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ABSTRACT

A current mode signal processing circuit is quite attractive for low power supply and high frequency
applications. The current mirror is an active element of this circuit. In current mode techniques the current
mirrors have wider dynamic range and extended bandwidth as compared to other active elements. The
project involves study of current mirrors, their comparison between input and output resistances and
compliance voltage. Further the project includes the basic like adder, subtractor blocks using CMQOS based
cascode current mirror and implementation of filters using this building block. Project also includes studies
of sinusoidal to square waveform. Results will be verified on PSPICE using CMOS 350 nm technology
parameters.
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Chapter 1
INTRODUCTION
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Digital signal processing has become one of the preferred signal processing for past few decades because
of compact and efficient implementation. As per Moore’s law in every 18 months number of transistors on
a chip become double but this limit of transistors has been crossed. So complementary metal oxide
semiconductor (CMOS) technology helps us to design a smaller size circuit.

However there are some issues with digital signal processing. They are as:

I.  Every natural signal is analog in nature. So at input side of digital signal processing analog-to-
digital converter(ADC) and at output digital-to-analog converter(DAC) is required. Leading to
larger chip area.

Il. It uses anti-aliasing filter. So only limited frequency analog signals pass through this. Rest of the
frequencies are eliminated.

I1l.  Clock skew is one of the main issue in digital signal process.

IV.  There is always a tradeoff between power dissipation, cost, area and speed of digital system

Thus, Analog signal processing has gained a renewed interest due to the designs catering high frequency
applications.

There are two types of analog signal processing i.e. voltage mode(VM) and current mode(CM) signal
processing. In VM signal processing, information is processed in voltage form. Output voltage is the
function of input voltage. In CM signal processing, information is carried through branch currents.



1.1Voltage and current mode signal processing

Analog system design has historically been viewed as a voltage dominated form of signal processing.
However, the evolution of submicron technologies necessitates the use of low power supply voltage. Thus,
it has become very difficult to design the VM circuit with high linearity and dynamic range. This problem
can be resolved either by using CMOS technologies with lower threshold voltage or by using standard
CMOS technology with low voltage circuit techniques. The CMOS technologies with lower threshold are
costly therefore over last few decades CM processing has emerged as an alternative design technique for
low voltage
applications. The CM circuits are characterized by low terminal impedances, therefore, are suitable for fast
response. If instead of current, voltage is used as signal, there will be a reduction in the output swing and
hence the CM circuits can operate under low supply voltage. Thus, a CM circuit, for a fixed supply voltage,
has a larger dynamic range than the VM circuit. In CM circuits by joining terminals at a single point,
addition/subtraction operations can be performed resulting in simple architecture.

Thus, higher bandwidth, low operating voltage, better linearity, low power consumption, and simple
architecture are some of the key advantages of CM over VM processing [1.1].

1.2 Motivation

Research and development in the field of analog electronics has revolutionized human life. Because of
developments in IC technology isolated circuits are almost obsolete. The need of scaling down of chip area
is increasing very rapidly. It seems that high speed; less complexity; high density; low power consumption;
price etc. will be the major factor of apprehension in the ultramodern device designing. These motivate us
to do research on most basic and essential building block of processor. since Unique property of this device
opened the door to efficient use of current mirrors Current mode circuits, which process the active signal as
current offers a number of advantages.

Advantages of current mode circuits over voltage mode circuits:

There are various advantage of current mode circuits over voltage mode circuits and they are as follows:

A. Delay:
As technology is shrinking, interconnect delays are increasing even they are dominating transistor gate
delays. But as current mode circuits have low output impedence this delay is reduced [1.2].

B.  Supply voltage reduction:

In voltage mode circuits output is directly proportional to the input voltage so adverse effect due to supply
voltage and ground fluctuations. But in current mode circuits reduction in supply voltage minimize these
effects.



C. Bandwidth improvement:
Current mode interconnects provide high bandwidth. Improvement in bandwidth increases the speed of
the circuit. Signal can be transmitted fast over.

D. High output resistance:

Current mirror has high output resistance so high gain is achieved and it is electronically controllable.

Applications:

1) Due to reduction in voltage supply, power consumption is also less so it is very important feature,
especially in biomedical application where battery life of implantable devices should be more.

2) Itis used in biasing circuits. Every analog circuit needs biasing.

3) As chip size is getting reduced it is very difficult to mount a bulky inductor so designers started
replacing passive RLC circuit into active RC circuit.
4) Short range electronic devices for wireless communication.
1.3 Objective

Main objective of the work done in this dissertation is to implement the analog circuits using cascode
current mirror.

To achieve this, dissertation concentrated on following areas:

e Literature survey.

e Study and implementation of various existing current mirror.

e Study and implementation of existing application based on current mirror.
e Design and development of new applications.

To meet these objectives all analog circuits are designed and simulated using pspice on 350nm technology.
Simulated results are compared with theoretical results. Performance of the proposed circuit’s results also
compared with existing ones.

