinking fast to enable higher unity gain frequencies. However, it reduces the gain
of the MOS due to lowering of transconductance (gn) and increase in output conductance (1/r,) [1 & 2]. The speed and
accuracy of analog circuit structures are determined by its settling behaviors. Fast settling demands high unity gain
frequency and a single pole frequency response, whereas accurate settling requires high d.c. gain.

2. LOW VOLTAGE CMOS CURRENT MIRROR

One of the most fundamental building blocks of analog integrated circuit is the Low Voltage current mirror. Current mirror
is enabling single current source to supply mirrors are output impedance and voltage headroom. The output impedance
determines the variation of the mirrored current when the applied voltage varies. Higher output impedance implies less
current variation with applied voltage and hence more stable current source Voltage headroom specifies how much voltage
drop across the current mirror is required to operate the current mirror reliably. This is especially important for low voltage

circuit design. The low voltage cascade current mirror is shown in figure 2.1. We assume that the current mirror transistors

M1 and M2 have identical, aspect ratio. Am :% :% Where W1 and W2 are the transistor channel width and L1 and L2

are the transistor length.
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Figure 2.1 Low Voltage Current Mirror

w3 w4

Similarly, the transistor M3 and M4 are assumed the same aspect ratio Ac= 5 a .The aspect ratio Ay may be different

from the aspect ratio Ac. In the analysis of the dynamic range the same aspect ratio of Am and Ac and we use standard
Schman —Hodges transistor model for the transistor in the saturation region and we neglected the bulk effect and assume
that all the NMOS transistors have the identical. Low voltage current mirror input current I, find the gate- source voltages
and drain -source voltages

2lip

Vasi= Vi + Xhn 2.1

Gate to source voltage of transistor M3

2lin
Vass= Vi + /KAC (2.2)
Drain to source voltage of transistor M1 is
Vpsi -Vec-Vin - |2in 23
psi=VBc-Vin - KAc (2.3)
= = 2lin 1 L 1
Vbs3 = Vasi -Vpsi =2 Vin- Ve + = T +JA_C (2.4)

Where, Vi, is the transistor threshold voltage,Vgc is the bias or gate voltage of transistor M3 and M4 and K is the
transconductance parameter. Requiring Vgs - Vin < Vps for both M1 and M3 result in:

2lip, 1 1

TE+\/TC + th EVB (25)
Biasing voltage: Vo<V + ’KZ,IT’" (2.6)
M

In figure 2.1 low voltage current mirror, biasing voltage Vg is fixed when [;,increases, voltage of the gate —source voltage
Vs of transistor M3 and Vi, will increase, and voltage level at the drain terminal of M1 decreases. There by M1 enter the
triode region which determine upper limit of I;,Below equation (2.7) ensure the saturation of M1 and determines the

. . . K JAc/A
maximum value [, for given value of the cascade bias voltage Vg we find [, max = Am (Ve -Vin)? (H\/ﬁ)z
2.7

Equations (2.7) ensure the saturation of M3 and determine the minimum value of [;,,. We find
L. max :g Aw (Vse-2Vtn)® Ay 2.8)

Maximum value of the bias voltage even at the minimum value of input current equation (2.8) determine, and equation (2.8)
determined the value of AC and AM which determined the saturation of M1 and the maximum value of input current. To
ensure Saturation operation of transistors M1 and M3 the input current range determined by

K K JAc/A
;AM (Vec-2Vtn)? < [, < ;AM (Ve -Vin)? (ﬁ)z 2.9
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In a practical design procedure equation (2.8) can be used to determine the maximum value of the bias voltage which will
ensure saturation of M3 even at the minimum value of input current, and equation (2.7) can then be used to determine values
of Ac and Am which will ensure saturation of M1, even at the maximum value of input current.

Ac/AM \p 2 Ijp,max
An (—HV M 2 2 Ly (2.10)

Assuming as a typical case W1 = W3 and L1 = L3 i.e., identical aspect ratios for the mirror transistors and the cascade
transistors, we find

w 2 Ijp,max
Am-Ac-T 2 — K (2.11)
In this case the effective gate-source voltage of the mirror transistors M1 and M2 is
Vst Vo [ 2in (2.12)
GS1-Vtm= KAy .

