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Abstract In this paper a novel low input impedance

current mirror/source is proposed. The principle of its

operation compared to that of the simple current mirror is

discussed. Also are given the comparative simulation

results with HSPICE in TSMC 0.18 lm CMOS which

verify the theoretical formulation and operation of the

proposed structure. Simulation results show an input

resistance for the proposed current mirror about 0.006 X.

This is 4 9 105 times lower than that of the simple one

while both working with 1.5 V supply and 50 lA bias

current. It consumes only 161 lW and exhibits an excellent

current error value of Zero at 55 lA which remains below

0.6% up to 100 lA. Favorably its minimum output voltage

is reduced to 0.2 V.

Keywords Current mirror/source �
Low input impedance � Low power � High accurate

1 Introduction

Current mirrors are one of the most important building

blocks in electronic circuits and systems. They are used to

perform current amplification, level shifting, biasing and

loading. One of the major draw backs of conventional

current mirrors is their rather high input impedance, while

especially in current-mode signal processing the nodes

impedances have to be very small. In fact this impedance

has a substantial effect on overall dynamic range and

frequency response of the circuit. There are many litera-

tures dealing with the problems of input impedance [1–8].

In [1, 2] a voltage amplifier is inserted between the drain

and gate of input transistor to decrease the input imped-

ance. In [2] several possible implementations of the

amplifier are studied. However these configurations suffer

from poor stability problems. The better performance

(35 X) is achieved in case of using a differential ampli-

fier. The drawback of differential amplifier is that it needs

high supply voltage and high power consumption [2]. The

active input regulated cascode (AIRC) scheme reported in

[3] uses differential amplifier in both input and output

sides of current mirror. The used scheme is claimed to

have very low input and high output resistance which is

rejected in [4]. Moreover its input side loop contains two

high impedance nodes which always require careful

compensation to prevent both oscillations and transient

response with long settling times. In [4] a current mirror

is presented which achieves low input impedance (100 X)

using flipped voltage follower (FVF) scheme. This

scheme has some disadvantages as: transient and band-

width performance degradation, circuit complexity, and

higher power consumption. Moreover it requires carful

design of biasing network. To improve the performance

of this scheme some circuits are introduced in [5–7]

which use two nested shunt feedback loops at the input

side. One of them is implemented with a FVF and the

other consists of an amplifier (A1) and a transistor (M1C).

Both loops act simultaneously to reduce the input

impedance. However these circuits can achieve too

extremely low input impedances (0.75, 0.012 and 0.01 X
respectively). But they all suffer from circuit complex-

ity, higher power consumption, and offset current.
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Furthermore in these circuits the feedback loop contains a

very high impedance node which degrades input imped-

ance frequency response. In other words their -3 dB

cutoff frequency occurs in very low frequencies. The

limitation of [5] is that in order to transistors MA1 and

MA2 operate in saturation mode, VGS of transistors M1C

and M2C must be less than the threshold voltage of MA1

and MA2. This might not be possible in some CMOS

technologies. Carful design of biasing network is required

in [6] and circuit proposed in [7] uses floating gate

transistors in its feedback loop which has its limitations

and needs a more expensive technology to be imple-

mented. In [8] the comparative study of various structures

for amplifier placed in feedback loop are performed. In all

these schemes the used amplifiers substantially add the

complexity of the circuit and result in degradation in both

band width and power consumption.

In recent decades current mode circuits have consid-

erably attracted the attentions due to their highly

demanded advantages [3, 9, 10]. Current mirrors are

amongst the most used blocks of current mode circuits.