1.4 Report Organization

In this work current mirror and its based applications are discussed and simulated results are compared
with theoretical results. Work is distributed in five chapters as follows:

Chapter 1: This chapter presents brief introduction about the digital and analog signal processing.
Advantages of analog signal processing over digital signal processing. Comparison
between CM and VM signal processing. This chapter also discuss the motivation and objective of the
work done.
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Chapter 2: Survey of the different structures of the current mirror and comparison between them on
different structure and technology. Cascode current mirror, DC and AC characterization of this current
mirror is presented in this chapter. Various performance parameters are also extracted in this chapter.

Chapter 3: Some existing CM applications are implemented using this cascade current mirror. First order
and second order low pass filter, first order high pass filter, KHN filter, Linear Transformation (LT) filter
are implemented and verified using pspice simulator.

Chapter 4: This chapter records the summary of the work presented in this dissertation and the further
scope of this technique.



Chapter 2
LITERATURE SURVEY




2.1 Introduction

In past few decades CM signal processing has gain interest which was explained in chapter 1. Advantages
of CM signal processing has offered various analog building blocks. In these building blocks current mirror
is one of them.

Current mirror circuits are widely used, especially in integrated circuit technology. Generally it consists of

two transistor but for better performance number of transistors can be increased. The current mirror circuit
called current mirror because it copies the input current at the output section, keeping the output current
constant regardless of load because it has high output resistance. Also it has a low input resistance which
keeps the input current constant regardless of drive conditions.

An ideal current mirror is a current amplifier also called current controlled current source has unity gain.

Current mirror is used as an active load because it has high output resistance so gain will be high and also
to provide bias current.

Current mirror can have many input and many output. Fig 2.1.1(a) shows single input single output (SISO)
type current mirror. And Fig2.1.1 shows single input multiple output (SIMO) current mirror. These are
used for filter designing with less component.

i

out

W
4;‘

out

Lin — ‘i—iour fn

(@) (b)
Fig 2.1.1(a): Single output current mirror.(b): Multi output current mirror
There are two types of current mirrors on basis of direction of output current.

1) Current sink

2) Current source
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Fig. 2.1.2: Current Mirror (a) Sink (b) Source.

In current sink if input is given as current then it is converted into voltage, this voltage is used to control
the exiting current and we would obtain a current sink. Conversely output current of current sink is given at
input that current is converted into voltage and this voltage control the output current of current source.

2.2 Review on Current Mirror

Vast literature available about various structure of the current mirror and its analysis. And advantages and
disadvantages of various structure is discussed later. Detail of various structures discussed in following
subsections:

Current mirrors are important block in analog applications. They are widely used as an active load and
current mirroring. They come in different varieties:

e Simple current mirror

e Wildar current mirror

e Wilson current mirror

e Cascode current mirror
2.2.1 Simple current mirror :

Basic current mirror consists of a diode connected reference transistor and output transistor whose drain
and gate are connected with the reference transistor.



V1 O0Vdc

Fig 2.2.1: Simple current mirror

Current through M1 is given by [2.1],

B
Ipy = = — Vas1 = Vrn)?

Assuming M2 is also in saturation, so current through M2 can be given by,

B
Ip, = Iy == (VGSZ - VTN)

From above these equations, drain current dependency on supply voltage ( because gate and drain voltage
are equal), processes parameters, temperature.

Since Vg, = Vg5, then ratio of I,; and I,,will be

by B2 _ Wa
Ipy ,31 L_Z
Wy
Ly

Output current is proportional to the input current multiplied with the ratio of output aspect ratio to the
input transistor aspect ratio. If aspect ratio of second transistor is greater than first it acts as current
amplifier whose gain is directly proportional to the ratio of their aspect ratios.

Its accuracy also depends upon the channel length modulation and drain to source voltage in case of
MOSFET][2.2 ref]

io 1W
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In case of short channel MOS devices used to design smaller high frequency, low power consumption
device error due to channel length effect further increases. In short channel devices transconductance
increases but output resistance decreases and decrement in output resistance is more prominent than
increase in transconductance. Hence simple current mirror has lower accuracy and has low output
resistance.

For best performance, transistors should be matched, temperature should be same for all devices and drain-
gate voltage should be matched. This will provide equal currents on both sides of the current mirror.

Output resistance of current mirror is equal to resistance of M2,

1

To = —
N

Transfer characteristics of basic current mirror is not exactly linear but a curved shape due to small scale
effect. Output resistance is also low.

2.2.1(a). Input resistance

Small signal model for calculating input resistance[2.2] is shown in Fig 2.2.2. For small signal analysis all
DC currents act as open circuit and voltages act as short circuit. A voltage source is applied at the input
terminal and ratio of input voltage and input current gives the input resistance.

-I-| g Viaoa
- mi " gsi Tﬂ'

g1V,
+ ml ¥gsl gs2

Tas1 R =2

| .=

Fig 2.2.2: Small signal model of simple current mirror for input resistance

To calculate input resistance, apply KCL at the input terminal,

Uy Vy .
E + Im1Vgs1 + s L et i it i i i it (1)

As we can see from equation (1) we don’t need output circuit to calculate input resistance.

