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Abstract-This paper presents a study and comparison between
CMOS low power voltage reference in terms of voltage
independent over the temperature .The reference voltage
circuits are designed & simulated in SPICE with 0.35-pm
technology with supply voltage (VDD) of 25 V & 18 V
respectively. The simulated results show that the circuits
generate an average reference voltage of 246.66 mV & 817.0
mV respectively and there is only small variation of +2 mV &
+0.2 mV from the temperature range of -40 °C to 120 °C. The
circuits consume approximately 10.49 pyW & 69.8 pW of power
dissipation from a supply voltage of 25 V & 18- V
respectively.

I. INTRODUCTION

Low voltage and low power are two important design
criteria in both the analog and digital systems. It is expected
that the whole system will be able to operate down to a
single 1 V supply in the near future [1], [2]. A voltage
reference, as one of the core functional blocks in both
analog and digital systems should be able to operate from a
single 1 V supply for both systems. The voltage reference
circuit is an essential element in the design of biasing
schemes for analog or mixed-signal circuits, such as high
precise analog to digital converters, digital to analog
converters in DRAM’s, flash memories, and analog devices
etc. The main purpose of the voltage reference is to provide
a voltage or current that is insensitive to supply voltage,
temperature and process variations. Most of common
voltage reference is the band gap reference (BGR) voltage
based on bipolar devices [3]. DC values can produce
undesirable effects such as bit errors in analog-to digital
converters, non-linearity in RF mixers and low-noise
amplifiers (LNA) [4]. Circuit design techniques have been
developed to provide nearly zero or small DC variations with
respect to each of three error generating parameters:
temperature, process and supply. By using MOS devices in
weak inversion, the constant bias current can be reduced to a
few hundred nano-amperes, thus achieving very low
quiescent power dissipation [5].

689

A study is given by the Allam and Filanovsky regarding
about the MOSFET temperature behavior, the gate—source
voltage of a MOSFET after biasing with a fixed drain
current decreases with temperature [6]. Due to this condition
a gate-source voltage can be used to design a voltage
reference independent of temperature.

Here, in this paper the work reported by the G. Giustolisi, G.

Palumbo et al. [7] & Shihabudheen T, V. Suresh Babu et al.
[8] is extended.

Il. CIRCUIT DESCRIPTION

A. The Voltage Reference with current bias:

Fig. 1 shows the voltage reference [7] circuit-l topology. It
consists of two main sub-circuits. The first such circuit is
composed of four MOSFET transistors My, Myz, Mpz, Mpy,
bias current (lg), capacitor C; and the resistor R;. The
second such circuit is composed of transistors Mps to Mpg &
Mpg to Myig, capacitor C, and three resistors Ry, Rs, Ry
respectively.
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Fig. 1 Schematic of a Voltage Reference with Current Bias
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The current I, that flows in the resistor R; of the voltage
reference circuit gives the Ve as the sum of proportional to
absolute temperature (PTAT) component and gate to source
voltage (Vgs) component. The voltage reference circuit
shown in the fig. 1 is consists of two capacitors C; & C,
which are used for stability of the circuit and for the proper
compensation. In the circuit, capacitor C is used for the any
capacitive load. When the gate to source voltage of a MOS
transistor is reduced below the threshold voltage due to the
strong inversion characteristics, so channel current
decreases exponentially.

The current-voltage characteristics of a MOSFET in a
subthreshold region under the condition Vps>4U+ is given
by the equation

Ip = Slpo exp( )e p( VT) 1)

Wherelp, is a process-dependent characteristic current
which can be considered as known for a given technology
and Vg and Vs are the gate and the source voltage with
respect to the bulk.

The current Iz, flowing in the resistor R, of the voltage
reference circuit is given as

[y =—— @)

Current Igy is mirrored through transistors Mps and Mpg, due
to the transistors dimension ratios.

Spspe]
IDPS[P6]= <S—P4) Iy, 3)

The voltage Vgs is produced by resistor R; due to feedback
across transistors Myioand My, provided by Mygand Mpg,

Vs =

SPSRZ NllsPS
) &

SpaR; Sp7Spe

The reference voltage Vges is given as the sum of voltage

drop through resistor Rzand Ry.

v S
Veer = Ralra + Vas = Ry (22 = 2211, ) + Vi

()

After putting the given values the reference voltage Vres

becomes
Vier = aVgs1 + BUr (6)

Here, the values of @ and g is given by
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Where Iy is drain current, Uy = KT/q is thermal voltage &
Sn, Sp are the transistor aspect ratio of P & N-type
MOSFET’s.

