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& ‘ RO-based ADC basis
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RO-based ADC basis

Open-loop VCO-based ADC

V]

VvCO
Xo(t) o4 I Wa(®) ; o E” , L yIn]
— ! N s BT =
A . Level | o f| M-bit |p, ML S : N+MI]
. -phase : shifters : |Counters :
ring-oscillator | = ™ 5
SNDR degradation

* I Nonlinear transfer function

* Power and area savings

* | Phase noise

* Scalable designs
+ P&Rtools *
* High sensitivity

Way to linearize the RO response

Output Spectrum (dBFS)

10 10 10* 10° 10°
frequency (Hz)

RO design to reduce the phase noise

volt

Uc3m *W. Sansen, "1.3 Analog CMOS from 5 micrometer to 5 nanometer," 2015 IEEE International Solid-State Circuits 5

Conference - (ISSCC) Digest of Technical Papers, 2015, pp. 1-6.



e LANORTON RiioposalsSeveial RO-based ADC paths
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*  Noresolution degradation.
*  Higher power-efficiency.

*  More occupied area.
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Practicall application: X-HEEP
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L AR ABCIdesign ior GSR as a proof of concept

Specifications

Biosignal: Electrothermal activity (EDA) or Galvanic Skin Response (GSR)

« Bandwidth (BW) = 1.5Hz
* DR: 14 ENOBs — 84dB
* Input signal: voltage
* Average sensitivity 0.01uS
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& ABC design for GSR

Front-end circuit analysis
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|<—>| —
0 0 lIO 2I0 30 40 50 6I0 ?IO SIO 9IG 1 BO

Conductivity [uS]

The sensitivity defines LSB of the ADC architecture.

* J. A. Miranda Calero, A. Paez-Montoro, C. Lopez-Ongil and S. Paton, "Self-Adjustable Galvanic Skin Response
ucdm pez-Ong ’ P
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Sensor for Physiological Monitoring," in IEEE Sensors Journal, vol. 23, no. 3, pp. 3005-3019, 1 Feb.1, 2023.



& ADC design for GSR

Designing an open-loop RO-based ADC
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i Current S

Checked by Simulink/MATLAB model

Designing a RO: transistor level quantization noise = 100dB

) 'tising’ shold 0.13043 ?mode "u ame 'time") Wed May 3 16:57:09 2023 1 Transient Response
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00 10

RO gain for 10 pV,, The rest oscillation frequency, f, = 56kHz;
12 MHz/V for 20 phases from a single RO RO gain in the entire input range, K., = 560KHz/V
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Q&#;fs.'fummnm Current simulations

Designing a RO: transistor level Phase noise = 74 dB
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& i Current simulations

Designing a RO: transistor level

Nonlinearity performance Transient simulations for f, = 333 Hz and f, = 10 kHz
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L AT @pen:loop RO-based ADC for GSR

A
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