They, hence, like current buffers and current operational

amplifiers have to contain an input impedance as low as

possible. As a current signal path, the lower is the input

impedance of a current mirror the larger will be its effi-

ciency in current transference to next stage. A Novel

building block is therefore proposed here which signifi-

cantly lowers the input impedance of current mirror while

eliminating the offset biasing current, consumes low

power and preserves other specifications. To get maxi-

mum efficiency out of this ultra low input impedance, the

sheet resistance of related inter connections should also be

reduced accordingly. Favorably the technology trend is

encouragingly. In recent years the sheet resistance has

decreased from 20 to 80 mX [11] to 5 mX [12] while

elements density has passed 1 Billion per chip and is

predicted to become more than 1000 Billions per chip in

2016 [13]. This trend however forces the layout engineers

to devise even much lower sheet resistances. In fact, here

is presented a current mirror to be able to face the

challenges already imposed by technology and demands

offered by consumers. In particular, it tends to be unique

in this sense that can be connected to its previous block

without interconnections!! This possibility arises from the

point that most processors (especially current mode ones)

contain a complementary output which includes PMOS

transistor whose drain can be produced in common with

the P type source terminal of M3 transistor (Figs. 1 and

2). This task which can be done by layout specialist

eliminates the need for inter connections. Although here

the principle of impedance reduction is shown on a

simple current mirror, but other current mirrors also give

the same result.

2 The proposed low input impedance current mirror

The main idea is to incorporate transistor M3 in series with

the input terminal of the basic circuit of the current mirror

and use a gain amplifier of ‘-A’ gain to control the gate

voltage of M3. In Fig. 1 is shown a simple current mirror

(a) and the conceptual schematic of the proposed current

mirror (b). Any increment in source voltage of M3 (as the

result of injected input current) causes its gate voltage to

decrease ‘-A’ times, hence causing stronger sink of input

current which results in input impedance decrement by ‘A’.

Figure 2 shows transistor level implementations of this

idea. As shown in Fig. 2(a) the amplifier can be imple-

mented by only two transistors which act as a simple

inverter for which input voltage is obtained as:

vin ¼ vsg3 þ vds4 ð1Þ

For the amplifier to have the significant gain required for

perfect operation of the circuit, transistors M4 and M5

should operate in saturation region. If either of M4 or M5

leaves saturation condition, amplifier’s gain reduces lead-

ing to increase of input impedance. The detailed analysis

and formulation of the subject is given in Sect. 3.

Figure 2(b) shows another implementation of the added

amplifier using self cascode scheme. By using self cascode

schematic, effective length of transistors can be increased

causing two advantages: (1) the gain of the amplifier

increases due to increase of its output resistance hence

leads to lower input resistance; (2) amplifiers’ current is

decreased which saves power consumption. The gain of

amplifier can be increased by adding two extra cascode

transistors. But this method has two limits; (1) supply

voltage limits due to increasing of cascode transistors; (2)

input impedance bandwidth degradation due to existing of

a very high impedance node in feedback loop. Another

scheme to achieve a higher gain is cascading of gain stages.

Figure 2(c) shows a current mirror in which amplifier of ‘‘A’’

is implemented by cascading of a self cascode inverter of

‘‘-A1’’ gain and a positive gain stage of ‘‘?A2’’ building

(a) (b)

Fig. 1 a A simple current mirror; b a conceptual schematic of the

proposed current mirror
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by transistors M8-M11. So the amplifiers gain of ‘‘A’’

obtains from (2) as:

A ¼ A1� A2 ð2Þ

The advantage is that A can be increased without increase

of power supply voltage.

3 Theoretical analysis of the proposed circuit

3.1 low frequency input resistance analysis

Figure 3 shows the small signal equivalent circuit for the

proposed circuit (Fig. 2a) in which the direction of p-type

current mirrors are drawn opposite to the direction of

n-type ones to follow the behavior of the types of the

transistors for the same Vin. By using Fig. 3 we get:

vs3 ¼ vg4 ¼ vg5 ¼ vin

vs4 ¼ vs5 ¼ 0

)
�!yields

vgs4 ¼ vgs5 ¼ vin ð3Þ

vg3 ¼ � gm4vgs4 þ gm5vgs5

� �
rds4 rds5kð Þ

¼ gm4 þ gm5ð Þ rds4 rds5kð Þvin ð4Þ

With reference to Fig. 2(a) we have:

