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ABSTRACT

A proposed under-voltage lockout of compensatedpeature coefficient threshold voltage without
comparator is presented in this paper. The ciracliieves stability of threshold voltage withoutizithg
extra band gap reference voltage source and vottagrparator. In the temperature range of froniG4@
+125C, variation of only 30mV of the threshold voltagecars. The under-voltage lockout circuit is
designed and simulated with standard CMOS procébsfe@atured size of 0.6 m.
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1. INTRODUCTION that initially indicates that the power supply is

insufficient, such that power is prevented from

With the increasing popular demand of portableéeing supplied to the remainder of the integrated

electronic devices powered by battery, mangircuit. In this way, the anomalous behavior and

circuits such as LED driver, audio power amplifieccurrent consumption of connected circuits caused
and digital signal processing unit and so on afgy low-voltage condition is prevented [1] [2] [3].

sensitive to fluctuations in supply voltage.

Therefore, the steady power supply is particularl
important than ever before. More particularly, Wheéower _supply voltage 1o a threshold volta_gg to
determine whether the signal is of sufficient

the supply voltage drops below a mlrmﬁnummagnitude or not. Consequently, the UVLO circuit

specified operating voltage it will be destructive, st be capable of generating a threshold voltage

Some circuits in the system may either be damag . :
or may exhibit unpredictable operation. Th(;%t Is supply, temperature, and process indepénden

unpredictable operation may be especially criical and that can be us_ed as a reference v_alue to which

CE . . . the supply voltage is compared. In particular, band
circuits that include processing engines such as ;

. . .. _gap reference voltage generator is often constlucte
microprocessors, microcontrollers, and d|g|taf .

. 0 supply the stable and temperature independent
signal processors, for examples. As a result, d nee
f L yoltage reference as the threshold voltage [4] [5].
or power monitoring has become prevalent. The
under voltage lockout (UVLO) circuit provides In this work, a proposed under-voltage lockout of
important detection of under voltage conditions imompensated temperature coefficient threshold
the power supply thus preventing malfunctionsvoltage is presented. Without the comparator and
UVLO circuits are commonly employed to monitorband gap voltage reference, the complexity and
a power supply and to provide a signal representiqgwer of circuit decrease dramatically. This paper
the quality of the power supply. Initial applicatio consists of five sections. After the introductioh o
of power to an integrated circuit therefore beginthe background and necessity of UVLO, we

with the UVLO circuit generating an output signaladvance the basic principles and characteristics of

Typical UVLO circuits rely on comparison of the

s
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UVLO by reviewing the traditional structures in
section 2. Then, the concept and realization fer th In [5], a UVLO cell for monitoring the battery
proposed UVLO circuit are discussed in section 3ioltage and change its modes of operation
The simulation and discussion are presented actcordingly is fabricated with standard CMOS
Section 4. Finally, Section 5 gives the conclusioprocess. The circuit takes the advantages of low
for the whole work. cost and low power consumption. However, the
threshold voltage depends on the temperature
2. TRADITIONAL UVLO STRUCTURES heavily for the nature of the CMOS devices. Zhao
Fanglan presented an UVLO circuit with zero

The UVLO is not a new device, and Var'oust?mperature coefficient threshold based on the band

T e e Pl ap merted by Brokam, and the schemte
9 ge, 9 jagram is illustrated in Figure 3. The hysteresis

used as the reference voltage to monitor the POWEL ~acteristic is realized by adjusting sampling
supply. However, for the voltage through a zene

diode is more or less 6-7V, this kind 01‘IreSIStor string ratio [6].
implementation is only suitable for applications of

high power and high voltage systems [3]. With th T Vi
development trend of lower voltage operation fo
the lower power consumption, this structure is n
as popular as it before. Furthermore, the zener %RS
diode is not compatible with the modern standard
CMOS process and increases the cost of realizatign.
Therefore the method is not attractive for
monolithic implementations.

