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Low Cost Sequencing Drives
Applications

Targeted disease management
* Prevention, screening
» Clinical diagnostics

Services  A— « Treatment, monitoring

*2020+: $20B+
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Computation = | «  Environment/Ecology (metagenomics)
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DNA: The Blue Print of Life
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DNA Sequencing Process Flow
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System Overview
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DNA Sequencing Flow - Pixel

1- A colony derived
@ from a unique DNA

‘), dNTP’s strand is immobilized

x —& on each sensor

2- Each modified base

Rkl BA Top Electrode is introduced
&= polymerase @/v ¥ sequentially through
S e x the solution (~min)
-
@ 3- The electrochemical
@ .
@ ?7 * tag is released upon
incorporation of the
Bottom Electrode base and detected
CMOS Chip (after cleaving

phosphate) (~sec)
Presence of the tag is detected per pixel per base
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Transduction Mechanism

Physical Model Current vs Voltage
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>50 fA current per molecule shuttling time

independent of lateral dimensions
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Transduction Mechanism

Physical Model Electrical Model
Top Electrode k@l
- _IIGD—VW I Cdl $

Bottom Electrode T Rint

Top Electrode ~__

I Bottom Iélectrode
Average shuttling time ~ z2/2D ‘D Vi,
z : gap size . # of molecules
D: diffusion coefficient of the molecule shuttling time
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Discharge Measurement
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Pixel Architecture

Model with Ideal Elements
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Chip Architecture

Shared Top Electrode

il syl
Ly Ly £

Sensor [0] ~| Sensor [1] ~| Sensor [N] ~|
Reset [0] ~|E_ Reset [1] ~|E_ Reset [N] ~|I§_
RowSel [0]~| RowSe! [1]4 RowSel [N]~|
A |
BGR [‘: ~ZADC p:_lMem |

@ . @ Control
’@ DLogm ‘D°‘

Column parallel readout, cycle through rows

© 2016 IEEE 16.1: A Nanogap Transducer Array on 32 nm CMOS for Electrochemical DNA Sequencing )
International Solid-State Circuits Conference 12 or 26



VCO Based ADC
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DNA Sequencing Flow - Pixel
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Transducer Integration

Top Electrode

Bottom Electrode

Post processing on standard CMOS wafer
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Transducer Integration
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Transducer Integration
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Transducer Integration
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Transducer Integration

Top electrode
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Measurement System
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Data Collection

Control Panel Data Display
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Measurement Results

Electrochemical Tag
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Transducer Scaling

Top Electrode

Bottom Electrode
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Scalability Comparison

nanogap
< d >
Endpoint ‘ ' . 1 1
D PO! (f \ Signal oc . ~—
etection \ Capacitance d
ISEET
- . % . Area 1
Cont.lnu_ous df Signal oc ~
Monitoring “ Volume d
1
I
ISFET | Nanogap
’ Rela,)(ed Frame Rate >10 fps* ~1 fps
requirements on _ _ . .
frame rate Noise Scaling 1/d 1/d
- Lateral dimension Signal Scaling|  1/d 1/d?
independent SNR SNR d 1

* Needed due to fast transient signal
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Summary

System « Scalable approach for
Technology 32 nm CMOS :
Die size 5mm x5 mm eleCtronIC DNA
Number of pixels 8,192 sequencing on 32 nm
Number of sensors 224 d
Power consumption 27.9 mW prOCeSS node
Supply voltage 1.05V/1.8V ° Enabled by CO-Optimized
Pixel S
Area 1 pum?2 circuits and transducers
Leakage <10 pA . .
Sensor « Demonstration of detection
Area 20 pm* of nucleotide incorporation
Unit capacitance 1 pF/um?
Electrode spacing 60 nm « Sensitive and dense bio-
Signal/pAP molecule 50 fA ;
ADC sensing platforms can be
PSR 700 mv realized in advanced
Conversion time 50 ns
Resolution 8-bit process nodes
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