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ABSTRACT

This paper presents the concept of ring oscillator design using CMOS thyristor techniques. They generate
extremely low frequency signals. They are implemented in 180nm technology with 1.8 volt (or) 2.5 volt power
supply and 0.8pF load capacitance. Conventional CMOS ring oscillator generates the frequency of the order of
MHz. In order to generate low frequency signals CMOS thyristor technique is introduced. It generates the
frequency of the order of Hz To further reduce the freguency of the output waveform CMOS thyristor with current
mirrors are introduced. They generate the frequency of the order of few Hz hence these are the proposed circuits.
The power consumption of these proposed circuits are less when compared to the conventional CMOS ring
oscillator.
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INTRODUCTION

Extremely low frequency signals have various aggioms. For example, the use of extremely low fesgy
signals having the frequency of the order of O 6DKz is widely used in Navy as radio band and radio
communication. In power grids 60Hz or 50Hz are usedjyenerate for alternating current. The convewatio
CMOS ring oscillator generates the frequency ofdfder of MHz. To generate low frequency signalshef order

of hundreds of Hz using conventional CMOS ring b&tr not only increases the number of inverteus dso
increases the static power dissipation of the #iréo order to generate low frequency signals CM@istor
technique is used. It generates the low frequergyats having the frequency of the order of hundretiHz as
well as it reduces the static power dissipatiorthaf overall circuitry. In this paper few circuitsing CMOS
thyristor with current mirror are proposed to aeki¢he objective, which generate the output wawefbaving the
frequency of the order of Hz. It consumes lessayempower than the conventional CMOS ring oscitlato

Firstly the design of conventional CMOS ring ostitir and operation of CMOS thyristor technologdiscussed.
In next part the information of CMOS thyristor bdseurrent mirrors and proposed circuits is preseniehe
proposed circuits are CMOS thyristor with cascodeent mirror and CMOS thyristor with triple caseocurrent
mirror. They generate the frequency of the orddeaf Hz.

CONVENTIONAL CMOSRING OSCILLATOR

Conventional CMOS ring oscillator is implemented dgnnecting odd number of CMOS inverters in a dose
loop. In Figure 1, the conventional CMOS ring dstdr is designed by connecting 3 numbers of CM@&iiters.
Each CMOS inverter has one PMOS and one NMOS [1f-B]gic ‘1’ is given as an input to the invertiéren logic
‘0’ is the output of the inverter and vice-versa. drder to get sustained oscillations in the loBprkhausen
Criterion should be satisfied. According to Barkbawi criterion, the loop gain is equal to unity.

To get sustained oscillations in the loop, odd neinds inverters is connected in the loop. This nsedme output of
last inverter stage is connected to the input ef finst inverter stage. The conventional CMOS rosgillator
generates the frequency of the order of MHz.

The frequency of the output waveform is given by Gu=1/( 2.N.Tp)
Where N — The odd number of CMOS inverters.
Tr — The average propagation delay from high to lad from low to high transition of each CMOS inverséage.
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Fig. 1Conventional CM OS Ring Oscillator Fig. 2CMOS Thyristor Circuit

To generate low frequency signals of the order widreds of Hz using conventional CMOS ring osalfatot
only increases the number of inverters but alsaemses the static power dissipation of the circlile
conventional CMOS ring oscillator is implemented Tanner EDA Tools then the frequency of the output
waveform is 16.89MHz. Keeping (W/L) ratios constaatound 600 CMOS inverters are required to geadtst
frequency of the order of KHz hence the chip arethe circuit is increased and the static powesigegtion of the
circuit is also increased. In order to generate fmguency signals, CMOS thyristor technique isduse design
ring oscillator. It generates the frequency of thider of Hz and improves the static power dissgraf the
circuit.

CONVENTIONAL CMOSTHYRISTOR TECHNIQUE

To solve the above problem, CMOS thyristor basedrier is introduced. It is less sensitive to vpdtavariation and
it mainly operates on leakage currents. It acta aelay element. The operation of the CMOS thyristrzuit is
explained with the help of figure shown in fig. 2.

It has two triggering modes Ntrig and Ptrig. Noreuat is passed through the CMOS thyristor unid iriggered. If
Ptrig is precharged to p$ and Ntrig is predischarged to ground then the CM®Bistor is turned OFF. The
thyristor is triggered with the voltage of eithetri@ or Ntrig. Without loss of generality, Ptrig taken as the
triggering mode. When Ptrig is discharged down ¢ ¥ V4, M1 conducts at most the subthreshold currents Thi
feature provides negligible power consumption beforn ON of the thyristor. Once M1 is turned ONI kharges
Ntrig and M2 discharges Ptrig in turn. The positigedback mechanism in this turn ON operation mhesia quick
flipping of the state and reduces the dynamic pogrsumption. This CMOS thyristor is operated wattow
supply voltage down to 1.5\6ince there is no stacked structures which requoee voltage margin. This gives the
low voltage operation of the delay element [4].