Vgs1 = Vy, putting this into equation (1), we get
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If we neglect channel length modulation, M1 is in saturation because gate and drain is shorted so 74, will

have very high value so we can neglect it. So input resistance becomes the parallel combination of R and
1

gmll

1
Ry = RIl—

n

ml

2.2.1(b). Output resistance

Small signal model for output resistance of simple current mirror is shown in Fig 2.2.3.

l.f 1 R vgﬂ o +

kS

Fig 2.2.3: Small signal model for output resistance

Input transistor is replaced by only P because input terminal gets open circuited because of silicon
mil

dioxide layer which is present between gate and channel. And that oxide layer does not allow any current
from gate to flow into channel side. So input current that is gate current is zero and only voltage exist at

. - . 1
source side. If channel length modulation is neglected M1 is replaced by P
mil

. N 1 :
As it can be seen from FIG that no current flowing into — So value of vy, will be equal to zero.
mil

As Vg52= 0, gmaVys, becomes open circuit. So output resistance of M2 which is output resistance of
current mirror is ry,.
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2.2.1(c). Minimum output voltage

Output voltage of simlple current mirror is volatge across drain to source. For proper operation of simple
current mirror M1 and M2 must be in saturation . M1 is in saturation because gate and drain are shorted.
But problem is with M2. We must ensure that M2 should operate in saturation region.

From current mirror diagram
Vbs1 = Vis1= Ves2
But Vps, # Viso
For proper operation of current mirror both transistor should operate in saturation region .
Codition to keep M2 in saturation is
Vps2 2 Vgsz — Vr
Vo 2 Vgs2 = Vr

Minimum voltage to keep M2 in saturation is

Vomin = Vesz — Vr

2.2.2 Wildar current source

Wildar current mirror is variation of simple current mirror. It was invented by Bob Wildar in mid 1960s.
the only difference between simple current mirror and Wildar current mirror is the introduction of the
source resistance of M2. This additional component forces the unequal current in the two branches of the
circuit. So this circuit is also called current source rather than current mirror. Application of this circuit is
in operational amplifiers.
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Fig 2.2.4: Wildar current mirror

2.2.2(a). Input resistance

Input resistance of wildar current mirror is same as simple current mirror. Small signal model of wildar
current mirror is shown in Fig 2.2.5.

-I-‘ B2 Voa
G4V m2 " gsi ¥
jil?_x mi gsl Tas1 R1 vgs! d

|
I .
il

Fig 2.2.5: Small signal model of wildar current mirror for input resistance

52

We don’t need output section to calculate input resistance and input section is same as input resistance of
simple current mirror.
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1
R, =R1||—

ml

2.2.2(b). Output resistance

Small signal model of wildar current mirror to calculate output resistance is shown in Fig 2.2.6.

+ B2 Vioan :
L " gsd F oy 17
1/Gm1 Vps2 ds2 6) ¥

Fig 2.2.6: Small signal model for output resistance.

. : : . 1 .

As discussed above input transistor M1 is replaced by P Apply an AC voltage signal at the output and
mil

calculate the current across that voltage signal. Ratio of these two quantities give the output resistance.

Applying KCL at the output section, assuming v, voltage at source of M2.

Vy—Vy

+ gmzvgsz - iy ................................................................................ (3)

Tds2
Also applying KCL at source of M2,

VxVy , Ux _

o 4)
g

Tdso R2

. 1 :
As no current flowing across P and R1 so gate volatge will be zero.
mil

Vgs2= Vg2 — Vs2= 0—vg,= —,, putting this into equation(3) and (4) and taking ratio of v, and i,. We
get
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v

Yy

i R, =T4s2 + R2 + 145, Gm2 R2
y

R, =73 +R2 + 74,0, R2

2.2.2(c). Minimum output voltage

Minimum output voltage of wildar currrent source is volatge across drain to source of M2 transistor plus
volatge across R2.

Vomin = Vps2 + IpR2

Vomin = Vgsz — V¢ T IpR2

This is the minimum output voltage that can keep M2 transistor into saturation.
2.2.3 MOSFET implementation of the Wilson current mirror

MOSFET implementation of Wilson current mirror will look like as shown in Fig 2.2.7. Wilson current
mirror is having negative feedback and drain current is stabilized. There are four types of feedback. Series
sampling is used here to increase the output impedence.

Fig 2.2.7: Wilson current mirror[2.3]
2.2.3(a). Existence of negative feedback :

M2 is in saturation because of gate and drain shorted. As drain current of M2 will be equal to drain current
of M1 because they form simple current mirror. Output current making influence of input current that is
nothing but feedback. Feedback is a part of output which is fed back to the inpput side.
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2.2.3(b). Stabilisation of output current against variation in output voltage:
Even though output voltage change, output current should not change, it should be stable.

As output voltage increases, output current increases due to channel length modulation. For the given value
of Vg, If Vg is increased, output current increases which makes I, increases. When I, increases at that
time Vs, decreases. Because when I,; increases but we are getting a constant current through R1 that
forces Vpgq reduces.

2.2.3(c). Input resistance:

Fig 2.2.8: Small signal model of wilson current mirrorof input resistance.

