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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 um 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 Q.
This is 4 x 10’ times lower than that of the simple one
while both working with 1.5 V supply and 50 pA bias
current. It consumes only 161 pW and exhibits an excellent
current error value of Zero at 55 pA which remains below
0.6% up to 100 pA. 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

H. F. Baghtash - S. J. Azhari (X))

Electronics Research Center, Electrical and Electronic
Engineering Faculty, Iran University of Science

and Technology (IUST), Tehran, Iran

e-mail: azhari@iust.ac.ir; sj_azhari@yahoo.com

H. F. Baghtash
e-mail: hfaraji@ee.iust.ac.ir

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 Q) 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 Q)
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 Q
respectively). But they all suffer from circuit complex-
ity, higher power consumption, and offset current.

@ Springer



10

Analog Integr Circ Sig Process (2011) 66:9-18

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
MAZ2 operate in saturation mode, Vg 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 mQ [11] to 5 mQ [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.
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Fig. 1 a A simple current mirror; b a conceptual schematic of the
proposed current mirror

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 = Vsg3 + Vasa (1)

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 “4A2” building
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Fig. 2 Transistor implementation of the proposed current mirror
by transistors M8-M11. So the amplifiers gain of “A” 1
obtains from (2) as: Vin(l + gm3rds3(A1 + 1)) =lpy|—+ 13 (10)
: ml

A=Al x A2 (2) 1

_ Vin |:gml + rdS3:| Yds3

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 V;,. By using Fig. 3 we get:

Vs3 = Vg4 = V5 = Vin | yields
— Vgs4 = Vg5 = Vin (3)
Vsa4 = Vg5 = 0
Vg3 = — (gm4vgs4 + &ms VgsS) (rds4 || rdsS)
= (gma + &ms) (Fasa|| Fass ) Vin (4)

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

Ve3
Al = -2 5
o (5)

which gives:

_ 8ma + 8m5

Al = (gma + gms)(rasal|rass) = ——— 6
(g ‘T 5>( d4|| dS) 8dsa + 8dss ( )
1
Vin = Lin |—||rast | + (8m3Vess + Iin) Fas3
ml
~ Iin_ + (gm3vgs3 + Iin)rdSS (7)
ml
Vgs3 = (Vg3 - Vs3> = _(Al + l)vin (8)
1
Vin = Iing_ — 8m37ds3 (Al + 1)Vin + IinrdsB (9)
ml

Iin - 1 +gm3rds3(A1 + 1) 1 +gm3rds3(A1 + 1)
1

i

(11)

_gm3(Al+1)
Performing same formulations for Fig. 2(b) and (c) to get
R;, gives respectively:

1
Rp= ——— (12)

gm3 (gnm;gm + 1)

1
R, = (13)

8md+8m1 8m88m10
X 1
ng( 8o gmo(8asto+8ast1) + )

where

g, = 8ds48ds5 + 8ds68dsT (14)
8m5 8m6

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 = Cgs4 + Cgs5 + (Csd3||cg)
Cgdn = Cgs3 + Cgdd + Cgqs (15)

Cg = Cdsl + Cesl + Cegs2
Ves4 = Vgs5 = Vin (16)
_ &  Ain
gl = e
8&m1 + 8asi 8ml

1%

Now substituting 7;,, from (11) into (17) gives:

1+gn13(A]+l) X Vin

Al
Vel = gtlf.\'B 1 Smi 851 323 Vor (18)
i . 1
(gml + gd.vl) "

In (18) substituting A1-V;, with —V,3 asis noticed by (5) gives:
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Fig. 3 Small signal equivalent
circuit for proposed circuit