A1 ¼ �vg3

vin
ð5Þ

which gives:

A1 ¼ gm4 þ gm5ð Þ rds4 rds5kð Þ ¼ gm4 þ gm5

gds4 þ gds5

ð6Þ

vin ¼ Iin
1

gm1

����rds1

� �
þ gm3vgs3 þ Iin

� �
rds3

’ Iin
1

gm1

þ gm3vgs3 þ Iin

� �
rds3 ð7Þ

vgs3 ¼ vg3 � vs3

� �
¼ � A1þ 1ð Þvin ð8Þ

vin ¼ Iin
1

gm1

� gm3rds3 A1þ 1ð Þvin þ Iinrds3 ð9Þ

vin 1þ gm3rds3 A1þ 1ð Þð Þ ¼ Iin
1

gm1

þ rds3

� �
ð10Þ

Rin¼
vin

Iin
¼

1
gm1
þ rds3

h i
1þgm3rds3 A1þ1ð Þ’

rds3

1þgm3rds3 A1þ1ð Þ
’ 1

gm3 A1þ1ð Þ
ð11Þ

Performing same formulations for Fig. 2(b) and (c) to get

Rin gives respectively:

Rin ¼
1

gm3
gm4þgm7

go
þ 1

� � ð12Þ

Rin ¼
1

gm3
gm4þgm7

go
� gm8gm10

gm9 gds10þgds11ð Þ þ 1
� � ð13Þ

where

go ¼
gds4gds5

gm5

þ gds6gds7

gm6

ð14Þ

3.2 Input impedance frequency response analysis

The frequency equivalent circuit for the proposed structure

of Fig. 2(a) is shown in Fig. 4 in which we have:

cin ¼ cgs4 þ cgs5 þ csd3kcg

� �
cgdn ¼ cgs3 þ cgd4 þ cgd5

cg ¼ cds1 þ cgs1 þ cgs2

ð15Þ

vgs4 ¼ vgs5 ¼ vin ð16Þ

vg1 ¼
Iin

gm1 þ gds1

’ Iin

gm1

ð17Þ

Now substituting Iin from (11) into (17) gives:

vg1 ¼
1þ gm3 A1þ1ð Þ

gds3
� vin

gm1þgds1

1
gm1
þ 1

gds1

� � ’ gm3A1

gm1

vin ð18Þ

In (18) substituting A1�Vin with -Vg3 as is noticed by (5) gives:

RL

VDD

GND

M1 M2

M3

M4

M5

VDD

GND

M1 M2

M3

M4

M7

M5

M6

(a) (b) VDD

GND

M1
M11

M3

M4

M7

M5

M6

(c)

M2

M8

M9 M10Ibias

Iin

Ibias

Iin

Ibias

Iin

Ibias
IbiasIbias

RL RL
IoutIoutIout

Fig. 2 Transistor implementation of the proposed current mirror
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vg3 ¼
�gm1

gm3

vg1 ð19Þ

By using Miller rules Fig. 4 can be simplified to Fig. 5

assisting to analyze input impedance as follows:

c0in ¼ cin þ 1þ A1ð Þcgdn ð20Þ

c0g ¼ cg þ 1þ gm2

gl þ gds2

	 

cgd2 þ cgd3 1þ gm1

gm3

	 

ð21Þ

cdn ¼
cgd3 1þ gm1

gm3

� �
gm3

gm1

þ cgdn 1þ A1ð Þ
A1

ð22Þ

cL ¼
cgd2 1þ gm2

gLþgds2

� �
gm2

gLþgds2

þ cds2 ð23Þ

By defining yn and y1 as (24)

yn ¼ gds4 þ gds5 þ scdc

y1 ¼ gm1 þ gds1 þ sc0g ’ gm1 þ sc0g
ð24Þ

We get:

Iin ¼ vin �
gm3

gds3

vgs3

	 

gds3y1

gds3 þ y1

	 

