
CMOS Thyristor Based Low CMOS Thyristor Based Low CMOS Thyristor Based Low CMOS Thyristor Based Low 
Frequency Ring OscillatorFrequency Ring OscillatorFrequency Ring OscillatorFrequency Ring Oscillator

Presented By: Piyush Keshri (Y5303)
Biplab Deka (Y5147)

Mentor: Prof. S. Qureshi

EE-610, Department Of Electrical Engineering, IIT Kanpur



OutlineOutline
Overview of Ring Oscillators
Simple Inverter Chain
C  S d I  Ch iCurrent Starved Inverter Chain
CMOS Thyristor Based Inverter
CMOS Th i t  ith F tCMOS Thyristor with Footer
Comparison

Voltage SensitivityVoltage Sensitivity
Temperature Sensitivity

References

2EE-610, Department Of Electrical Engineering, IIT Kanpur



OutlineOutline
Overview of Ring Oscillators
Simple Inverter Chain
C  S d I  Ch iCurrent Starved Inverter Chain
CMOS Thyristor Based Inverter
CMOS Th i t  ith F tCMOS Thyristor with Footer
Comparison

Voltage SensitivityVoltage Sensitivity
Temperature Sensitivity

References

3EE-610, Department Of Electrical Engineering, IIT Kanpur



Overview of Ring OscillatorsOverview of Ring Oscillators
Design of Ring Oscillators
◦ Typically odd number of inverters 
◦ Used as delay cells y
◦ connected in cascade & in a closed loop

Oscillation frequency given by:Oscillation frequency given by:

Where, N      is the No. of delay cells. 
is the delay time in each cell.

AIM: Design Oscillator with Frequency = 1 kHz.
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Vdd = 1.2 volts.



OutlineOutline
Overview of Ring Oscillators
Simple Inverter Chain
C  S d I  Ch iCurrent Starved Inverter Chain
CMOS Thyristor Based Inverter
CMOS Th i t  ith F tCMOS Thyristor with Footer
Comparison

Voltage SensitivityVoltage Sensitivity
Temperature Sensitivity

References

5EE-610, Department Of Electrical Engineering, IIT Kanpur



Simple Inverter ChainSimple Inverter Chain

6EE-610, Department Of Electrical Engineering, IIT Kanpur



Simple Inverter ChainSimple Inverter Chain

Vdd= 1.2 volts

L=35um
W=1.4um
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Simple Inverter ChainSimple Inverter Chain
Frequency ~ 217 kHzFrequency ~ 217 kHz
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Simple Inverter ChainSimple Inverter Chain
To Achieve Frequency = 1 kHz
◦ No. of Inverters = 601
◦ L = 35um
◦ W = 1.4um
◦ Power Consumption = 716 nW
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Current Starved Inverter ChainCurrent Starved Inverter Chain

L=9um
W 1 4umW=1.4um

L=0.35um
W=1.4um
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Current Starved Inverter ChainCurrent Starved Inverter Chain
Vdd= 1 2 voltsVdd= 1.2 volts

Vbias=0.2 volts
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Current Starved Inverter ChainCurrent Starved Inverter Chain
Frequency~ 1 kHz Power Consumption =2.91 nW
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Current Starved Inverter ChainCurrent Starved Inverter Chain
Issue

Voltage Sensitivity
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CMOS Thyristor Based InverterCMOS Thyristor Based Inverter

• Meta Stable Circuit
• Depend only on Leakage Current
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CMOS Thyristor Based InverterCMOS Thyristor Based Inverter
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CMOS Thyristor Based InverterCMOS Thyristor Based Inverter

L=1.5um
W 1 4umW=1.4um

L=1.4um
W=1.4um
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CMOS Thyristor Based InverterCMOS Thyristor Based Inverter

Vdd = 1.2 volts
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CMOS Thyristor Based InverterCMOS Thyristor Based Inverter

Frequency ~ 1 kHz Power Consumption = 592 pWq y p p

20EE-610, Department Of Electrical Engineering, IIT Kanpur



OutlineOutline
Overview of Ring Oscillators
Simple Inverter Chain
C  S d I  Ch iCurrent Starved Inverter Chain
CMOS Thyristor Based Inverter
CMOS Th i t  ith F tCMOS Thyristor with Footer
Comparison

Voltage SensitivityVoltage Sensitivity
Temperature Sensitivity

References

21EE-610, Department Of Electrical Engineering, IIT Kanpur



CMOS Thyristor with FooterCMOS Thyristor with Footer
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CMOS Thyristor with FooterCMOS Thyristor with Footer

L=0.35um
W 1 4umW=1.4um

L=0.35um
W=2.8 um
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CMOS Thyristor with FooterCMOS Thyristor with Footer

Vdd = 1.2 volts
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CMOS Thyristor with FooterCMOS Thyristor with Footer

Frequency ~ 1 kHz Power Consumption =366 pWFrequency ~ 1 kHz Power Consumption =366 pW
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Summary of ResultsSummary of Results

No. Of 
Inverters

W L Power (nW)

SVT Inverter 
Chain

601 1.4um 35um 716 nW

Current Starved 3 1 4um 9um 0 35um 2 9 nWCurrent Starved 
SVT 

Vb=0.2V

3 1.4um 9um

(inverting 
transistor)

0.35um

(starving 
transistor)

2.9 nW

CMOS Thyristor 3 1 4um 1 5um 1 3um 0 59 nWCMOS Thyristor 3 1.4um 1.5um

(inverting 
transistor)

1.3um

(triggering 
transistor)

0.59 nW

CMOS Thyristor 3 1 4um 2 8um 0 35um 0 3 nWCMOS Thyristor 
Footer

3 1.4um

(inverting 
transistor)

2.8um

(footer 
transistor)

0.35um 0.3 nW
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Voltage SensitivityVoltage Sensitivity

SIC- Simple Inver Chain
SIC_Ft- Current Starved
Thy- Thyristor based
Thy_Ft-Thyristor with Footer
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Temperature SensitivityTemperature Sensitivity

SIC- Simple Inver ChainSIC Simple Inver Chain
SIC_Ft- Current Starved
Thy- Thyristor based
Thy_Ft-Thyristor with Footer
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Temperature CompensationTemperature Compensation
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EE-610, Department Of Electrical Engineering, IIT Kanpur