In this case the minimum output voltage of the current mirror is and is independent of the input current.
Vout,min =Ve-Vu-Van (213)
3. LEVEL SHIFTED CURRENT MIRROR

Level shifted current mirror operates at low voltage with the advantage of low input output voltage requirement,
incorporates a level shifter PMOS transistor M5 (biased through a current Ipias1) at input port. For this structure, we have

Vbsi1=Vasi1-Vass (3.1)
WhereVpsdrain to source and Vgs; gate to source voltage of M1, Vgss is the gate to source voltage of M5.

- ROEE

Figure 3.1 Level Shifted Current Mirror

A level shifted current mirror circuit structure is shown in figure 3.1 M3 is used to shift the voltage level at the drain terminal
of M1. Vi, a characteristics parameter of a low voltage current mirror and decides the range of input voltage swing in such
circuits. The bias current (Ivias1) decides the operation region of M1. For example, low value Iyias1 forces M3 to operate in
sub threshold region Ipias1 high Ipias1 ensures M5 operates the triode region. For high value Vpsy, M2 operates in saturation
region. Gate voltage of M1 is high correspondingly input current is also high. Thus, vi, can be calculated for this circuit
structure if we know the values of Vgs1 and Vgss since Vi, >V, there is a difficulty to keep the condition Vgsi- Vess > 0
valid in a level shifter-based circuit over a wide range of I;n. One of the solutions is to use a lateral p-n-p transistor for level
shifting, and now ©Vin-Vgsi-V> 0 approximates as 0.7V and Vgs; is always more than 0.8v (if we assume Vy=0.8v). As
the device sizes are reducing and V; is also reducing and there will be a situation where Vgsi-VB> 0 will not be valid and
hence we may not be able to use p-n-p transistor.

4. LEVEL SHIFTED LOW VOLTAGE CASCADE CURRENT MIRROR

Figure 4.1 shown the level shifted low voltage cascade current mirror it is the combination of low voltage and level shifted
current mirror and the combined the low voltage and level shifted current mirror present a level shifted low voltage current
mirror. In this topology to achieve larger dynamic range for low voltage operation, the operation of M5 and M3 are similar
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in the figure 3.1 of M 5 and M1 we adopt the same assumptions in low voltage in this current mirror. We assume figure 3.1
the threshold voltage of M5 is Vi, when the level shifted current mirror transistor M5 and M1 on must be conditions satisfied
Vs3>V and Vgss > Vi, but when Vi, > Vi, there is a difficulty to the condition satisfy Vps3 >0 wide range of input current
Iin2.We literature survey we can find the most suitable operation mode of M5 is sub threshold region because here low
input current and in saturation region high input current of M1 and M3. The assumption under the Vpss > 3Vt, the sub-
threshold drain current of transistor M5 can be expressed by

o ws VsGs-Ivtpl
Ib1a52: s IDOS EXp( nr ) (41)

In above equation (4.1) W5 and LS5 represent the channel width and length of transistor M5, and V. (approximately ~26mv
at room temperature) [2] is thermal voltage. The Constant n and Ipos are process parameters. Typically, value of Ipos =20
nA and n lie between 1.2 and 2.0 [2]. For the sub-threshold operation of transistor M5 Vg5~ |vtp| @nd saturation operation
of transistor M1 and M3, find

<

2 2
I ) kAc Vs < kAc Vin
ma2 — —
2

2

4.2)

When transistors M1, M3, M5 are in sub-threshold region, and the gate to source voltage of M1, M3 and M5 are almost
near to their threshold voltages, can find

wil
linpg < — 2% (4.3)

Vip=nVrln 222 2L 1y, <V, (4.4)

Ipp1 W1 -

e
Y=

Figure 4.1 Level Shifted Low Voltage CascadeCurrent Mirror

Voomin= Vas2+ Vasa— 2V = ’Kz’j\l;z + ’12(1—:; 4.5)

5. SIMULATION RESULTS
5.1 INPUT CHARACTERISTICS OF LOW VOLTAGE CMOS CURRENT MIRROR

The circuit shown in figure 2.1 is simulated using 0.18um IBM model parameters with supply voltage
Low Voltage Current Mirror

| 0.2 5< J 04 0. 0.6 .7 0.8 K5 .0 14
lin (mA)
Figure 5.1 Input characteristics LVCM
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of 1V. The purpose was to obtain a high performance LVCM that have high input and output voltage swing capabilities.
Table 5.1 summarizes the (W/L) ratios of MOSFETs used in circuits. In figure 5.1 Vin is input voltage and lin is input
current and shows input voltage Vi, requirement for various values of input current Iis. Vin Required is 0.51V for low voltage
current mirror structures at Iy of 1mA.

