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New Drug Discovery

« High-cost (>52.6B/drug') and failure rate from mid- to late-stage

* Many diseases are highly linked to protein-ligand abnormality
Drug Discovery and Development: A LONG, RISKY ROAD
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Need a solution for accurate in-vitro study of protein-ligand interactions

[1] Pharmaceutical Research and Manufacturers of America




Existing Methods for Protein-Ligand Detection
Surface Plasmon Resonance
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[1]J. Homola, Analytical and Bioanalytical Chemistry, 2003; [2] C. Fan, TRENDS in Biotechnology, 2005




Transient Induced Molecular Spectroscopy (TIMES)
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v’ Label- and immobilization-free in-vitro protein-ligand detection
v Closer to physiological conditions and better signal integrity

Requires a sensitive AFE for charge sensing

T. Zhang, Y. Lo, Scientific Reports, 2016




UTIMES Specification

Parameter Application Circuit
Sensor size 8 channels 300pumx>300pm Mé
Resolution 0.1 pM sensitivity 100 fA
Cross-scale DR 0.1 pM - 10 mM range 100 fA- 1 pA
Bandwidth 5 cm/s flow rate 10 Hz

e Active area < 0.2 mm?/ch.
* Partition across 4 references with 80dB SNDR each
 WE/RE - pseudo-differential input

T. Zhang, Y. Lo, ACS Central Science, 2016
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Existing Sub-pA Current AFEs

[H. Li, TBioCAS’16] [C. Hsu, 1SSCC’18]
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Aim to achieve 100fA sensitivity with small area/power




Proposed UTIMES AFE Architecture
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UTIMES - 15t-order current-mode AX + digital lIR (linear predictor)




Proposed UTIMES AFE Architecture
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Proposed UTIMES AFE Architecture
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Issues with Single-bit Quantization

* Limited SQNR for given OSR
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Issues with Single-bit Quantization

C L. , What we will find later:
* Deterministic quantization noise More transitions and quantization

levels = less tonal effect
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Issues with Single-bit Quantization
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Motivation: Linear Prediction in AX
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Scaled value (a.u.)

Scaled value (a.u.)
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First-order observations:

* D, closely tracks input signal
* More transitions - less tonal
» Quantization step € {A, 3A}

* fsigmax and PSD?




PSD (dB/Hz)
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STF & NTF
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[1] S. Pavan, R. Schreier, G. Temes, ‘Understanding delta-sigma data converters’, John Wiley & Sons, 2017




Tri-Level PWM DAC
out | Digital | Doy « PWM DAC

IIR

— Entirely digital coded - less hardware

PWM — CT loop filter = pulse shape independent
DAC

* Current-steering DAC

— nA ~ pA reference from current-splitting
D, Ll = Lt — No loading - larger loop gain, linearity T

........... e Two-level PWM - Tri-level PWM

lown  +1 | — — Lose inherent linearity

— Even-order distortion eliminated [

— RZ DAC - S| immunity

Two-level PWM Tri-level PWM — Half pulse = noise, jitter, OTA linearity

[1] F. Colodro, A. Torralba, TCAS-I, 2009




Tri-Level PWM DAC

shunt path eliminates Current steerilzwf, Resistive -
1 thermal noise at “0” state = 4)Ty —2AC = 4kT
@ C”rregisg"tt'”g « Current-steering DAC with shunt path

— Bypass most noise for small input
— Low-pass filtered bias noise
— Linearity maintained by careful sizing

Tri-level current-steering DAC
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Current-Splitting DAC
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Continuous-Time CMFB
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L. Luh, J. Draper, TCAS-11, 2000




Chip Micrograph
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Measurement Results
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Normalized digital output

Measurement Results
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TIMES In-vitro Measurement Setup
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In-vitro Protein-Ligand Measurement

100uM Lysozyme +
100uM NAG,

75 pA

protein-ligand complex
/ Charge distribution results in different signatures
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Characteristic shape due to unique dipole moment and charge locality




Performance Summary

Stanacevic¢ Li Sim Hsu Nazari This
TBCAS'07 | TBCAS16 | TBCAS17 |ISSCC18| TBCAS13 | Work
AFE Architecture | Inc. AY Inc. AS AS Houggz'ass Sg%’ o | IRas
Process [um] 0.5 0.5 0.35 0.18 0.35 0.18
Max Input [uA] 1 16 28 10 0.35 11
Resolution [fA] 100 100 100,000 100 24,000 123
@ BW [Hz] @0.1 @1 @ 10 @18 @ 100 @ 10
gﬁ:’:rﬂ;y{m 8,388 1,000 4 400 10 100
:l“oﬁ‘s‘:[f;‘mg] 6,960 58.9 1,850 30.3
Fixed-/cross- 40* / 54.0% / i 160 60.7 / 7821
scale DR [dB] 140 164 95 139
On-chip Sensors? NO NO NO NO YES YES
Num. of Channels 16 50 1 1 192 8
Arealch. [mm?] 0.25 0.157 0.5 0.2t 0.04 0.11
Power/ch. [uW] 3.4t 241 16.8 295 188 50.3

* estimated from figures; T not including synthesized digital area and DEM; * off-chip bias
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Conclusion

Motivation:

* A compact, energy-efficient, high-sensitivity AFE for TIMES biosensing
Techniques:

 Linear prediction in 1st-order CT-AZ achieved by digital IR filter

» Relaxed hardware complexity with tri-level PWM DAC
Results:

* Low-noise (30.3fA//Hz)

« High sensitivity (123fA)

« Large dynamic range (78.2dB/139dB)

* Small area (0.11mm?2) and low power (50.3uW) per channel
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