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Abstract

Momentarily the analog electronics has made low voltage, low power circuit designs extremely adorable. As power isthe product
of supplied voltage and flowing current through the circuit so power id directly varies with supplied voltage .That means reducing
supply voltage is a direct way to achieve low power consumption. Low Voltage and low power current mirrors are essential
blocks of analog I1C design.
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1. INTRODUCTION transistor M1 and M2 significantly affects the aemy of
. o ) ] i generated output current. Perfect matching of mimgpM1
Current mirror acts a building block in analog uitcas it and M2 should be required for accurate mirrorirlg o

plays a huge role to decide overall characteristiCsirrent

. . C . signals.
mirror” the name itself signifies the copying ofoemt. ,
current mirror is a two terminal circuit in whichutput TV Va
current dependent on input current and independpoh Y L L..Y
the output voltage. These circuits are used to operf
current amplification in multiple of reference cemt,
biasing, loading and level shifting. I 1
M1 M 2
_<:ll + + !I:)-
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1:K ' Fig -2: Basic current mirror[4]

Fig -1: Symbol of current mirror
The output current obtained as

1(a):NMOS current mirrot,(b): PMOS current mirror 1 W Rs 5
loutr = - HnCox — [VM} = Vth]
Figure 1 shows the symbol of current mirror in Wharrow z L Ry+Ry
is used to designate the direction of current Ftowinput eqn(1) [1]
side. In NMOS current mirror the current flows framtput From the above equation we can observe that thpubut
node to input where as in PMOS the current flovweamfr current depends upon the supply voltage, temperaind
input node to outer one. 1:K shows the ratio ofent gain process with many more dependenciess i€ the overdrive
of current mirror. voltage which is a function of supply voltage,p/and
threshold voltage ). Design of current sources in analog
Generally current mirrors have nonzero input anutdi circuits is based on copying current from a refeechge.
output resistance but incase of ideal current msrréhey
have zero input and infinite output resistance Whinplies
input voltage varies with input current and output
independent of output voltage. L
Fig 2 shows the structure of basic current mirkere both .
M1 and M2 operates in saturation condition for aatmi copy circuit _l
current output. Current mirror requires a minimum 1
voltage(compliance voltage) at the output to ensiiae the = =
device operate in saturation. Drain source volw@afgmirror Fig -3: Conceptual meaning of copying current [2]
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Sometimes the external circuits require externglisicthent
to generate a stable reference currgnt | which is then
copied to many current sources. Fig 3 shows thneamutua
meanings of copying current froraeference sourc[1].

1.1 Low voltage simple current mirror

IR

Fig -4: Low voltage Current mirr(2]

Fig 4 shows the structure of Low voltage currentromi
Here M1 is usedhas a diode configuration and operate:
saturation mode.M1 and M2 both acts conventional
current mirrorM4 acts as a level shifter which operate:
sub threshold region by selecting the low bias entril,;ss
.M5 also acts as a level shifter which bias M3. &Bance:
the output impedance. In Low voltage current miméfset
current is one of the important factor and it gbis input
current.

W. Li Ipas
Iul’fsut =t 0 W Ibiasl EX})[ﬂVt/I]VT)

Ly W4 Ipos

The gates of M1 and M2 are not at reference pialeeten
if input current is zero. When, =0 a subtreshold curre
which is known as offsaturrent flow in M2

[ — W2 Ls Ibo:
offset — L
2

| FTPP
W2 Ipoa bias1

Egn 2 and 3 shows the values of offset currt This
depends upon the width height ratios of M2 and,W4in
currents of M2 and M4 along with the biasing cutl

L}
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Fig-4(a): ac analyéibf LVCM

Fig-4(c): Dc analys.}sw of LVCN
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Fig -4(d): Power calculatio

Fig 4(a) shows the ac analysis of low voltage airmirror
with applied input currenbf 3mA.From the AC analys
gain and phase is calculated shown by fig - Fig 4(c )
shows the DC analysis of LVC . From the dc analysis
power is calculated as 37.562mW shown in fig ¢