Input resistance of wilson current mirror is

— gm2+gm3
(Rl | gmljgmﬁ

in

2.2.3(d).Output resistance

To calculate output resistance, apply test voltage at output which causes a test current in the circuit. Ratio
of test voltage and test current gives the output resistance. For which small signal diagram is shown in Fig
2.2.9.
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Fig 2.2.9: Small signal model for output resistance

M1 is replaced by gi. Here
mi

. 1
Vgs1 = 1y I and Vgsz = Vg3 — VUsz = (rdslgmlvgisl) — Uy

Applying KCL at drain of M3,

Vy—Vgs1 .
T b GinaVgs3 = Ly (5)

Tds3

1%
Putting expression of v .3 and v, into equation(5), and solving for l—y
y

ngrdSSrdslgmlRl]

Uy _ R _ [ 1
Y =Ry= | 4 g +
0 Im2 ds3 (R1+7ds1)Im2

ly

ASSUMING T4e1 = Tis3 =Toy Im1 = Imz2 = Imsz = Im and neglecting first two terms, final output
resistance is

R — g2riR1
° (R1+7,)9m

Now it is square of r,,, wilson current mirror has an output resistance similar to the cascode current mirror.
2.2.3(e). Minimum output voltage:
Minimum output voltage to keep M2 and M3 into saturation is

VOmin = VGSZ + VDS3' BU'[ VDS3 = VGS3 - VT . SO Voml'n becomeS



18

Vomin = Vgs2 + Vgsz — Vr . If Vg, = Vi3 then

I,

Omin

=2V, — V1

2.2.4 Cascode current mirror

Current mirror has high output resistance. Disadvantage of simple current mirror is output resistance is not
that much high. Cascode current mirror has two advantages over simple current mirror is that

1. It supress the effect of channel length modulation.
2. Itincreases the output impedence.

In simple current mirror Vg, # Vps, because of channel length modulation. So Izgr # Ioyr-

o

V1 = 0Vdc

M3

— M2

Fig 2.2.10: Cascode current mirror[2.4]
At node N,
Veso+Vx = Vgss + Vy. Proper choice of dimensions results in Vigo = Vigs.
And then Vy = Vy,. And hence channel length modulation is neglected.
2.2.4(a). Output resistance:

A diode connected MOSFET being fed by a constant current behaves as a constant DC potential which is
shown in Fig 2.2.11(a) and it AC equivalent circuit is shown in Fig 2.2.11(b).
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_ﬂ: M2 —1 : M2

Fig 2.2.11: (a) Cascode current mirror when two transistor replaced by DC potential. (b)small signal reprentation.

iy
Vi

—+ | ‘L‘J}.
‘ Tds3
— vgs 3 Hm3 vgs 3 : @

Fig 2.2.12: Small signal model for output resistance[2.5]

Vgsz = 0, S0 gmaVgs, = 0 .. it acts as open circuit. And i, only flows through the 7.



. V1= (=Vgs3)
ly = gm3vgs3 + T .......................................................................... (6)

Where vy, = —iy1ys,
Putting this into equation(6), we get
Ry = 1453(1 + gmaTas2) + Tas2

ASSUMING Tg5p = Tge3 = Ty,

RI} = ngTD_

2.2.4(b). Minimum output voltage

Requied minimum output voltage to keep M2 and M3 in saturation is

Vomin = Vps2 + Vps3, Which is equal to

Vomin = Vesz — Vp + Vgsz — Vi =2(Vgs — Vi) if (Vs = Vg3 = Vi) Which is large enough.

Assuming all transistor are identical and they are in saturation then exact Vi, to keep the transistors in
saturation is

2.3 PSPICE simulation of all current mirrors

All current mirrors are simulated through PSPICE using 350nm technology process parameters. Supply
voltage used is +2.5V. Table 2.1 shows the aspect ratio used for different transistors of cascode current
mirror. All current mirrors are characterized for its DC and AC responses. Various aspect parameters are
calculated using PSPICE simulation. It is observed that simulated results are very close to calculated
results.
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2.3.1 DC characteristics
2.3.1(a). I, and I,..¢ versus output voltage of all current mirror.

DC simulation of all current mirror is shown in Fig 2.3.1 to Fig 2.3.4. They show the minimum output
voltage required to copy the input current at the output to keep all the transistors in saturation for proper
working of current mirror.

300uA

200uA-

100uA-

oA T T T T T T T T T
ov 0.2v 0.4v 0.6V 0.8V 1.0v 1.2v 1.4V 1.6V 1.8V 2.0V

o I(R1) ¢ ID(M2)

Fig 2.3.1: I, and L., Vversus compliance voltage of simple current mirror.

300uA

200uA

100uA-

oA T T T T T T T T T
ov 0.2v 0.4V 0.6V 0.8V 1.0V 1.2v 1.4V 1.6V 1.8V 2.0V

o I(R1) ¢ ID(M2)
v_v2

Fig 2.3.2: I and L. versus compliance voltage of wildar current mirror.
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ov 0.2v 0.4v 0.6V 0.8V 1.0v 1.2v 1.4V 1.6V 1.8V
o I(R1) < ID(M3)

Fig 2.3.3: I,y and I, versus compliance voltage of wilson current mirror.

.0V

80uA

60uA

40uA-

20uA-

oA T T T T T T T T T
ov 0.2v 0.4v 0.6V 0.8V 1.0v 1.2v 1.4v 1.6V 1.8v
o I(R1) & ID(M3)

Fig 2.3.4: Izgr and I, vs compliance voltage of cascode current mirror.
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Fig 2.3.5: i, /iin(db) of all current mirrors versus frequency.
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Fig 2.3.6: Output resistance of all current mirror.
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2.4. Comparison

Comparison of different current mirror in terms of technology, supply voltage, number of transistors,
power dissipation, input resistance, output resistance etc. presented in Table 2.1.