þ sc0invin ð25Þ

vgs3 ¼ � 1þ gm4 þ gm5

yn

	 

vin ð26Þ

Combining (25) and (26) gives:

vin 1þ gm4 þ gm5 þ ynð Þgm3

yngds3

	 

gds3y1

gds3 þ y1

	 

þ sc0invin ¼ Iin

ð27Þ

By substituting y1 and yn from (24) in (27) we get for

zin:

zin ’
gm1 þ sc0g

� �
gds4 þ gds5 þ scdnð Þ

B

B ¼ gm1 þ sc0g

� �
gm3cdnsþ gm3 gm4 þ gm5ð Þ½ �

þ sc0in gm1 þ sc0g

� �
gds4 þ gds5 þ scdnð Þ

ð28Þ

which can also be arranged as:

zin ’
a0 1þ c0gs

gm1

� �
1þ cdns

gds4þgds5

� �
b0 þ b1sþ b2s2 þ b3s3

a0 ¼ gm1 gds4 þ gds5ð Þ
b0 ¼ gm1gm3 gm4 þ gm5ð Þ
b1 ¼ gm1 gds4 þ gds5ð Þc0in

þ gm1gm3cdn þ gm3 gm4 þ gm5ð Þc0g
b2 ¼ c0inc0g gds4 þ gds5ð Þ

þ gm3c0gcdn þ gm1cdnc0in

b3 ¼ cdnc0gc0in

ð29Þ

Assume c0in [ cdn; c
0
g and gm1; gm3 [ gm4; gm5 we get:

zin ’
a00 1þ c0gs

gm1

� �
1þ cdns

gds4þgds5

� �
b00 1þ b01sþ b02s2 þ b03s3
� �

a00 ¼ gds4 þ gds5

b00 ¼ gm3 gm4 þ gm5ð Þ

b01 ¼
cdn

gm4 þ gm5

b02 ¼
cdnc0in

gm3 gm4 þ gm5ð Þ

b03 ¼
cdnc0gc0in

gm1gm3 gm4 þ gm5ð Þ

ð30Þ

Or

Iin

Vin
rds3

rds1

rds5

rds4 rds2 RL1/gm

gm5vgs5

gm4vgs4 gm2vgs2

gm3vgs3

Vg1=Vg2 Vg3

Vout

Fig. 3 Small signal equivalent

circuit for proposed circuit

(Fig. 2a)
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zin ’
a00 1þ c0gs

gm1

� �
1þ cdns

gds4þgds5

� �
b00 1þ 1

p1
s

� �
1þ 1

p2
s

� �
1þ 1

p3
s

� � ð31Þ

Suppose p1, p2 � p3 we get:

1

p1

1

p2

1

p3

¼ b03;
1

p1

1

p2

¼ b02 �!
yields 1

p3

¼ b03
b02
¼

c0g
gm1

ð32Þ

So (31) is simplified as:

zin ’
a00 1þ cdns

gds4þgds5

� �
b00 1þ 1

p1
s

� �
1þ 1

p2
s

� � ð33Þ

If we assume p1 � p2 then we obtain:

1

p1

þ 1

p2

’ 1

p1

¼ b01;
1

p1

1

p2

¼ b02 �!
yields 1

p2

¼ b02
b01
¼ c0in

gm3

ð34Þ

Comparing b01 (from (30)) to
b0

2

b0
1

¼ c0in
gm3

shows the rather

equality of both values so that we can write:

c0in
gm3

’ cdn

gm4 þ gm5

) 1

p2

’ 1

p1

ð35Þ

Relation (35) is against assumption p2 � p1 which should

be corrected as p1 ^ p2 leading to (36)

1

p1

’ 1

p2

¼ 1

p
¼ b01

2
;