(Fig. 2a)
OmaVgs3 gmsVgss lds5
Vout
Vg1: g2 VgS
lds1 OmaVgs4 lds4 Om2Vgs2 lds2 % RL
-
—8ml /
Vg3 = Vol (19) (gml + SCg) (8ass + &dss + SCan)
m3 Iin = B
By using Miller rules Fig. 4 can be simplified to Fig. 5 B , (28)
assisting to analyze input impedance as follows: - (g”“ + scg) [8m3¢ans + 83 (gma + &)
C;n =cip+ (1 +A1)ngn (20) + SC;n (gml + SC;,) (gds4 + 8ass + Scdn)
c; =+ (1 T 8m2 >ng2 F Coas <1 I gml) (21) which can also be arranged as:
81+ 8as2 8m3 L) (1 s
o L ao( + M) < + gm4+gdss)
e _cgd3<1 +g?>gm3+cgdn(1 +Al) (22) "7 by + bis + bys? + b3s?
=
8mi Al ao = gm1(8dss + 8ass)
Ced2 (1 + glﬁin;dvz) o = s (s gmf)
(L=——-—7F>—"+cCi (23) b1 = gmi(8ass + &dss5)Cly (29)
8L¥ 842 + 8m18m3Cdn + 8m3 (gm4 + ng)C;,
By defining y, and y; as (24) by = C;nclg(gdﬂ + 8ass)
/ /
YVn = Qasa + &ass + SCac (24) + gm3Cngn + 8m1CdnCiy,
Y1 = 8m1 + &ds1 + SC;, >~ gl t+ SC;, by = Cdﬂcfgcgn
We get: Assume C:»n > Cans C;, and 8mls 8m3 > &m4, &ms WeE get:
/ 1 i) <1 CdnS )
I, = (V,’n — gﬁvgs?,) (M) + SC;nVin (25) 2~ Clo( + 8ml + 8dsa+8dss
8ds3 8ds3 + 1 " b (14 by + bhs? + bysd)
r_
Ve = (1 o +—g'"5)vfn (26) 0= 8 F gus
Yn b6 = gm3(gm4 + ng)
Combining (25) and (26) gives: b, = Can (30)
8ma + 8m5
CanC'
Vin (l + (gm4 + 8ms5 + yn)gm3> ( 8ds3Y1 ) + SC;nV,‘n _ Iin b/2 _ dnCin
Yn8ds3 8ds3 + Y1 8m3 (gm4 + ng)
(27) CanCyCly

b, =
3 gmlgm3(gm4 +gm5)

By substituting y; and y, from (24) in (27) we get for
Zin: Or
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Fig. 4 High frequency lin
equivalent circuit for proposed > Cydn v
circuit (Fig. 2a) H ®
Vin l
Cin T Yds3 9maVgs3 Cgda=— ImaVgsa OmsVgss Yas4 Gass
Vg1=V92 Vout
Cgd2
/|
11
Cqg — dm Jdst OmaVgs2 Jds2 GL
Fig. 5 Simplified high lin

frequency equivalent circuit for
proposed circuit (Fig. 2a)

—
Vga
Vin )
C[HT Jds3 Om3aVgs3  OmaVgss OImsVgs5 Jds4 Yds5 == Cdl’l

Co=—= gnm

/ C;S CinS
%o (l + ﬁ) (1 + gd.migm)
/ 1 1 1
p(1+45) (141 5) (1+15)

Suppose p;, pr K p3 we get:

Tin =~

LI T O 7S N S S
P1pap3 pip2 2 p3 by gm
So (31) is simplified as:
/ CanS
2 ay <11+ gd,\zxigdxs? (33)
/
bo(l +[;1 S) (1 +[;2S>
If we assume p; < p, then we obtain:
. / /
i+igi:b’1’ ii:b;%‘i:@:i (34)
pPro P2 P P1D2 P2 by gm
Comparing b} (from (30)) to Z—% = é% shows the rather
1 'm3

equality of both values so that we can write:

VgW:VgZ
Voul
Jdst Om2Vgs2 Jds2 GL == c,
c Can 1 1

P — o — (35)
8m3 8m4 + 8m5 P2 P1

Relation (35) is against assumption p, > p; which should
be corrected as p; ~ p, leading to (36)

1 1 1 b I
pi 2 p 2 pip
Substituting (36) into (33) gives:
aE) (1 * %S> _ a6 (l + gdxjitz;dxs>

2= 2
1 CdnS
b6 (1 + .l_JS) b6 (1 + 2(g;zz4d+gm5))
(1 + gd.v;il‘:;ed.ﬁ

a 2
gm3 (Al + 1)(1 -s-%)

8ma+8ms

v (36)

Tin =~

(37)

Relation (37) implies that z;, has two equal poles and one
zero which are interrelated by A1 (specified by relation (6))
as is shown in (38):

p=12A1xz (38)
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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 z;,.
Performing same formulations for Fig. 2(b) gives:

Alc = 8ma + 8m1 (39)
8o

and
go(1+2)
} 2
CdnS.
bO (1 + 2(8ma +gm7))

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

Zin =

gives:
(1)

