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Design Challenges in sub-90 nm Technology

Radiation Tolerance System Performance
Signal-to-noise Ratio (SNR)

Total lonising Dose ,
Dynamic Range

Single Event Effect
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CMOS Scaling: TID | SEE T

Decision steps to design Radiation-
hardened interfaces

Device technology to Signal processing technique
counter TID ﬁ (voltagel/time) to counter SEE

(65nm CMOS Technology) (Time-Domain)
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‘Tsigna’ is time difference or interval between two time events.
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Basics of Time-Domain Signal Processing m

Signal Processing Flow

Conti(guous Samp.,ed D)isg)rete Digitize )Dl@gltal
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gnal
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Advantages of Time-domain Signal Processing:

* Pseudo-digital circuits built using digital gates.
» Scaling friendly and inherited noise immunity of digital circuits.
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Performance of Time-domain
Circuits under lonizing Radiation

Total lonizing Dose (TID) Single Event Effect (SEE)
Time-domain ~ Voltage-domain Time-domain > Voltage-domain
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Capacitance Sensors Applications: Pressure, humidity, flow, displacement, acceleration etc...

Energy efficiency (— Resolution
(SAR Type) =D  (AZ Type)

Time-domain AT ——3) OTAs )  VCO/TDInteg. v/ | PowerEfficient
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Open-loop Operation Non-linearity .
[Sanyal, JSSC'17] Closed-loop Operation

[Tang, JSSC’20]
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Circuit Implementations

Architecture overview

On - chip _4cbit e .
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 Bubble Error correction

Y = Csz_l + sz_o's(l — Z_1)
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Architecture On - chip _4-bit
overview
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Architecture On - chip _4-bit
overview

Off - chip

rap— =

N
T, T

|

|

|

|

1 AT =(ATy+AT)z"* AT, =AT;z"*

|

I -0.5
) 7' T, .

| T“_q_)_ T, — 25 |1,

! Ti, - - 1

: '{clk_l—\—l_ Tex S
I I

I P I— Tar 1

| Tp i L T;

1

N
iy Tclr- T

Time-Domain Adder Time-Domain Register

4-bit signed Vernier-Type TDC

TCI%T ‘ Cpar | CFS

Reference

1
|

H—H—T -

—l
| M

Delay

L1 L1
I o
DFF DFF DFF
T Dy,Dy,...Dss
? -
DFF DFF DFF

D,

16/05/2021, RADSAGA Final Conference — Arijit Karmakar

12



“h Rad-hard Time-domain AX
mosica | Capacitance-to-Digital Convertor

Architecture On - chip
overview
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Rad-hard Time-domain AX
Capacitance-to-Digital Convertor

o T ] O e ] O
ri' Rl B B R

Decoupling
Capacitors

CDC 135 um

315 um |

Die micrograph

1000

800-

600

4007

Digital Count

2007

Equivalent Cap. (pF)

0 125 25 375

Test Board
.5’0 o O

15

Keysight B2902A

Test Setup
0 :
—— Digital output
| = = -Integrated noise
-40r .
7 65536 pt FFT e
E Hanning Window -
=
‘?_ -80 20dB/dec
-120

10* 10°

10° 10’

Frequency [Hz]

16/05/2021, RADSAGA Final Conference — Arijit Karmakar

Power Breakdown

FOM (pJ/step)

TDC
(27.7%)

1 T 18
—&— FOM(pJistep)
—&— ENOB(bits)
0.8 116
0.177 pJ/step
12.9 hits‘\ 114 z
0.6 1 :’3:
: -]
0.4 12 %
’ &
0.2 10
0 . : 8
0.1 1 10 100

Conversion Time (jsec)

15



&- Rad-hard Time-domain AZ
Capacitance-to-Digital Convertor

* * 5
* *
* *
* *

i*i

RADSAGA

JSSC-20 JSSC-17 This TIM-19 | TCASI-18 JSSC-19 ISSCC-15

[5] [10] Work [11] [12] [1] [13]
Process (nm) 40 40 65 180 180 180 160
Method $:)1;:ng ;r/:)?:zgz Time Voltage Voltage Voltage Time
Topology AY+SAR | SAR+VCOf| AX SAR AX AY+SAR PMT
Power Supply (V) 0.6/1.1 1 1.2 0.8/1 1.5 1.1 1
Cap. Range (pF) 0-5 0-5 0-3.75 0-3.6 1-10° 0-18.12 0-8
Conv. Time (us) 12.5 1 0.76 810 128 850 210
Energy (nJ) 0.083 0.075 1.52 1.28 1.92 2.62 2.902
ENOB(bits) 12.3 104 12.9 12.7 13 11.8 10.6
SNR(dB) 75.8 64.2 79.4 78.5 80 72.8 65.6
FOM({l/step) 16 55 177 187 230 660 1870

TPM= Pulse-width Modulation
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Dyt =Tiz7 1+ Qz7°(1-H.z71) o TID mitigation
— DLL based calibration
Configurable Time-domain FIR filter o SEE mitigation
For 1storder, H(z) = 1 — TMR (FIR filter and DTC block)
For 2"d order, H(z) =2 —z~! — Bubble Error correction (TDC)

For 3@ order, H(z) =3(1 —z71) + z72
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e Research Goal: Implement rad-hard time-domain sensor interfaces (immune
against TID and SEEs).

e Key learning : SEE can be mitigated at circuit level but TID effects are primarily
reduced by choosing appropriate process technology.

e Performance of Time-domain circuits is better than voltage—domain circuits in
terms of SEE, but similar in terms of TID.

e Designs discussed:
* Rad-hard CDC

 Rad-hard TDC (ongoing).
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