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Research Objectives

316/05/2021, RADSAGA Final Conference – Arijit Karmakar

Physical 

Information
• Temperature

• Humidity

• Pressure

• Acceleration

• etc.

SENSOR

Electrical 

Information
• Voltage

• Current

• Capacitance

• Resistance

• etc.

SENSOR

INTERFACE

D
IG

IT
A

L

CONDITIONING 

CIRCUITRY

INFORMATION

-to-

DIGITAL

Design Challenges in sub-90 nm Technology
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Radiation Effects on Integrated Circuits
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Decision steps to design Radiation-

hardened interfaces

Device technology to 

counter TID

Signal processing technique 

(voltage/time) to counter SEE

(65nm CMOS Technology) (Time-Domain)

Radiation Effects on Integrated Circuits

CMOS Scaling: TID ↓ SEE ↑



Basics of Time-Domain Signal Processing

6

▪ ‘𝑻𝒔𝒊𝒈𝒏𝒂𝒍’ is time difference or interval between two time events.

T1

T2

Tsignal
𝑻𝒔𝒊𝒈𝒏𝒂𝒍 = 𝑻𝟐 − 𝑻𝟏

Tsignal

T1 T2

Bipolar information Unipolar information

T1

T2

Tsignal[0] Tsignal[1] Tsignal[2] Tsignal[n]

0 1 2 n

Tsignal[0] Tsignal[1] Tsignal[2] Tsignal[n]

0 1 2 n

▪ Inherently always sampled with respect to Time. i.e, discrete-time.
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Basics of Time-Domain Signal Processing
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Continuous Sampled

w.r.t Time

Digitize
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Discrete Digital

𝑽𝒔𝒊𝒈𝒏𝒂𝒍
𝑰𝒔𝒊𝒈𝒏𝒂𝒍 𝑻𝒔𝒊𝒈𝒏𝒂𝒍

V-to-T

T-to-V

Amp., Reg., Adder, Integ., TDC, DTC etc.

Signal Processing Flow

Advantages of Time-domain Signal Processing:

• Pseudo-digital circuits built using digital gates.

• Scaling friendly and inherited noise immunity of digital circuits.



Performance of Time-domain 

Circuits under Ionizing Radiation
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Total Ionizing Dose (TID)

Prevention method: 

• No well-known circuit techniques !! 

• Use scaled CMOS technologies.

• Wider (W>1 um) device sizes and 

enclosed gate layout

Correction method: 

• Calibration using PLLs or DLLs

→ Foreground calibration for low dose rate 

→ Background calibration for high dose rate

• Cause: change in Vth, leakage current

• Effect: Variation in reference time-delays or 

frequencies.

Time-domain ~ Voltage-domain

Single Event Effect (SEE)

• Cause: SET, SEU.

• Effect: Transient in time-domain signal, 

bit-flip or change in logic.

Prevention method: 

• Using low bandwidth implementation

• High impedances at sensitive nodes.

Correction method: 

• Triple modular redundancy 

• Digitally assisted calibration to correct logics

Time-domain > Voltage-domain
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Rad-hard Time-domain 𝚫𝚺
Capacitance-to-Digital Convertor

Prior- art

HL(s) 1 - z
-1

VCO-based Operation

VC
DOUT

HL(s)

VCO-based Operation

-

ICLADAC

VC
DOUT

Open-loop Operation

[Sanyal, JSSC’17]
Closed-loop Operation

[Tang, JSSC’20]

Hybrid Techniques (Time-domain +Voltage-domain)

Capacitance Sensors Applications: Pressure, humidity, flow, displacement, acceleration etc…

Energy efficiency Resolution

(SAR Type) (∆Σ Type)

Time-domain ∆Σ VCO/ TD Integ.OTAs Power Efficient

Non-linearity
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Rad-hard Time-domain 𝚫𝚺
Capacitance-to-Digital Convertor

Circuit Implementations

𝑻𝑺 ∈ [𝑻𝒐, 𝑻𝑭𝑺 ]𝑪𝑺 ∈ [𝟎, 𝑪𝑭𝑺 ] 𝑻𝑹𝑬𝑭 = 𝑻𝒐, when 𝒀𝟏 = 𝟎

𝑻𝑭𝑺, when 𝒀𝟏 = 𝟏

Architecture overview

𝒀 = 𝑪𝑺𝒛
−𝟏 +𝑸𝟐𝒛

−𝟎.𝟓(𝟏 − 𝒛−𝟏)

• TID mitigation

• DLL based calibration

• Wider devices 

• SEE mitigation

• TMR/ majority voter

• Bubble Error correction
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Rad-hard Time-domain 𝚫𝚺
Capacitance-to-Digital Convertor

Circuit Implementations

𝑻𝑹𝑬𝑭 = 𝒌𝑹 𝑪𝑭𝑺 + 𝑪𝒑𝒂𝒓𝑻𝑺 = 𝒌𝑹 𝑪𝑺 + 𝑪𝒑𝒂𝒓 ,

𝒌𝑹 = 𝑹𝒍𝒏
𝑽𝑫𝑫

𝑽𝑫𝑫 − 𝑽𝑻𝑯
where,

Architecture 

overview
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Rad-hard Time-domain 𝚫𝚺
Capacitance-to-Digital Convertor

Circuit ImplementationsArchitecture 

overview
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Rad-hard Time-domain 𝚫𝚺
Capacitance-to-Digital Convertor

Circuit ImplementationsArchitecture 

overview
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Rad-hard Hardened Time-domain 𝚫𝚺
Capacitance-to-Digital Convertor

Calibration circuit

Timing Diagram



Rad-hard Time-domain 𝚫𝚺
Capacitance-to-Digital Convertor
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Die micrograph Test Setup Power Breakdown

Measurement Results
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Rad-hard Time-domain 𝚫𝚺
Capacitance-to-Digital Convertor

Measurement Results



Rad-hard Multi-order 𝚫𝚺 Time-to-

Digital Convertor
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Configurable Time-domain FIR filter

𝑫𝒐𝒖𝒕 = 𝑻𝒊𝒛
−𝟏 + 𝑸𝒛−𝟎.𝟓(𝟏 − 𝑯. 𝒛−𝟏)

For 1st order, 𝐻 𝑧 = 1

For 2nd order, 𝐻 𝑧 = 2 − 𝑧−1

For 3rd order, 𝐻 𝑧 = 3 1 − 𝑧−1 + 𝑧−2

• Key Features:

o Target Spec: 

― PWR <5 uW @10MSa/s, 

― ENOB >12 bit, FoM <50 fJ/step

o TID mitigation

— DLL based calibration

o SEE mitigation 

― TMR (FIR filter and DTC block)

― Bubble Error correction (TDC)



Rad-hard Multi-order 𝚫𝚺 Time-to-

Digital Convertor
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Conclusion
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• Research Goal: Implement rad-hard time-domain sensor interfaces (immune 

against TID and SEEs).

• Key learning : SEE can be mitigated at circuit level but TID effects are primarily 

reduced by choosing appropriate process technology.

• Performance of Time-domain circuits is better than voltage–domain circuits in 

terms of SEE, but similar in terms of TID.

• Designs discussed: 

• Rad-hard CDC

• Rad-hard TDC (ongoing).



Conclusion
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