1

p1

1

p2

¼ b02 ð36Þ

Substituting (36) into (33) gives:

zin ’
a00 1þ 1

z s
� �

b00 1þ 1
p s

� �2
¼

a00 1þ cdns
gds4þgds5

� �
b00 1þ cdns

2 gm4þgm5ð Þ

� �2

¼
1þ cdns

gds4þgds5

� �
gm3 A1þ 1ð Þ 1þ cdns

2 gm4þgm5ð Þ

� �2
ð37Þ

Relation (37) implies that zin has two equal poles and one

zero which are interrelated by A1 (specified by relation (6))

as is shown in (38):

p ¼ 2A1� z ð38Þ

Iin

Vin
gds3

gds1

gds4

gds2 GLgm

gm4vgs4

gm2vgs2

gm3vgs3

Vg1=Vg2

Vg3

Vout

gm5vgs5
gds5cin

cgdn

cgd3

cgd2

cg

Fig. 4 High frequency

equivalent circuit for proposed

circuit (Fig. 2a)

Iin

Vin
gds3

gds1

gds4

gds2 GLgm

gm4vgs4

gm2vgs2

gm3vgs3

Vg1=Vg2

Vg3

Vout

gm5vgs5
gds5

'
inc

'
gc

Lc

dnc

Fig. 5 Simplified high

frequency equivalent circuit for

proposed circuit (Fig. 2a)
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Relation (38) demonstrates a trade-off between input

impedance value and its frequency response. Any increment

in ‘A’ causes splitting between pole and zero to increase

further which degrades the frequency response of zin.

Performing same formulations for Fig. 2(b) gives:

A1c ¼ gm4 þ gm7

go
ð39Þ

and

zin ’
go 1þ cdns

go

� �
b00 1þ cdns

2 gm4þgm7ð Þ

� �2
ð40Þ

where go is defined in (14). Now substituting (39) into (40)

gives:

zin ’
1þ cdns

go

� �
gm3 A1cþ 1ð Þ 1þ cdns

2 gm4þgm7ð Þ

� �2
ð41Þ

And for Fig. 2(c) it gives:

A2 ¼ gm8gm10

gm9 gds10 þ gds11ð Þ

A ¼ A1c� A2 ¼ gm4 þ gm7

go
� gm8gm10

gm9 gds10 þ gds11ð Þ

ð42Þ

and

zin ’
go gds10 þ gds11ð Þ 1þ c0gS

gm1

� �
1þ cdn1S

go

� �
1þ cdn2S

gds10þgds11ð Þ

� �
b000 1þ b001 Sþ b002 S2 þ b003 S3 þ b004 S4
� �

’
go gds10 þ gds11ð Þ 1þ cdn1S

go

� �
b000 1þ c0g

2gm1
S

� �2

ð43Þ

Substituting (42) into (43) gives:

zin ’
1þ cdn1S

go

� �
gm3 A1c � A2ð Þ 1þ c0g

2gm1
S

� �2
ð44Þ

where go is defined in (14) and:

b000 ¼ gm3 gm4 þ gm5ð Þ gm8gm10

gm9

	 


b001 ¼
c0g

gm1

b002 ¼
cdn1c00in gm9 gds10 þ gds11ð Þ
gm3gm8gm10 gm4 þ gm5ð Þ

b003 ¼
cdn1cdn2c00in gm9

gm3gm8gm10 gm4 þ gm5ð Þ

b004 ¼
cdn1cdn2c00in c0ggm9

gm1gm3gm8gm10 gm4 þ gm5ð Þ

ð45Þ

c00in ¼ cin þ 1þ A1ð Þ cgd4 þ cgd5

� �
þ 1þ Að Þcgs3

cdn1 ’ cds5 þ cds6 þ cgd4 þ cgd5 þ cgs8 þ cgd8 1þ gm8

gm9

	 

cdn2 ¼ cds10 þ cds11 þ cgd10 þ cgd11 þ cgs3

ð46Þ

Equations (41) and (44) present input impedance of

Fig. 2(b) and (c) respectively. Note that in relations (37),

(41), and (44) the second order poles are complex but due

to the fact that their imaginary parts are small compared to

real parts, we thus neglect their imaginary part to simplify

the relations.