5.2 CURRENT TRANSFER CHARACTERISTICS OF LOW VOLTAGE CURRENT MIRROR

Figure 5.2 shows current transfer characteristics of low voltage current mirror for 0.18um IBM MOS technology
parameters. Drain current id (M3) of transistor M3 is input or reference current and drain current id(M4) of transistor M4
is the output current. From simulated waveform, it is very clear that output current very closely tracks the input or reference
current.

Low Voltage Current Mirror
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Figure 5.2 Current transfer characteristics LVCM
5.3 POWER DISSIPATION RESULTS FOR LOW VOLTAGE CURRENT MIRRROR

Low voltage current mirror circuit is simulated using 0.18um IBM MOS model parameters with supply voltage 1.0 V and
Iin of 1000pA. Width and length of transistors (M3 & M4 and M1 & M2) are kept same. Transient analysis is used to
calculate the power dissipation in the current mirror. Figure 5.3 shows power dissipation results. Power results are reported
at the end of transient simulation in the output file

Low Yoltage Current Mirror
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Figure 5.3 Power dissipation of LVCM

POWER RESULTS

v3 from time 0 to 2e-007

Average power consumed -> 1.953325e-003 watts
Max power 2.908787e-003 at time 4.19717e-009

Min power 1.749169¢-003 at time 0
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5.4 FREQUENCY RESPONSE OF LOW VOLTAGE CURRENT MIRROR

The frequency response of low voltage current mirror is shown in figure 5.4. The frequency response of cascade current
mirror is dependent on the capacitive load (Cload). In figure 5.4 the -3db bandwidth is 240Mhz for a load capacitance of
10 pF.

ol Oum il ek st ety et pass Low Veltage Curwt Misrer
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0 200 20000
Frequency(Hz)
Figure 5.4 Bandwidth of Low Voltage CurrentMirror
5.5 DYNAMIC RANGE CALCULATION OF LOW VOLTAGE CURRENT MIRROR(LVCM)

Table 5.1: Aspect Ratio of transistors used inin lowvoltage current mirror.

MOSFETsSs Type Width Length
M1,M2,M3,M4 NMOS 20um 0.5um
M5 PMOS 10pm 0.3um

Table 5.2: Parameters used in Low VoltageCurrent Mirror (LVCM)

Parameter Unit
Supply voltage 1.0 volt
Viias (Voltage bias) -0.2 volt
Threshold voltage Vi, (NMOS) 0.44 Volt
Transconductance 156.8puA

5.6 MAXIMUM INPUT CURRENT RANGE CALCULATION FOR LOW VOLTAGE CURRENT MIRROR

Equation (2.7) discuss the concept of maximum range of low voltage current mirror. In Ilinmax equation, K is the
transconductance ,Aw is the aspect ratio of M1 and M2 transistors and Ac is the aspect ratio of M3 and M4 transistors. Vg
is the biasing voltage, Vi, is the threshold voltage.