Table 2.1: Comparison of different Current Mirror structures

Parameter Simple Wildar Wilson Cascode
Technology 350nm 350nm 350nm 350nm
Mirroring accuracy Very poor Poor poor Very good
Biascurrent | ... | s
fout 5425GHz | 4.29GHz 776.49MHz | 789.6MHz
/iin(—3db)bandwidth

R, (in ohm) 5.024E+2 1.0E+2 3.356E+4 1.005E+3
R,y (in 0hm) 298.7E+3 576.4E+3 24.8E+6 29.3E+6
Accuracy error .38 .58 22 18"
Power consumption 9.8E-12 9.9E-12 2.32E-11 3.8E-11
(in Watts)

Minimum output | 1.47 1.945 3.2 3.2
voltage(in V)

2.8 CMOS based cascode current mirror

Recently CM technique provides higher advantages as compare to VM techniques. CMOS based cascode
current mirror is used for high output resistance and also suppress the channel length modulation. Higher
the output resistance of current mirror higher will be the accuracy of the current mirror. Output voltage
across cascode current mirror is larger than the simple current mirror. CMOS based current mirror structure
is shown in Fig 2.5.1. This is the block which is used further to implement analog blocks.



25

biasing circuit V&S

Fig 2.5.1: CMOS based cascode current mirror[2.6].

Main feature of the current mirror is that current is independent of the voltage. Biasing circuit in the circuit
provide the constant reference current to the circuit. This I;,s current is independent or insensitive to
temperature [3.1]. As drain and gate of MB1, MB2 are shorted. So they are in saturation and MB1, MB2,
MP1,MP2, MP3, MP4 form PMOS current mirror for CMOS technology current mirror. Whatever current
will be at the input of MN1 will flow at the output. Because gate and source voltage MN3, MN4 is same.
So current at output node will be equal to the current at the input node.

2.5.1 Effect of non-idealities on current mirror:

Effect of non-idealities on current mirror is evaluated by calculating their transfer function. A small signal
model of this current mirror is shown in Fig 2.5.2 where the small signal transconductance, output
conductance and gate to source capacitance of each transistor have been taken into consideration. The
derived expression of the transfer function is given by equation as[2.7].



26

Lot —m

dsl
gs3 -
r I -1 BT
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Fig 2.5.2 : AC equivalent of CMOS based cascode current mirror[2.8].

C
_ s 41
lout _ 93 Om (7)

Iin gm4 52 C95214 C951 +s CgsZ,4

gngml gm2

+1

Where Cgs2 4 = Cgs2 T Cgs4 IS the total gate to source capacitance of Mn2 and Mn4.

Bandwidth from equation (7) is

BW: gm2gm1
C Cgs2,4

gsl

The pole of the second order equation are obtained from equation (7) as
C
pl= Om 1+ 1_4(%1&J -1
2C951 O Cgsz,4

Equation (8) conclude that it has three different case of root location:




1) If

Cgsz,4 4 Cgsl

The current mirror has two different negative real poles,
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2) If
[ Ome ng[ng
Cgsz,4 4 Cgsl
It has two equal negative real poles pl = p2 = — Z‘QLl. In this case the bandwidth is two times

gsi

the bandwidth of basic current mirror.

3) If

[ Omo }1(%}
Cgsz,4 4 Cgsl

Then it has complex conjugate pole pair

Im ;
pl=——|-1&% ] 4(
2C g \/

G2
O

J Coa ]_1
Cgsz,4

Bandwidth is, BW = [ﬂ]ﬁ that is 1.4 times the basic current mirror.

gs2,4
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2.6 Characterization of cascode current mirror through PSPICE simulation

CMOS realisation of cascode current mirror is simulated through PSPICE using 350nm technology
process parameters. Supply voltage used is +2.5V. Table 2.2 shows the aspect ratio used for different
transistors of cascode current mirror. Cascode current mirror is characterized for its DC and AC
responses. Various aspect parameters are calculated using PSPICE simulation.

Table 2.2: Aspect ratio of cascode current mirror used[2.9]

Element WI/L ratio Element WI/L ratio
MB1 8.6u/.85u MP4 8.6u/.85u
MB2 8.6u/.85u MN1 2u/.85u
MP1 8.6u/.85u MN?2 2u/.85u
MP2 8.6u/.85u MN3 2u/.85u
MP3 8.6u/.85u MN4 2u/.85u

2.6.1 DC characteristics

The general PSPICE schematic of cascode current mirror is shown in Fig 2.6.1. To verify the current
mirroring accuracy, DC curve between I;,, and I,,,,; is plotted in Fig 2.6.2.

DC curve between lin and lout while keeping I;,5 = 20uA is shown in Fig 2.6.3.
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40uA

20uA -

0AA

-20uA T T T T T T T
-20uA -15uA -10uA -5uA 0A SuA 10uA 15uA 20uA
o I(I2) ¢ I(R1)
I 12

Fig 2.6.2: I;;, VErsus I,,;

Current mirroring accuracy also depends upon the biasing current. Because proper biasing keep all the
transistors in active/saturation region. And for proper working of cascode current mirror this is
necessary condition. Graph of I,,,,; versus I, for different biasing current is shown in Fig 2.6.3.