The basic structure for ring oscillator using CMtristor is shown in figure 3. It has two numbefsnputs R and
R_bar. It also has two complementary outputs Q @nHar. These inputs and outputs are connectedsitadad
form as shown in figure 4 then ring oscillator @sl@MOS thyristor technique can be realized [5]. Ml M2 are
CMOS thyristor circuit elements. M3 and M4 are cected to CMOS thyristor circuit. Initially, Q isgrharged to
Vpp (logic 1) and Q_bar is predischarged to groundi¢l®) then the CMOS thyristor is in OFF state. fEhare two
cases. One is, R and R_bar are logic 0 and logésgectively. In this case M3 and M4 are turned ®IR.brings Q
to strong 1 and M4 brings Q_bar to strong 0 evdeakage currents occur in CMOS thyristor circlgineents M1,
M2. So CMOS thyristor remains in OFF state. Hencan@ the Q_bar values do not change i.e. logicdliagic O
respectively. In the second case, R and R_barogjie L and logic O respectively. In this case, Mgl M4 are
turned OFF. Owing to leakage currents, CMOS thgrigircuit is turned ON. The values of Q and Q bes
changed as logic 0 and logic 1 respectively. TheO@Mhyristor element is implemented in Tanner EDo®IE. The
frequency of the output waveform is 53.64Hz.

To further reduce the frequency of output wavefo@MOS thyristor with footer transistor is introdacand is
shown in figure 5. It has footer transistor. Thioter transistor acts as an active load hence hhegimg and
discharging time of the load capacitor increasess ttowering the frequency of output waveform. Itshsvo
numbers of inputs R and R_bar and two numbers tfutsl Q and Q_bar. By connecting inputs and outputs
cascaded form as shown in figure 4, ring oscillateing CMOS thyristor with footer transistor teaum can be
realized [5].

M1 and M2 are CMOS thyristor circuit elements ané M the footer transistor. CMOS thyristor with feo
transistor generates large time delay when comptrgarevious circuits hence low frequency is oladinThe
operation of the CMOS thyristor circuit is samedéscussed earlier. The CMOS thyristor with footansistor is
implemented in Tanner EDA Tools. The frequencyhef dutput waveform is 53.50Hz.
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Fig. 5 CMOS Thyristor with footer T;ansistor for-Ring Oscillator Design
CMOSTHYRISTOR WITH CURRENT MIRRORS

Ring oscillator is designed by using CMOS thyrideehnique along with current mirror. The CMOS thtgr with
single current mirror is shown in figure 6, whichshtwo complementary outputs i.e. Q and Q_bara#t two
numbers of inputs i.e. R and R_bar. By connectinigputs and inputs in cascaded form as shown irrdigl ring
oscillator using CMOS thyristor with single currenirror technique can be realized [6].

CMOS thyristor with single current mirror has ongrent mirror pair M3-M5. This current mirror a@s an active
load and it controls the current through the CM@$ristor transistors M1-M2. That means, very lesskbhge
current flows through the CMOS thyristor transistM1-M2. The CMOS current mirror allows less cutremthe
transistor M7 hence the charging and dischargimg f load capacitor at M7 transistor increases thwering the
frequency of output waveform. The operation of @OS thyristor circuit is same as discussed eaflibe CMOS
thyristor with single current mirror is implementedTanner EDA Tools then the frequency of the attpaveform
is 37.16Hz.

To further reduce the frequency of the output waxaf one more current mirror pair M4-M6 is addedthe
CMOS thyristor with single current mirror then tlgiscuit is called CMOS thyristor with double cuntemirror. It is
shown in figure 7. It has two numbers of inputsri®l &_bar. It also has two numbers of outputs Q@nbar. By
connecting inputs and outputs in cascaded formhass in figure 4, ring oscillator using CMOS thyads with
double current mirror technique can be realized [6]

Current mirror pair M4-M6 acts as an active loadohHurther reduces the current through the traosigl8 hence
charging and discharging time of load capacitoM8t transistor increases thus lowering the frequesicgutput

waveform. In both of the single and double curnaitrors with CMQOS thyristor structures, the ratibroirrored

current to the reference current is kept at 1:1e ©peration of the CMOS thyristor circuit operatisnsame as
discussed earlier. The CMOS thyristor with doullerent mirror is implemented in Tanner EDA Toolgnhthe
frequency of the output waveform is 8.51Hz.

To further reduce the frequency of the output wasaf CMOS thyristor with cascode current mirror &IOS

thyristor with triple cascode current mirror arentroduced. These circuits are proposed circuitsalise they
generate the frequency of the order of below 2Hre TMOS thyristor with cascode current mirror i®wh in
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figure 8. It has two numbers of inputs R and R_laalso has two complementary outputs Q and Q_Bar.
connecting inputs and outputs in cascaded formhasvis in figure 4, ring oscillator using CMOS thyas with

cascode current mirror technique can be realizedc@le current mirror has large output impedanae imple
current mirror hence it allows less leakage curtehe CMOS thyristor transistors M1-M2.