The relations (37) to (44) show that the zin of proposed

circuit has one zero and two dominant poles. For all

schemes, Zero occurs in lower frequencies than poles. It is

proved that any increment in amplifier’s gain reduces the

input impedance but meanwhile causes the zero to move

towards lower frequencies, thus further degrades the band

width of the input impedance. It can also be found from (44)

and (42) that the DC value of zin of the structure of Fig. 2(c)

is proposition to 1ffiffiffiffiffiffiffiffiffiffiffi
kM3�kM8

p
�V3

A
�kinverter

which implies that the

larger are the aspect ratios of M3, M8 and the inverters’

transistors, the smaller would be zin of this structure, the

point that is followed in selection of related aspect ratios.

Moreover, some other factors are also affecting the value of

zin which have been regarded in this design too.

4 Simulation results and discussion

HSPICE simulations are carried on using TSMC 0.18 lm

CMOS technology utilizing single 1.5 V power supply. The

MOSFETs aspect ratios are given in Table 1. Ibias is taken as

50 lA on which the ac input current is superimposed as

required. Since we intended signal path (processing) appli-

cations of current mirrors rather than their biasing applica-

tions thus we examined the frequency response of the

proposed structure of Fig. 2(c) which is shown in Fig. 6 and

exhibits relatively high frequency bandwidth of 577 MHz.

However, for higher frequency applications the structure of

Fig. 2(a) can be used with a bandwidth of 1.21 GHz, of

course, in expense of a larger zin which can be compensated

by proper setting the related transistors aspect ratios yet

preserving the high frequency operation. For the same reason

(AC applications) zin (instead of Rin) is examined at

Ibias = 50 lA applying an ac input current Iin (holding up

class A operation), giving the comparative results shown in

Fig. 7, proving very small value of 5.8 mX at low frequen-

cies for the structure of Fig. 2(c). It is about 4 9 105 times

smaller than input impedance of simple current mirror in the

same conditions. Although it increases at higher frequencies

14 Analog Integr Circ Sig Process (2011) 66:9–18
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(with a Zero at &160 kHz) but still is smaller than that of

simple current mirror inside the applicable unity gain

bandwidth of both ones (cf. Figs. 6 and 7). However, the

problem can be removed by either increasing zero frequency

or/and decreasing poles frequencies (cf. Fig. 7 and relations

(43) and (14)). This can be accomplished by a proper fre-

quency compensation technique or suitable aspect ratios

and capacitance values (especially Cgs ones) of related

transistors. It should be noted that beyond fT the performance

of both the simple current mirror and the proposed ones

degrades by fast reduction of k (k = Io/Iin) makes of no

importance the attempts may be expected for frequency

improvement of zin beyond fT. The transient response of the

proposed circuit (Fig. 2c) is checked by applying a current

step by amplitude of 100 lA. The result is shown in Fig. 8.

Figure 9 shows the output current when applying a sinu-

soidal current signal in the input node which also proves the

stability of the proposed circuit. Favorably the minimum

output voltage of the proposed current mirror is reduced to

0.2 V at class A operation (Fig. 10) which promises a high

swing at output. By the same figure the average value of

output impedance (zo) of the proposed structures is measured

as 407 kX at 50 lA (in the deep saturation region of Fig. 10).

The current transfer error of the structure of Fig. 2(c) against

bias current is shown in Fig. 11. It is measured about

-0.07% at 50 lA, becomes about zero at 55 lA and keeps

the same slope (of &0.14% per 10 lA) up to 250 lA at

Table 1 Transistors aspect ratio

MOSFET name Aspect ratio

Simple Figure 2(a) Figure 2(b) Figure 2(c)