Iin = ) (41)

gus(Ale+1) (14 )
And for Fig. 2(c) it gives:
A2 — 8m88m10

8mo(8asio + 8asi1)

8m4 + 8m7 8m88m10 (42)
A=Alc xA2 = X
8o 8mo(8as10 + as11)

and

S Cn Can
8o(8asto + &asi1) (1 + ﬁ) (l + ;—'S> (1 + (gmm@im))
by (1+ b S+ by S?+ by S+ b S*)

8o(gas10 + &ast1) (1 + ci,_ls)

C/ 2
o (1+555)

Tin =~

Substituting (42) into (43) gives:
CanS
(1+5)
o 2 (44)
gm3(Ale x Az)(l +2;15)

where g, is defined in (14) and:

Zin =

Em8Em10
bg = gm3(gm4 + ng)( rmen )
8&m9
!
C
[
8mil

- Can1 Ciyy 8m9 (8as1o + &ast1)
gm3gm8gmlO(gm4 + ng)

b/3/ _ Canl CanCg, 8m9
gm3gm8gm10(gm4 + ng)

"o
Cdn1Can2Cyy, ngm9

(45)

b =
gmlgm3gm8gm10(gm4 + ng)

@ Springer

chy = Cin+ (1 + A1) (Coan + cgas) + (1 +A)cys

8m8
Cdnl = Cds5 + Cdas6 + Cgda + Cgas + Cgs8 + Cgas (1 + gi>

m9
Cdn2 = Cds10 T Cas11 + Cgd10 + Cga11 + Cgs3
(46)

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 z;, 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 z;, of the structure of Fig. 2(c)

is proposition to W which implies that the
A Kinverter

larger are the aspect ratios of M3, Mg and the inverters’
transistors, the smaller would be z;, of this structure, the
point that is followed in selection of related aspect ratios.
Moreover, some other factors are also affecting the value of
Z;» Which have been regarded in this design too.

4 Simulation results and discussion

HSPICE simulations are carried on using TSMC 0.18 um
CMOS technology utilizing single 1.5 V power supply. The
MOSFETsS aspect ratios are given in Table 1. I, is taken as
50 pA 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 z;, which can be compensated
by proper setting the related transistors aspect ratios yet
preserving the high frequency operation. For the same reason
(AC applications) z;, (instead of R;,) is examined at
Ipias = 50 pA applying an ac input current /;, (holding up
class A operation), giving the comparative results shown in
Fig. 7, proving very small value of 5.8 mQ at low frequen-
cies for the structure of Fig. 2(c). It is about 4 x 10° times
smaller than input impedance of simple current mirror in the
same conditions. Although it increases at higher frequencies
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Table 1 Transistors aspect ratio
MOSFET name Aspect ratio

Simple Figure 2(a) Figure 2(b) Figure 2(c)
M1 3.6 pnm/0.54 pm 3.6 um/0.54 pm 3.6 pnm/0.54 pm 3.6 um/0.54 um
M2 3.6 um/0.54 pm 3.6 um/0.54 pm 3.6 um/0.54 pm 3.6 um/0.54 pm
M3 NA 36 um/0.18 um 36 um/0.18 pm 36 um/0.18 pm
M4 NA 0.36 pm/0.18 pm 0.27 pm/0.18 pm 0.27 pm/0.18 pm
M5 NA 10.8 pm/0.18 pm 0.9 pm/0.54 pm 3.6 pnm/0.54 pm
M6 NA NA 45 pm/0.54 pm 23.13 um/0.54 pm
M7 NA NA 27 pm/0.18 pm 0.9 pm/0.18 pm
M8 NA NA NA 5.4 pm/0.54 pm
M9 NA NA NA 0.9 um/0.54 um
M10 NA NA NA 0.9 um/0.54 um
Mil1 NA NA NA 0.9 um/0.54 um

lout/lin

107

frequency (Hz)

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

(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 C,, ones) of related

transistors. It should be noted that beyond fr the performance
of both the simple current mirror and the proposed ones
degrades by fast reduction of A1 (1 = I,/I;,) makes of no
importance the attempts may be expected for frequency
improvement of z;, beyond f7. The transient response of the
proposed circuit (Fig. 2¢) is checked by applying a current
step by amplitude of 100 pA. 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 (z,,) of the proposed structures is measured
as407 kQat 50 pA (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 pA, becomes about zero at 55 pA and keeps
the same slope (of ~0.14% per 10 pA) up to 250 pA at