50uh

-50uA T T T T T T T T
-50ua -40ua -30ua -20ua -10ua 0a 10ua 20ua 30ua 40ua 50ua
o -I(R1l) < I(I2)
1_12

Fig 2.6.3: I;,, versus I,,,,.for different biasing current (I,;.s)
2.6.2 AC characteristics:

For AC characteristics of the cascode current mirror, an AC signal of 1ImA is applied at the input. Current
at output terminal is obtained to be exactly 1mA. The simulation curve is shown in Fig 2.6.4
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0.8A

0.4A+

0A T T T T T
10Hz 100Hz 10KHz 1.0MHz 100MHz 10GHz
o I(I2) < -I(R1)
Frequency

Fig 2.6.4: iy and i, versus frequency.
As it can be seen from the fig that lout follows completely to the lin till 71.79MHz.

The 3-db bandwidth of the cascode current mirror is 1.03GHz. Up to 1.03GHz it acts as perfect current
mirror i.e. its current mirroring accuracy is very good.
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Fig 2.6.5: I,,,/ 1,,,; (db) versus frequency

10GHz

-0d

-100d+

-200d

-300d T T T
10Hz 100Hz 10KHz 1.0MHz
v P(I(R1)/I(I2))
Frequency

Fig 2.6.6: Phase response of current mirror

100MHz
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To determine the input impedence at input terminal, other terminal i.e. output terminal is kept open. AC
current source is applied at the input terminal and corresponding voltage across that terminal is obtained.
The input impedence obtained is 18.40k ohm as shown in Fig 2.6.7.

20K
Rin = 18.40K ohm
15K
18K
CK T T T T T
18Hz 188Hz 18KHz 1.8Hz 188MHz 18GHZ

« U{I2z+)F T(I2:+)
Frequency

Fig 2.6.7: Input resistance obtained at input terminal

Similarly to see the output resistance at the output terminal, open circuit the input terminal and apply an
AC current signal at the output terminal . Get the voltage across that AC current signal.

Take the ratio of output voltage to the output current. Output resistance obtained is 86.13M ohm as shown
in Fig 2.6.8. Output resistance of this cascode current mirror is highest as compare to other structure of the
current mirror except few.
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Fig 2.6.8: Output resistance obtained at the output terminal
L6u
transcoductance = 54, 29uAW
52u-
48u+
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= I{R1}/U{NH7 2d)
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Fig 2.6.9: Transconductance versus frequency.
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To determine the a variation of output current with frequency for biasing current 20uA was plotted. And
the curve is shown in Fig 2.6.10. The value of @ was obtained to be 0.999 which is approximately equal to
unity.

6.8
4.8+
2.8
o =[,999
L
a T T T T T
18Hz 188Hz 18KHz 1.80Hz 188MHz 18GHz

= I{I2)Y/I({R1)
Frequency
Fig 2.6.10: I,,./I;, with frequency keeping (I;, =1mA)

Total power dissipation of the cascode current mirror block is 0.3m Watts. Which is large as compare to
the other current mirrors because as number of the transistors increase, power dissipation also increases.
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The performance parameters obtained through simulation are listed in Table 2.3.

Table 2.3: Performance parameters of CMOS cascode current mirror

Parameter Value
Technology 350nm
Supply voltage 2.5V
Bias current 20u A
Transconductance 54.29u AV
lout/lin(-3db) bandwidth 1.03G Hz
Input resistance 18.4K ohm
Output resistance 86.13M ohm
o 0.999
Power consumption 0.3m Watts

2.7 Conclusion:

After analyzing all current mirrors, it is concluded that CMOS based cascode current mirror has high
output resistance, larger bandwidth, high accuracy. But it is also observed that it has maximum number of
transistors so power dissipation is maximum which is quite obvious. Characteristics for which current
mirror is used are (a) it should have high output resistance. (b) channel length modulation should be
negligible. These characteristics fulfills only cascode current mirror. Also it has high accuracy of mirroring
an input current at the output.



Chapter 3

APPLICATIONS OF CURRENT MIRROR
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In this chapter few analog basic building blocks such as current inverter, adder, subtractor are implemented
using current mirror. First order, second order low pass filter, SIMO filter, LT filter, sinusoidal to square
wave generator are also implemented using CMOS based cascode current mirror. These all simulation are
done using SPICE simulation. In these applications theoretical and experimental results are checked and
then verified.

3.1 Basic Building blocks

In this section current mirror based basic analog building blocks which are used for CM analog circuits.
The workability of these analog building blocks are verified using SPICE simulation. The supply voltage
of+2.5 V and in biasing circuit biasing current is 20 YA are used.

3.1.1 Current Adder

Current mirror can be used for addition of two current signals. In the Fig 3.1.1, two current signals are
added and result can be expressed as

L —
— CURRENT
MIRROR
'lrout = "'rl + "'rE
—
I, _ | CURRENT R
MIRROR 1

Fig 3.1.1: Block diagram of adder using current mirror.