2
VAc/Am
1+ JAc/Apm

Iin,max — SAM (VB == th)z (

2
: __ 1568 S 4 2 J/40/40
linmax = —5— %40 (—0.2 — 0.44) (1+ Jao/a0
__ 1568 3 ) . 2 Vi 2
=222 40 (—0.2— 0.44) (H\,T
156.8 1 L 2 z |
222 x40 (—0.2 — 0.44)% x (2)
__ 156.8 2 1
= 2222 x40 (—0.69)% x (3)
= 642.88uA
= 0.64mA
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As discussed above, in low voltage current mirror all transistors are identical and operate in saturation region, saturation
region operation condition is given by Vps= Vgs-Vin

For low voltage current mirror design in 0.18um technology,
Vps-Vgs-Vin,Vps-1.20-0.44 Vps-760Mv, 1;;=0.64 mA
Transistor M3 and M4 gate voltage (Vgs)

Vbs-VaGs -Vin, 760= Vs 440, VGS-1200=1.20v

The figure 5.5 shows maximum input current of low voltage current mirror here input current is sweep OmA to 5 mA with
supply voltage 1V. In figure 2.1 we discuss the low voltage current mirror below shows the waveform when lin increases
the drain voltage of M1 transistor decrease shows the waveform and maximum input current find the above equation through
find value and plot the waveform.

Low Voltage Currcnt Mirror
FIw5IT Tlam dy=-1 13
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Figure 5.5 Low voltage current mirrormaximum input current
5.7 MINIMUM INPUT CURRENT RANGE CALCULATION FOR LOW VOLTAGE CURRENT MIRROR

Equation (2.8) discuss the concept of minimum input current range for low voltage current mirror. Below we have calculated
the minimum input current range according to design specifications.

Iin, max =§ Awm (Ve -th)2

I max =$ (-0.2-1x0.44)? x 40 =78.4x1.17x40 = 0.37 mA

Figure 5.6 shows drain voltages of M1 & M3 transistors for a lin sweep from 5pA to SmA.

Low Volla%e Current Mirror
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Figure 5.6 Low voltage current mirror miimminput current
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5.8 Input Characteristics of Level Shifted Low Voltage Cascade Current Mirror

The circuit shown in figure 4.1 is simulated using 0.18um IBM model parameters with supply voltage of 1V. The purpose
was to obtain a high performance LVCM that have high input and output voltage swing capabilities. Table 5.1 summarizes
the (W/L) ratios of MOSFETSs used in circuits. In figure 5.7, Vi, is input voltage and lin is input current and shows input
voltage Vi, requirement for various values of input current Iis. Vin. Required is 0.51V for low voltage level shifted cascade
current mirror structures at o, of ImA.

Volige (mV)

0.0 0.1 02 0.3 04 0.5 06 0.7 0.8 09 1.0

Figure 5.7 Input characteristics LSLVCM
5.9 CURRENT TRANSFER CHARACTERISTICS OF LEVEL SHIFTED LOW VOLTAGE CASCADE CM

Figure 5.8 shows current transfer characteristics of level shifted low voltage current mirror for 0.18um IBM MOS
technology parameters. Drain current id (M3) of transistor M3 is input or reference current and drain current id (M4) of
transistor M4 is the output current. From simulated waveform, it is very clear that output current very closely tracks the
input or reference current. output current very from 1A to ImA. Figure 5.9 shows improved dynamic range current transfer
characteristics of level shifted low voltage current mirror and output current very from 1pA to 2mA.

1.0
09 :
0.8
0.7
0.6
0.5
0.4
03
0.2
0.1
0.0

00 01 02 03 04 05 06 0.7 08 09 1.0
Iin (mA)
Figure 5.8 Current transfer characteristics of LSLVCM
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Figure 5.9 Current transfer characteristics of LSLVCM

Page | 14
Research Publish Journals



https://www.researchpublish.com/
https://www.researchpublish.com/

ISSN 2348-1218 (print)

International Journal of Interdisciplinary Research and Innovations ISSN 2348-1226 (online)
Vol. 11, Issue 3, pp: (7-16), Month: July 2023 - September 2023, Available at: www.researchpublish.com

5.10 FREQUENCY RESPONSE OF LEVEL SHIFTED LOW VOLTAGE CASCADE CURRENT MIRROR

The frequency response of level shifted low voltage current mirror is shown in figure 5.10 The frequency response of
LSLVCM is dependent on the capacitive load (Cload). In figure 5.10 the - 3db bandwidth is 887.83Mhz for a load

capacitance of 50 pF

Frequency{Hz)
Figure 5.10 Bandwidth of Level Shifted LowVoltage Current Mirror
5.11 POWER DISSIPATION RESULTS FOR LEVEL SHIFTED LOW VOLTAGE CURRENT MIRRROR

Level shifted low voltage current mirror circuit is simulated using 0.18pum IBM MOS modelparameters with supply voltage
1.0 V and Iis of ImA. Width and length of transistors (M3 & M4 and M1 & M2) are kept same. Transient analysis isused to
calculate the power dissipation in the current mirror. Figure 5.11 shows power dissipation results. Power results are reported

at theend of transient simulation in the output file.