Fig. 7 High frequency input 3 '
impedance of the proposed

circuits compared to that of 10° k ol
simple current mirror

simple current mirror—___
o 1 — — ——— —

& X: 104.7
10° | ¥: 59.97 proposed Fig. 2(a)—
- —m * X 7.586e+007
- - 4 g - 85,38
§ T ¢ ;‘13_42'; proposed Fig .2(b) ,’
ﬁ 10 | .f E
(=% 4
£ r 4
= 10°k 4 3
2 Va
£ -
K4
10™ proposed Fig. 2(c) ?
,.’
e : 1.5850+005 P
107%E ¥: 0.005792 it - -~ -
- e
10k . L n L L
10° 10 10" 10"
Freq (Hz)
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Fig. 8 Transient response of
. g T p < 1 50 -
Fig. 2(c) (stability test) = ~
+= %
@ 100 =t
g H
o H
5 50+ H = |nput current
g : ===QOutput t
=] “l utput curren
(@] 0 -
1 1 1 1 1 1 1 1 I
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Fig. 9 The response of Fig. 2(c) to a sinusoidal input current
(stability test)

@
(=]

D
o
T

L

Output current (UA)
S =

0 L L ! ! L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Output Voltage (VOLTS)

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

N
T
1

Current error (%)
o

3L 1 1 L L
40 45 50 55 60

bias current (UA)

Fig. 11 Current transfer error

which reaches ~+10 pA. for a more precise study of the
overall behavior of the proposed current mirror its transfer
function (1,,,, versus I;,) is plotted in Fig. 12 compared with
that of the simple current mirror. The plot shows that both

@ Springer

057

0 02 04 0.6 0.8 1 12 14 16
Input current (mA)

Fig. 12 Transfer function of the proposed current mirror (1,,, vs. I;,)
compared with that of simple current mirror

@
2

PSRR (dB)
3

Y
=

(]
2

10 10° 10 10° 10°
Frequency (HERTZ)

Fig. 13 PSRR of Al1cA2; A1cA2/(AV,/AVpp)

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 “Vpp” variations the PSRR
of AlcA2 as is defined in [8], i.e. (A1cA2/(AV, /AVpp)), is
evaluated and shown in Fig. 13. In this definition “V,,” is the
output voltage of the second amplifier fed back to the gate of
M3 for which we have: V, = Vpi; = Vg3 = AlcA2 V,,.
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Table 2 Comparative results

Reference Simple [8]-Fig. 2(e) This work
Figure 2(a) Figure 2(b) Figure 2(c)
DC power (LW) 113 198 187 154 161
DC offset (nA) 0.01 NA 0.01 0.01 0.01
Input Impedance 2.27 kQ 27.7 Q 60 Q 36 Q ~6 mQ
g 2(gnrs) 1/(g,A1) 1/(gnAle) 1/(g,A2A1c)
Output impedance (k) 407 2300 407 407 407
To g,z,,rz Ty o 1)
BW (MHz) 2340 1280 1210 492 577
Vinmin 0.6 NA 0.9 0.9 0.7
Vas Visar Vas + Visar Vas + 2Vasar Ves + Visar
Current transfer error (%) —0.07 at 0.3 at —0.07 at —0.07 at —0.07 at ;.3 = 50 Ma,
Lpias = 50 pA  Ihius = 50 pA Lias = 50 A Lias = 50 pA min. Zero at 55 pA, max.
10 pA at 250 pA
Lias (LA) 50 50 50 50 50
PSRR (dB) - 49.48 - - 118
Supply voltage (V) 1.5 1 1.5 1.5 1.5
Vas + Vas Vsg + Vas + Vor " max(2Vgs, max(2Vgs, max(2Ves, Vas + 2Vyy)
Vas + 2Vay) Vas + 2Vay)
Minimum output voltage 0.2 V 04V 02V 02V 02V
Visar 2Vasar Visar Visar Visar
Technology 0.18 pm 0.18 pm 0.18 pm 0.18 pm 0.18 pm

Al, A2, and Alc are defined in relations (6), (42), and (39) of the current paper, respectively

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 “Vpp” variations on “Vg3” proving the high insensi-
tivity of feedback loop (as a whole) to “Vpp” 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 x 10° times). Current transfer error as
another most important parameter in current-mode pro-
cessing (and signal path application) reaches Zero at 55 pA
and remains below 0.6% up to 100 pA. Simulation results
in TSMC 0.18 pm 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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