M1 3.6 lm/0.54 lm 3.6 lm/0.54 lm 3.6 lm/0.54 lm 3.6 lm/0.54 lm

M2 3.6 lm/0.54 lm 3.6 lm/0.54 lm 3.6 lm/0.54 lm 3.6 lm/0.54 lm

M3 NA 36 lm/0.18 lm 36 lm/0.18 lm 36 lm/0.18 lm

M4 NA 0.36 lm/0.18 lm 0.27 lm/0.18 lm 0.27 lm/0.18 lm

M5 NA 10.8 lm/0.18 lm 0.9 lm/0.54 lm 3.6 lm/0.54 lm

M6 NA NA 45 lm/0.54 lm 23.13 lm/0.54 lm

M7 NA NA 27 lm/0.18 lm 0.9 lm/0.18 lm

M8 NA NA NA 5.4 lm/0.54 lm

M9 NA NA NA 0.9 lm/0.54 lm

M10 NA NA NA 0.9 lm/0.54 lm

M11 NA NA NA 0.9 lm/0.54 lm

Fig. 6 Frequency response of proposed circuit shown in Fig. 2c

Fig. 7 High frequency input

impedance of the proposed

circuits compared to that of

simple current mirror

Analog Integr Circ Sig Process (2011) 66:9–18 15
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which reaches &?10 lA. for a more precise study of the

overall behavior of the proposed current mirror its transfer

function (Iout versus Iin) is plotted in Fig. 12 compared with

that of the simple current mirror. The plot shows that both

responses are exactly the same so that one cannot be distin-

guished from another. It also shows the high capability of the

proposed current mirror in handling currents as large as

1.5 mA and more. The plot shows the same slope as of an

ideal linear line (which is drawn for comparison) up to cur-

rents about 0.65 mA which can be taken as the minimum

dynamic range of the proposed current mirror. This range can

be extended to 0.93 mA for applications tolerating errors up

to 10%.

To investigate the gain of the amplifiers (A1cA2) used in

the structure of Fig. 2(c) versus ‘‘VDD’’ variations the PSRR

of A1cA2 as is defined in [8], i.e. (A1cA2/(DVo/DVDD)), is

evaluated and shown in Fig. 13. In this definition ‘‘Vo’’ is the

output voltage of the second amplifier fed back to the gate of

M3 for which we have: Vo = VD11 = VG3 = A1cA2 Vin.

Fig. 8 Transient response of

Fig. 2(c) (stability test)

Fig. 9 The response of Fig. 2(c) to a sinusoidal input current

(stability test)

Fig. 10 Output current in terms of output voltage in class A

operation

Fig. 11 Current transfer error

Fig. 12 Transfer function of the proposed current mirror (Iout vs. Iin)

compared with that of simple current mirror

Fig. 13 PSRR of A1cA2; A1cA2/(DVo/DVDD)
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It thus represents the effect of the feedback loop on the

input signal of the proposed current mirror. The resulted

PSRR is about 118 dB reflecting the extremely small effect

of ‘‘VDD’’ variations on ‘‘VG3’’ proving the high insensi-

tivity of feedback loop (as a whole) to ‘‘VDD’’ variations.

Compared results are summarized in Table 2. To have a

fair comparison the results of the proposed structure are

compared with the F.B. Pseudo-amplifier contained struc-

ture of Fig. 2(e) in [8] which is introduced as the best one

by the authors of that paper [8].

5 Conclusion

A novel structure to improve conventional current mirror’s

input impedance is introduced. The principle of the input

impedance reduction is discussed. A comparison between

the features of the proposed current mirror and the simple

current mirror is presented both in analytic and simulation

format. It is shown that input impedance is reduced sig-

nificantly compared to that of the simple current mirror (in

the order of 4 9 105 times). Current transfer error as

another most important parameter in current-mode pro-

cessing (and signal path application) reaches Zero at 55 lA

and remains below 0.6% up to 100 lA. Simulation results

in TSMC 0.18 lm CMOS technology with HSPICE are

presented to demonstrate the performance validation of the

proposed current mirror. As is shown the proposed current

mirror achieves ultra low input impedances without

degrading other specifications.
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