7 1 A— R o= | e /7H
|r . “”L,_ |r -‘J\_;_ § r ”f‘\; ‘((- .‘fL .(‘ HL;_
e |

Figure 5.11 Power dissipation of LSLVCM

5.12 OUTPUT CHARACTERISTICS OFLEVEL SHIFTED LOW VOLTAGECURRENT MIRROR AT HIGH
CURRENTS

Low voltage current mirror circuit is simulated using 0.18um IBM MOS model parameters with supply voltage 1.0 V.
Figure 5.12 shows the output current characteristics at high current at different — different input current value. In waveform
shows the characteristic O 0 mA to 2 mA and supply voltage is ImV .

Level Shifted LVCM

20
Tin=2.0mA

i Tin=16m4 "
% . Tin=1.2tnd eeeveeriee
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Tin=04m4
0.0

10 05 00 os

Vo2 (V)

Figure 5.12 Output Current Characteristics at High Currents
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5.13 OUTPUT CHARACTERISTICS OF LEVEL SHIFTED LOW VOLTAGE CURRENT MIRROR AT LOW
CURRENTS

Level shifted low voltage current mirror circuit is simulated using 0.18um IBM MOS model parameters with supply voltage
1.0 V. Figure 5.13 shows the output current characteristics at low current at different — different input current value. In
waveform shows the characteristics Iin OpA to 100pA and supply voltage 1V.

Level Shifted LYCM

-~
|
{
1
&
-
*

-1.0 -0.5 0.0 0.5 1.0
Vo2 (V)

Figure 5.13 Output Current Characteristics at Low Currents

6. CONCLUSION

In this paper the low voltage CMOS cascade current mirror is designed using IBM 0.18um technology with a supply voltage
of 1.0 volt. The simulated results for different low power current mirror topologies show significant low power dissipation
with enhanced dynamic rangeand improved bandwidth. The simulated designs can be used in high performance analog and

mixed mode Very Large-Scale Integration circuits especially for active elements like as op-amps, current conveyors, current
feedback amplifiers etc.

[1].

[3].

[6].

[7].
(8].
(9]

REFERENCES

S.S.Rajput, “Low Voltage Current Mode circuit structures and all their applications”, Ph.D. Thesis, Indian Institute of
Technology,2002.

Behzad Razabi,, “Design of analog CMOS integrated circuits”, Tata McGraw Hills, fourth edition, 2001.

S.S Rajput, “Advanced Current Mirror for Low Voltage Analog Designs”, IEEE, ICSE,Proc, vol. 148, pp. 258-263,
2004.

Garcia Rafael Ledesma Francisco and Ramirez-Angulo Jaime, “Comparison ofnew and conventional low voltage
current mirrors”, Proc IEEE Journals, pp. 49-52, 2002.

Adel S. Sedra and Kenneth C. Smith,“Microelectronics Circuits”, Oxford University Press International Edition, New
York, 5th Edition 2006.

Bruun E and Shah P, “Dynamic range of low voltage cascade current mirrors”, Proc Circuit and system IEEE Journals,
pp-1328 1331, 1995

Donald A.Neaman, “Electronic circuit Analysisand Design”, Second Edition Tata McGraw-Hill, pp.-599-607,20
Praween Sinha , “Analysis of current mirror for low power”, Vivechan International journal of research Vol.2,2011.

Ashok D.Vidhate, Shruti Suman, “Low Power High Performance Current Mirror — A Review”, Journal of Physics:
Conference Series 1804 (2021) 012161

[10]. Divisha Jaisinghani, “A cascode current mirror based 90Mv to 1.8 V level shifter with alleviated delay ”, IEEE,2022.

Page | 16
Research Publish Journals



https://www.researchpublish.com/
https://www.researchpublish.com/

