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A new technique to extend the integration voltage of the relaxation osciltator is
described. The technique is based on using N integrators rather than a single
integrator in the oscillator. This results in the extension of the integration
voltage of the integrators from rail-to-rail instead of restricting it to the Sclrm¡tt
trigger hysteresis width. Experimental results of a new variant of the Schmitt
oscillator, that operates at 52Hz using 5V supply voltage, are presented.

1 Introduction
Oscillators a¡e basic building blocks in a wide range of applications, rvherher these applications
are analog or digital. Thel' can be classified in a number of rva¡rs. For example, thev can be
classified according to high, medium and low frequdncy of operation, or according to the output
waveform type (square-rvave sine-q'ave, etc.) The type of oscillator rvìrich rvill be cliscussed here
is the low frequency, square wave relaxation oscillator. This oscillator consists of tu'o srvitched
current sources, a capacitive load and a dual voltage reference comparator. The combination of
bhe switched current sources and the capacitive load fo¡ms an integrator. As the rìual reference
comparator in the design of the relaxation oscillator can be replaced b¡, a Schmitt trigger circuit.
some people refer to oscillators using Schmitt trigger ci¡cuits as "schmitt-Oscìllators." -{ simpli-
fied schematic diagram of the Schmitt-oscillator is shown in Figure 1. An extra inverter is usecl
at the Schmitt trigger output in order to obtain the right phase at the input terminaìs of the
switched current sources.

Schmitt-oscillators are commonlv used in CìVIOS technology because: (i) they are ve¡v rvell
suited for integration; (ii) they have a simple stmcture and (iii) the frequencv of oscilÌation can
be adjusted and tuned using an elect¡ical signal. As most portable applications have a limitecl
energy source) much attention has been directed to designing low power circuits and low voltage
oscillators. This is especially so, in the case of oscillators, as they are basic builcling blocks in
most analog and digital systems.

In this paper the authors present a new design technique for designing very low frequencv
Schmitt-oscillators. As the new technique will be employed in the design of Schmitt-oscill¿tc¡rs,
a brief analysis of the Schmitt-oscillator rvill be presented in Section 2. Basecl on the presented
analysis, the new design technique and its application in the design of a new va¡iant of the
Schmitt-Oscillator is discussed in Section 3. Secbion 4 presenbs experimental measurements for
the nerv variant of the Schmitt-Oscillator.

2 Schmitt-Oscillators
The principle of operation of the Schmitt-Oscillator, shown in Figure l, can be describecl as
follows. Assuming a zero charge ac¡oss C¿ , the voltage at the input of the Schmitt trigger circuir,
I/¿, is low, hence the output of the Schmitt trigger is high, forcing,S"¡, to switch ,,ON', and
S¿i""¿ to switch "OFF." So. C¿ starts to charge linearly using current 1"¡. Once theVc reaches
the Schmitt trigger V'¡7¿, which is the input voltage at which the output of the Schmitt trigger
switches from high to lorv, the output of the Schmitt trigger switches verv rapidly from high to
low, cornplimenting the states of ,9c¡ and ,9¿,""¿. Now, C¿ starts to discharge using -I¿;""¡. Once
the volbage across C¿ reaches the Schmitt trigger V¡¡1 , which is the input voltage at which the
Schmitt trigger output switches from low to high, the output of the Schmitt trigger changes its
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state. Then, the cycle continues with an initial voltage across C¿ equal to Vnn. The oscillation
frequency, /,, of this oscillator can written as

; 
: ctvnw (*. ñ)

Where ynrrl represents the hysteresis width of the Schmitt trigger circuit which is defined as

Vn t - Vru . To obbain a fully symmetrical square waveform from the oscillator the charging and
discharging currents should be equal. ie. I.n - Idisch:16. So, the above equation can be written

- 1 Ir+ -_ro- T.- 2C¡.v¡tw
(1)
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Figure 1: A schematic diagram of the conventional integrator osciilator

The highest frequency that the Schrnitt-oscillator can deliver is obtained by maximising the
ratio of 16 to CtVnw. It has been reported that an oscillation frequency in the range of 1 GHz
is achieved [1, 2] using this type of oscillator. Even though the challenge in most applications is
in the design of high frequency oscillators, there is another challenge, namely the design of very
low frequency oscillators. The low frequency limit is bounded by the smallest controlled current
that can be generated on chip and the largest practical capacitor size that can be integrated on
chip- For example, if the hysteresis rvidth of the Schmitt trigger is 5/3 Volts, the smallest control
current that can be generated is 1 nA and the largest practical capacitor size is set to 10 pF, using
Equation 1, the lowest obtainable oscillation frequency is 30 Hz. To obtain a lower frequency value
either the current limit or capacitor size has to be stretched. An alternative solution is to use a
digital frequency divider circuit. However, the use of a digital divider is costly in terms of silicon
area as the average number of transistors in such circuits is around 20-24 transistors [3]. The
solution proposed in this paper is to extend the integration voltage of the integrator to be from
rail-to-rail. This technique is discussed in details in the following section.

3 Extended Mode Schmitt-Oscillator
The new technique will be described through the design of a new variant of the Schmitt-Oscillator.
The new oscillator is called "Extend lvlode Schmitt OscilÌator" and will be ¡eferred to as EMSO.
The EMSO has an oscillation period larger than the conventional Schmitt-oscillator, when using
the same bias current and an equivalent capacitor size. This is achieved through using N inte-
grators instead of one to extend the integration voltage from rail-to-raiJ rather than restricting
it to the Schmitt trigger hysteresis width of the Schmitt trigger circuit, as will be shown in the
following analysis.