Current adder circuit’s functionality can be verfied by taking two current signals of same frequency at an
input terminal of having I; = 5 uA and I, = 15 uA current mirror. So output current I, obtained to be
Iyut = 20 pA as shown in Fig 3.1.2.
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T T T T T T
Os 10ns 20ns 30ns 40ns 50ns 60ns 70ns 80ns 90ns 100ns
o I(I1) ¢ I(I2) v -I(R1)

Fig 3.1.2: Transient response of adder block
3.1.2 Current Inverter

Whatever current signal is applied at the input terminal this block invert that input signal as shown in Fig
3.1.3. We can say when a current signal is passed by this block we get the same signal but 180 degree
phase shift as shown in Fig 3.1.4.

Loyt = —Iin
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Fig 3.1.3: Schematic of current inverter.
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Fig 3.1.4: Time response of current inverter block.
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Y P(I(R1)/I(I2))
Frequency

Fig 3.1.5: Phase response of current inverter.

3.1.3 Current subtractor

When first current signal applied to current mirror and second current signal to the current inverter, output
of these block are joint and output taken through the resistance. Output is the difference of the two current
signal as shown in Fig 3.1.6.

Uout = I — I3)
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L —
— CURRENT
MIRROR
Ipur = [1_ IE
—>
I, _ | CURRENT R
—— INVERTER

Fig 3.1.6: Block diagram of current subtractor

Current subtractor circuit’s functionality can be verfied by taking two current signals of same frequency at
an input terminal of having I; = 15 A and I, = 10 uA current mirror. So output current I,,,, obtained to

be I, = 5 nA. But due to some offset current it is not exactly 5 uA but little bit larger than 5 uA as shown
in Fig 3.1.7.

SuA

ont

-5uA

-10uA T

Os 20ns 40ns 60ns 80ns 100ns
o I(R1)

Time

Fig 3.1.7: Transient response of subtractor block.
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3.2 Filters

3.2.1 First order low pass filter

Implementation of the first order low pass filter is shown in Fig 3.2.1. How it is designed it is shown in Fig
3.2.2, this is the core of the filter in which a lossy integrator used which works as loss pass filter.

j in 1
] [t

s+ 7

Fig 3.2.1: Core of the filter[3.1].

Transfer function of the low pass filter using core diagram is

lowe 1

im 1471s

Where  is the time constant of the filter which is equal to

Where g, mn1 IS the small signal transconductance of the transistor Mn1.
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TC

biasing circuit WSS

Fig 3.2.2: Low pass filter using current mirror.

The workability of the LPF is verified through SPICE simulation. The values of the components used are
60 nF, I,;,s = 20 uA.AC magnitude and phase response of the Ipf is shown in Fig 3.2.3 and Fig 3.2.4
respectively. -3 db frequency (3-db bandwidth) of the filter is 120 Hz.

-0

_80_

-120 T T T
1.0Hz 100HzZ 10KHz 1.0MHz 100MHz
v DB(I(R1)/I(I2))
Frequency

Fig 3.2.3: AC magnitude response of the low pass filter
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Fig 3.2.4: AC Phase response of the low pass filter
3.2.2 Second order low pass filter

Cascading of lossy and lossless integrator, we get a second order LPF as shown in Fig 3.2.5. Through this
cascding method , any type of transfer function can be generated.

I-r'n ] ] = Lot

s+1 s T

Fig 3.2.5: Block diagram of the second order filter[3.2].

Transfer function of the second order LPF is

imﬂ — 1
lin 14+ (14+1s)(15)
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AC magnitude and phase respose of the second order LPF is shown in Fig 3.2.6 and Fig 3.2.7 respectively.
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-300 T T T T T T T
10Hz 100HzZ 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz 1.0GHz
v DB(I(R1)/I(I1))
Frequency

Fig 3.2.6: AC magnitude response of second order LPF
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a P(I(R1)/I(I1))

Frequency

Fig 3.2.7: AC phase response of the filter

3.23LTFILTER

In this filter, two port V-I domain is converted into new x-y domain. There are three different section:
input, output and middle. To simplify the complexities of transformation matrix take a;; and §;;=0 for shunt

arms, and B;; and y;; = 0 for series arms. To reduce the Sl cells choose either a;; or y;; = £G and either g;;
or 6]1 = i1[33]
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Relationship between input, output current and voltage in terms of transmission parameter is

[‘1711]: fé ; [‘I’:] .................................................................................................. (3.1)

Where both I;and I, are assumed to flow into the network.
Consider the new port variable can be defined in terms of two nonsingular transformation matrices as

150 e 32)
] = [";22 gj [‘1722] ................................................................................................. (3.3)

From above the three equation
=l ally]
Where

a={ay (624 —v2B) + p1(8,C —y,D)}/A,;
b={a; (az; B — B14) + f1(az D — $,0)}/A,
C={v1(024 —y2B) + 6,(6,C — y,D)}/A,
d={yi(az B — BA) + 6:(az D — B,C)}/A;
Az=a; 62-B2y-