1.2 High Output Impedance Low voltage ssmple

current mirror

In the circuit theloop bias circuit is formed by transistc
M1 and M4. M2 and M4 forms the drain symmetry
current mirror. The steady state drain voltageMdf and
M3 are same. M2 and M4 shows the mirror conditiod
operates in saturation In the Fg 5 which shows the
schematic of high output low voltage current mirr@re car
see that output current results from transist&.\Wb is
disconnected out from the loop with no input suggblat the
drain of M2, the steady state drain voltage of Mt &12
are same MM]_: VD,MZZVD,M4
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v 1.3 Low voltage cascode current mirror
> - ol 1 This current mirror operates in low voltage openatiAll
. ‘ ' ‘ - the transistors here operates in saturation comditf Vy,=
i s & . I Ves2+ (VesrVrh1)= Vesa+ (Vesa— Vrrz) M1 ,M3 sustain
" L. - same drain voltage and M3 ,M4 consumes minin

headroom voltage-IG 6 shows the complete schematic
cascade low voltage current miri

L
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Fig -5: Schematic of high output impaudce lov voltage i
current mirror[2] T
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Fig -5(a): DC analysis of output impadce low voltag:
current mirror

T Fig -6(a): ac analysis of cascacLow voltage cascode
Current mirro
. — . : - C )
Fig -5(b): Power calculaton of output impance low
voltage current mirror
- 2l ' .
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Fig -6(b): Gain ana Phase calculat

ok j
Fig -5( ¢): Gain and Phase calculationaftput impedanc .

low voltage CM

Fig 5(a) shows the D@nalysis of high output impedce
low voltage current mirror with applied input cumteof
3mA. From the dc analysis power the calculated page
shown in fig 4(b). Fig 5(c ) shows the gain anchgd 8 : =
calculation obtained from AC analysis. Fig -6(c): Dc analysis of cascode LVC
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Fig -6(d): Power 6§Iculati.on

Fig 6(a) shows the ac analysis of low voltage cds
currentmirror with applied input current of 3mA.From t
AC analysis gain and phase is calculated showrigo§(b).
Fig 6(c ) showsthe DC analysis of low voltage casc:
current mirror. From the dc analysis power is calculal
shown in fig 6(d).

2. MODIFIED LOW VOLTAGE CURRENT
MIRROR

In this modified circuit the transistor M4 and MB&rgrate:

the bias current. As 3mo= Vesmi, SO same amount

current ( hias + lin )flows through both transisto Output

current generates from transistor M@sland ;, acts as an
input source. The amount of input current supptethput

node transmit through the circuit and same amour

current results at the output node.
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Fig-7(a): ac analysis of modifiétiVCM
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Fig -7(c): Dc analysis oLVCM
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Fig -7(d): Power calculatio

Fig 6(a) shows the ac analysis of low voltage airmirror
with applied input current of 3mA.From the AC ars$
gain and phase isalculated shown by fig 6(b). Fig 6(c
shows the DC analysis of LVCM . From the dc anal
power is calculated shown in fig 6(
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Fig -7(e): layout of proposed LVCM

Table-1: comparison of different current mirrors

Output | Dc Gain Phase
current | power | (db) (degree
(mw)
LVCM 39.6 37.56 | -102.2| 180
micro
amp
HOLV 25.91z 188.8 | -3.261| 410.01Y
amp
CASCODE | 14.8micr | 74.61 | -3.232| 411.017
LVCM oamp
MODIFIED | 24.3966 | 2.937 | -22.62| 44.305
LVCM amp

Table 1 shows a brief comparison of different entr
mirrors with all parameters. Here w can observe tha

modified LVCM is giving best result with output cant of

24.39amp. The dissipated power is also very love.h8o

from above designs modified LVCM is the best design
achieve low power operation with minimum supplytagke

of 0.8volt.

3. CONCLUSIONS

The purpose of this work is to improve the outpot to
reduce the power dissipation in current mirror agiag
with supply voltage 0.8volt. Extensive simulatiarddayout
is carried out to meet all the objectives. Modifi&miv
voltage current mirror circuit was selected to tipet desired
result.
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