B. The Bias Current Circuit:

The Bias current generator shown in fig. 2 is generating a
bias current 1z for the voltage reference which is
independent of temperature. The bias current Ig is generated
by the transistor My.
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Fig. 2 Schematic of Bias Current

C. The Voltage Reference with error amplifier:

Fig.3 shows the voltage reference [8] circuit-1I with error
amplifier composed of op-amp, MOSFET’s and the
resistors.

wr \iﬁ
. .
=] q

VRt

:fl:

Fig. 3 Schematic of Voltage Reference with Error Amplifier
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The PMOS transistors Mp1o, Mp1; and Mpy, are operating in
the strong inversion saturation mode. The transistors aspect
ratio of Mp1g, Mpy; and Mpq, are same and both the resistors
R;and R, are equal. Gate of transistors Mpyg, Mp1; and Mpg;
are connected to a common node forming a current mirror
which produce the current I I, and |5 of equal value. Also
the aspect ratio of transistors Mp;, Mp,, Mp3 Mp,4 are same.
The output reference voltage is generating through the load
resistance R.

Due to the operation of the MOSFETSs My13 and My, in the

sub threshold region, currents through the resistors R; and
R, decrease as the temperature increases. Transistors Mp; to
Mp, and Mys to Mys make the op-amp. The op-amp acts as
an error amplifier producing a proportional to absolute
temperature (PTAT) current through the resistor Rs.The
current flowing through transistors Mpyg, Mp11 is sum of two
currents i.e. one is proportional to Vgs and other is
proportional to thermal voltage V1. So, such current
generated is temperature independent current, which will
flow through the transistor Mpy, due to current mirroring.
Hence output reference voltage across the load resistor Ry is
independent of supply voltage (Vpp) and temperature
variation.

The reference voltage thus produced is given by the
equation

R, R,
VRet = R, (Vc.s1 + _AVGS)
2

R ©

Il RESULTS AND DISCUSSION

The low power CMOS voltage reference with bias current
circuit and voltage reference with error amplifier have been
simulated in SPICE with 0.35-pm technology with supply
voltage (VDD) of 2.5 V and 1.8 V respectively. Table
1.shows the comparison of result of process, minimum
power supply voltage, reference voltage and power
dissipation of these voltage reference circuits. Tablel.
shows that power dissipation of low voltage CMOS voltage
reference is less as compared to other circuit. Fig. 4 to fig. 9
shows the reference voltage vs. temperature, supply voltage
& time relationship for voltage reference with current bias
and voltage reference with error amplifier. Fig. 4 and fig. 7
show that there is small variation of reference voltage over
the temperature range of-40 °C to 120 °C. Here fig. 6 shows
that reference voltage is constant with time for the voltage
reference with current bias and fig. 9 shows that reference
voltage is approximately constant with time for the voltage
reference with error amplifier.
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Fig. 4 Reference Voltage vs. Temperature of VVoltage Reference with
Current Bias
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Fig. 5 Reference Voltage vs. Supply Voltage of VVoltage Reference with
Current Bias

LM | RO

H55M

T T T
o 0% 30 00K 0
Time (s)

Fig. 6 Reference Voltage vs. Time of Voltage Reference with Current Bias
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Fig. 7 Reference Voltage vs. Temperature of VVoltage Reference with Error
Amplifier
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Fig. 8 Reference Voltage vs. Supply Voltage of Voltage Reference with
Error Amplifier
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Fig. 9 Reference Voltage vs. Time of Voltage Reference with Error
Amplifier
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TABLE 1. COMPARISION BETWEEN VOLTAGE REFERENCES

Minimum Reference Power Process
Supply Voltage Dissipation Technology
Voltage
(mV) (HwW) (Hm)
V)
[7] 15 246.66 10.49 0.35
[8] 1.2 817.37 69.8 0.35

V. CONCLUSION

The low power CMOS voltage reference with bias current
circuit and voltage reference with error amplifier have been
simulated in SPICE with 0.35-um technology with supply
voltage (VDD) of 25 V and 1.8 V respectively. The
simulated results show that the circuits generate a reference
voltage of 246.66 mV & 816.20 mV respectively and there
is only small variation of £0.1 mV & #0.2 mV from the
temperature range of -40 °C to 120 °C. The circuits
consume approximately 10.49 uW & 69.8 uyW of power
dissipation from a supply voltage of 25 V & 18 V
respectively. The total variation in the reference voltage is
2.27% over the temperature range of -40 to 100 °C for the
voltage reference with current bias and 0.25% over the
temperature range of -40 to 100 °C for the voltage reference
with error amplifier.
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