Now transpose of [y; y,] can be found from the above equation in terms of transpose of [x; x,] as

d/ —(ad—bc)/ .
[§;1=Lb L b‘ N
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For series and shunt arms
[(1) :Z] and [11/ —01]
For both matrices
A=1, D= -1, and BC=0
Interconnection matrix is
A1

1 0 —-1l1l;

Let us consider the input terminal of the ladder filter connected to the current source isz. From the Table 3.1.
if we choose the transformation matrix as

a, ,82] _ 0 1 H H
[)’2 5] = [G O] then the expression for y, is
yzzts_flz where T = RC is the time constant and R = 1/G and this relationship can be realized by a two

input CM based lossy integrator as shown in table
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Table 3.1 CM based substitution scheme[3.4]

Transformation matrix and transfer Current mirror based
fumction LT equivalent

F4
(U . i -x
. R c gool Y ey x
» r=RC [l !
z O,
L ool -%; I
® o 1] T we RC=C,[g, or LIR=C, g,
¥ r=LIR
1 -
o 1] yy =
. - F
3 = kel Lo W Zipt - ¥l
" o r=RC 1 C{D
1 - “T
L G oo __ X b .
#ale _ﬂ |._ '”_t's+|r RC=C, /g, of LIR=C, /8
e T=L/R

Passive [ilter section

(]

4
fo 1o 1]
L —
1 GoojGo0]
5 c -
T Y, m=} m ol B x e
fo—ouo»l o> o .
r=RC i
I [ ] i =¥
I o o o g W1 [ VA (R e
L Lo 1] RC=C, g, or LIR=C, [z,
6 II—I
N
f'go—  oF o
r=L/R
L O
‘°—| ; |—u2 Lo 1]
7 F
c [P /L L T
Ta¥
r £ %= RC,5, = L/R
o Lo 1
1 : GoOfle o
L a
# §_ Tyras + 1
IC Ya=—¥ =T|:‘I.. —x‘,':l
' F
1 ) T, =RC.T,=L/R RC=C, /g, or LiR=C, [k,

The fifth order elliptic filter is shown in Fig 3.2.8. The workability of the filter is shown in Fig 3.2.9. The
values of the capacitors of the active filter are C,,=11.89pF, C,.,=21.10pF, C,;,=4.23pF, C,5 = 19.11pF,
Coca=6.24pF, C,14=8.22pF and C,5=7.40pF. And its -3db bandwidth is 812k Hz.
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Fig 3.2.8:Block diagram of fifth order ellptic filter[3.5]
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Fig 3.2.9 : Frequency response of fifth order elliptic filter

3.2.4 SIMO filter
This is universal biquad filter topology and block diagram of SIMO filter is shown in Fig 3.2.10. in which
SIMO current mirror is used. Five standard filter can be desribed as:



Table 3.2: Transfer function of second order filter.

Filter type Input Transfer function
LPF lin1 = lin Lout _ Wg

iim  s2+ Bs+w?
BPF iin2 = iin lout Bs

im 2+ Bs+w?
BSF ling = lin3 = lin Lout _ s? + Wg

im 2+ Bs+w?
HPF ling = lin Lout _ s?

iim  S2+Bs+w?
APF ling = lin3 = lina = lin lout s? — Bs + w;§

iim  S2+Bs+w?

Where natural frequency wy =

2 /_C1C21

Im

bandwidth(B) = p

1 . 2 |Cq
———and quality fact = ’—
—ec and quality factor(Q) Cz

o1

The workability of this filter can be verified through SPICE simulation. This multifunction filter is

designed for 1.8MHz frequency for which capacitance choose are C; = 2.8 pF and C, = 3 pF .

out

outl

out2

m  outl

Fig 3.2.10: Block diagram of SIMO biquad filter[3.6].

out2 T

in3
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Fig 3.2.11: AC response of all filters
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Fig 3.2.12: AC magnitude response of all pass filter
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Fig 3.2.13: Phase response of all pass filter

3.3 Square wave generator

Square wave generator is a device which convert sinusoidal wave to a square wave. When current of a
sinusoidal wave goes above or below from +0.5uA, output of square wave generator goes to +354uA.
Workablity of the generator is shown in Fig 3.3.1.
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This chapter presents whatevere work carried out in this dissertation. This dissertation presents study of
various current mirror, their comparision and then application based on CMOS based cascode current
mirror. In first chapter, evavlution of current signal processing and how current signal processing is better
than voltage signal processing is presented which leads to motivation for the work done in this thesis.
Objective of the thesis is also discussed in this chapter.

Literature review on the various current mirror is shown in chapter 2. Current mirror can be designed using
both BJT and MOSFET which is obsereved in this review chapter. Then comparison of various current
mirror is done on the basis of their performance pararmeter. Further it includes CMOS based cascode
current mirror study. DC and AC characterisation of this current mirror is also done in this chapter through
SPICE simulation using 350nm technology. Various performance parameters have been observed through
simulation.

In chapter 3 some basic analog building blocks such as current inverter, current adder and subtractor are
implemented using CMOS based cascode current mirror. Further implementation of first order LPF, second
order LPF is done. This is followed by impementation of KHN and LT filter. Further application of current
mirror includes conversion of sinusoidal to square wave. Workability of all these applications is verified
through SPICE simulation.

Last chapter of this dissertation contains the summary of the thesis in chronological order.
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