The oscillation frequency of the new oscillator, shown in Figure 2, as a result of using N
integrators can be found using the resultant integration times,7o., during the charge, T.¡, ar'd
discharge, Td.i".Ì,, phases. Firstly, during the charging period, T.n, Ct to C¡¡ will be charging
to V¿¿ using a constant current source, 1"¿. However, C;+r will start charging when the voltage
across C; reaches the Schmitt trigger V¡1 voltage. So, the charging times 7"¿ as function of the
capacitor values can be written as

(2)t
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Figure 2: A schematic diagram of the extended mode integrator oscillator (EMSO)

Secondly, using the same procedures the discharge time can be written as

t/.. l; N
vdd _ yr 

\_ad.isch: ---r, 
k

So, using Equations 2 and 3, To" can be written as

C¡

r

(3)

2Vnw I V¿¿
t oe It l2va w

(4)

To shorv the increase in the oscillation period as a result of using the extended mode technique,
Equation 4 can rewritten in terms of Equation 1, with assump,ion that the !^ ', Cr equals C¿
in the common Schmitt-oscillator, as

To. ^"lh*il

C¿.;]

(5)

Equation 5 shows that the oscillation period of the EMSO will always be larger than the oscilla-
tion period of the conventional Schmitt-oscillator. For example, if the same values of 16 ànd V¡1yt
in the example discussed in Section 2witlr' Cr is set to 10 pF are used in calculating the oscillation
frequency of EMSO, the resultant oscillation frequency will be 15 Hz. So the oscillation frequency
is half that obtained using the conventional Schmitt-oscillator. This difference in frequency can
be translated in terms of a¡ea reduction of the capacitor size needed, ie. only a 5 pF capacitor is
needed to obtain a 30 Hz oscillation. The true saving as a result in using this technique is less
than 50% due to the ove¡head of using another Schmitt trigger and switched current sources. So,
the optimum number of integrators that are needed to still extend the integration voltage of the
integrators from rail-to-rail is two. In general the saving is well above 25%o and depends on the
supply voltage and the hysteresis width of the Schmitt trigger circuit.

Commonly used Schmitt trigger circuits do consume a large amount of current from the power
supply [4, 5, 6]. By using the very low power Schmitt trigger circuit designed by the authors in a
previous publication [7], the overall pov¡er can be reduced dramatically as the maximum switching
current of this Schmitt trigger circuit is less than 1 ¡rA at 5 Volts supply.

4 Experimental Results
For reasons related to the targeted application, which is a radio frequency identification system,
there is an interest in the linea¡ triangular waveforms across the capacitors, in addition to the
square output of the EMSO. However, the needed number of linear triangular waveforms is five.
So, instead of using the optimal number integrators in the design of the oscillator another 3

integrators were used. The load capacitance for every integrator was chosen to be 0.8 pF, resulting
in a total capacitance of 4 pF. This circuit was fabricated in the Orbit 2 ¡,rm double poly, double
metal standa¡d n-well CMOS technology through MOSIS. For the oscillator design, I¿¡ àr'd I¿¡""¡
were set to be equal to obtain a square wave output. The size of the fabricated oscillator is 0.048
mm2 excluding the reference bias circuit.

A special startup mechanism was incorporated in the oscillator to guarantee the oscillator
sta¡ts and to synchronise the initial charge across all the capacitors. This startup circuit is simply
an nMOS transistor across every capacitor with the gates of all the nMOS transistors tied together
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and controlled externally. For a fully integrated oscillator, an astable multivibrator can be used
to generate a high pulse for a small period of time to initialise the voltage across the capacitor.
This approach was not adopted in the test oscillator as the interest is to test the functionality
of the oscillator. The bias current for the oscillator was generated using the bandgap reference
current-voltage presented in [8]. The bias current of 3.65 nA was measured using a Keithly 236
source-measure unit.

The measured output waveform at 3 Volts supply is shown in Figure 3. Furthermore, the
measured oscillation frequency as function of the supply voltage is shown in Figure 4. As can be
seen from the figure, the oscillation frequency is inversely proportional to the supply voltage. This
inverse relation is due to the following factors. Firstly, it is due to the ne'rv oscillator structure,
resulting in an oscillation frequency that is function of the supply voltage (as can be seen from the
analytical expression for the oscillation frequency given in Equation 4.) Secondly, it is due to the
increase in the hysteresis rvidth of the Schmitt trigger circuit as function of the supply voltage.
Combining these factors with the fairly constant bias due to the use of the bandgap reference
voltage circuit in the generation of the bias current explains the inverse relation shown in the
figure.
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Figure 3: The measured oscillation frequency of the ENISO which uses five integrators at 3 Volts
supply voltage.
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Figure 4: The measured oscillation frequency of the EIvISO as function of the supply voltage
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5 Conclusion
In conclusion' a new design variant of the Schmitt-oscillator rvas discussed. This technique extends
the integration voltage of the Schmitt-oscillator from rai-to-rail. uJ"g tlri, approach iris p.ossible
to design a Schmitt-oscillator that has an oscillation frequency to*". itru' the one achieved using
the conventional Schmitt-oscillator when using the same bias and ca acitor size reduced by 30-
50%. This factor depends on the ratio of the hy
supply voltage as dictated by the presented an
circuit design by the authors in a previous publ
overall power dissipation ofthe oscillator as the S
component in the oscillator design. Experime
analysis and indicate that, in addition to the square rvave output of the circuit, the very linear
truncated triangular waveform that extends from rail-to-rail at some of the oscillator inte¡nal
nodes can be useful for some applications as was demonstrated for the targeted application.
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