Cascode current mirror allows less current to isdos M11 and M12 hence the charging and dischgrgime of
the load capacitors at M11 and M12 increases thwering the frequency of output waveform. The opiensof the
CMOS thyristor circuit is same as discussed eafdMOS thyristor with cascode current mirrorimsplemented
in Tanner EDA Tools then the frequency of the ottpaveform is 1.038Hz.
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Fig. 6 CMOS Thyristor with Single Current Mirror Fig. 7 CMOS Thyristor with Double Current Mirror
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Fig. 8 Proposed CMOS Thyristor with Casgode Current Mirror Fig. 9 Proposed CMOS Thyristor with Triple-Cascode
Current Mirror

To further reduce the frequency of output wavefoil@MOS thyristor with triple cascode current mirrir
introduced and is shown in figure 9. It has two bens of inputs R and R_bar. It also has two complgary
outputs Q and Q_bar. By connecting inputs and dsitinucascaded form as shown in figure 4, ringltagor using
CMOS thyristor with triple cascode current mirrechnique can be realized. The triple cascode dum@nor has
large output impedance than cascode current mamdrsimple current mirror hence it allows less éegekcurrent to
the CMOS thyristor transistors M1-M2. The triplescade current mirror allows less current to trensssM15 and
M16 hence the charging and discharging time ofldlag capacitors at M15 and M16 increases thus iogehe
frequency of output waveform. The operation of @@OS thyristor circuit is same as discussed earlibe CMOS
thyristor with triple cascode current mirror is ilemented in Tanner EDA Tolls then the frequencyhaf output
waveform is 0.303Hz.
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Figure 10 and 11 show the transient responsehéptoposed structures shown in figure 11 and 4Recively.
Table -1 shows the comparison of conventional CMi@& oscillator, CMOS thyristor element and CMO $ristor
with footer transistor for ring oscillator desighable -2 shows the comparison of different CMOSigigr based
techniques for ring oscillator design. Table -3 whceffect of voltage variations on the time periadsoutput
waveforms of different CMOS thyristor based teclueis| for ring oscillator design.
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Fig. 10 Transent Response of Proposed CMOS Thyristor with Cascode Current Mirror
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Fig. 11 Transient Response of Proposed CM OS Thyristor with Triple Cascode Current Mirror

Table-1 Comparison of Conventional CMOS Ring Oscillator, CMOS Thyristor Element and CMOS Thyristor with Footer for Ring

Oscillator Design

S.No Parameter Fig 1 Fig 3 Fig 5
1 Supply Voltage 18V 1.8V 1.8V
2 Vmin oV oV oV
3 Vmax 18V 18V 18V
4 TP 59.20 NS 18.64 MS 18.69 MS
5 Frequency 16.89 MHZ 53.64 HZ 53.50 HZ
6 Average Power 185 pw 5.52 yw 0.151 pw
Table -2 Comparison of Different CMOS Thyristor Based techniquesfor Ring Oscillator Design
S.No Parameter Fig 6 Fig 7 Fig 8 Fig 9
1 Supply Voltage 18V 1.8V 18V 25V
2 Vmin oV 210 mVv 566.10 mV 942.46 mV
3 Vmax 172V 1.7V 14V 162V
4 TP 26.91 ms 117.43 ms 963.14 ms 3.30s
5 Frequency 37.16 Hz 8.51 Hz 1.038 Hz 0.303 Hz
6 Average Power 1.77 nw 1.39 nw 2.56 nw 6.62 nw
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Table -3 Effect of Voltage Variations on The Time Periods of Output Wavefor ms of Different CMOS Thyristor Based Techniques for
Ring Oscillator Design

S.No. Voltage Fig 6 Fig 7 Fig 8 Fig 9
1 1.8V 26.91 ms 117.43 ms 963.14 ms -
2 2V 23.11 ms 100.20 ms 758.60 ms -
3 25V 16.30 ms 69.30 ms 455.70 ms 3.30s
4 3V 12.00 ms 50.70 ms 304.20 ms 2.65s
5 35V 8.87 Ms 37.10 ms 215.30 ms 1.81s
CONCLUSION

CMOS thyristor based cascode current mirror and GM@yristor based triple cascode current mirror the
proposed structures for generating low frequenggads. The CMOS thyristor based triple cascodeeotinmirror is
generating the frequency of 0.303Hz. The CMOS stgriwith triple cascode current mirror has smathge swing
thus the minimum voltage of this circuit is larghem compared to other circuits and consumes mamge power
than the CMOS thyristor with cascode current mirrbhe CMOS thyristor based cascode current mirgor i
generating the frequency of 1.038Hz and consunsssdeerage power than the conventional CMOS ricdlat®r
circuit. For low frequency application, CMOS thyosbased triple cascode current mirror circuibéster than the
CMOS thyristor based cascode current mirror andwomes less average power than the conventional CM@S
oscillator. From Table lll, while increasing thepgly voltage, the time periods of the circuits dexreased hence
frequency is increased. It is clearly concluded kna supply voltage is preferred than higher sypgiltage.
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