L®
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+\ Figure3 UVLO circuitin[6]
_[7— >_° Another UVLO with temperature insensitivity
Vv, 7 uvo threshold voltage is proposed in the literature [7]
- The band gap reference voltage generator and
comparator are compounded to form the circuit.

Under the normal condition, the comparator acts as
an operational amplifier to equalize the voltages.
When the power supply decreases, the comparator
can be used to realize under-voltage lockout

P. Hong etc. designed a traditional UVLO circuitProtection.
with comparator an_d reference voltage generatos. TRADITIONAL UVLO STRUCTURES
The circuit is relatively complex and consumes
relatively high power. Moreover, the threshold
voltage is sensitive to temperature [4].

L
Fiéure 1 UVLO topology with zener diode[3]

In the design presented in this paper, the diode-
connected NPN transistor,@nd resistor Rare
used to detect the power supply voltage-N¥ and
Ms-M, are current mirrors whose values determine
the Vyyio. The size ratio of Q @ and Qare 1, 1
and 8, respectively.

The W0 is determined by the drain current
difference of M and M. That's to say, the current
difference between £and Q determines the output
voltage level. The reference current relative to
power supply voltage can be derived like Eq. (1).

Figure2 UVLO circuit in [4]
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V.. -V As we know, the temperature coefficient of V
I — DD BE1 . .
0 _—R (1) is almost 0.085mV, and that of e is about -
1

2mV/°C. The ratio between Rand R will balance

the temperature coefficient to be close to zero.
Although there are some™rder nonlinearities
affecting the compensation result, the performance
is good enough for almost all the applications. ©nc
Vpp increases over the threshold, the output signal

will change.
4. SIMULATION RESULTSAND
DISCUSSION

The circuit is designed with standard jh6
CMOS process and simulated with the Specter tool.
With the increase of monitored voltage, the output
= will turn around over the threshold. The curves in
Figure4 UVLO circuit presented in this work Figure5 and Figure 6 illustrate the threshold \gdta
vs. power supply and threshold voltage vs.
temperature, respectively. The threshold voltage of
L;e design is about 3.7V, and the variation of only

The current mirror @Q, makes the current
through Q is the same as Eq. (1). The curren
through Q can be achieved based on the band g4
reference voltage generator as Eq. (2).

OmV is achieved in the temperature range of from
0C to +125C. The temperature compensation is
realized according to the curves in Figure 6.

4.0

3.5

| =Veer Ve - Vo Lt 5 Ve g )
2 R, R, 1A R, Z:

As the power supply voltage is very low, the ™
whole circuit turns off. When the power supply
increases further, Qwill conduct the current
leading to Q turns on, but @keeps off state just
for the R. Under the condition like this, Murns

off, and M; can conduct a little current, so the o e 20 W 41 B
Vyvio Will be low. Assuming the ratios of all the Figure5 Threshold voltage vs. power supply
current mirrors are the same, the output signdl wil

be as follows. e

When b=l>l,, i.e. be>lps, and My will be
pushed into linear operation region. As a resh#, t
output will be low level.

s
When b=l,, the threshold voltage is achieved ~1s
with Eqg. (1) and Eq. (2). 1.0
R 5'
VDD,TH :R_lVTln8 +VBE 0

2 (3) ) 3.60 3.(:5 3.7‘0 3.73l 3.80

The Voo is the threshold of power supply Figure6 Threshold voltage vs temperature

voltage, and the temperature characteristic of that
can be calculated as, 5. SUMMARY

aV, R oV; , oV
— 0 - _L|pg—L+_EE This paper presents a proposed under-voltage
oT R, oT oT 4) lockout of compensated temperature coefficient
threshold voltage without comparator. The UVLO

s
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circuit is designed and simulated with standard
0.6um CMOS process. The circuit achieves
stability of threshold voltage without utilizing &
bandgap reference  voltage source and
comparator The simulation results show that the
variation of only 30mV of the threshold voltage
occurs in the temperature range of from ‘€4Qo
+125°C, and the temperature compensation is
achieved.
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