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Personalized Diagnhosis Needs Mobility
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CMOS-Integrated Biosensors
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Lab on CMOS
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Why DNA Sequencing?

Bobo the Chimp (1995-Now)
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DNA Sequencing and Moore’s Law

Cost per Raw Megabase of DNA Sequence _
Sanger-based Next Generation

Sequencing

Moore's Law

N I H National Human Genome
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Data from the NHGRI Genome Sequencing
Program (GSP) : Available at:

Method Read length |Reads | Time per  |Cost per 1
perrun |run million
bases (US$)
lon torrent 400 bp 80 million|2 hours | $1
sequencing
Pyrosequencing | 700 bp 1 million |24 hours |$10
(454)
lllumina 50~300 bp |6 million |1~11 days |$0.05~$0.15
sequencing
Sanger 400~900 bp |N/A 20 minutes | $2400
sequencing ~3 hours
High demand for low-
cost sequencin
£
CMOS compatible High-throughput
sequencing system sequencing
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lon Sensitive Layer in Semiconductor Devices

 lon sensitive layer contains chemical groups that
can donate or accept a proton from electrolyte

» Gate oxide SIO, layer: SIOH site
» Passivation Si;N, layer: SIOH and SINH, site

SIOH = SiO +H.* (1)
SiOH,* = SIOH + H.* 2)
SINH.* = SiNH, + Ht (3)

« SIO, vs. Si;N, layer— Traditional ISFET vs. CMOS
ISFET




ISFET by Standard CMOS Technology
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Our Previous Work: CMOS lon-Image Sensor
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CMOS ISFET Device Model

U Stacked capacitance and trapped charge effects are depicted
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CMOS ISFET Challenge 1: Sensitivity Attenuation

O ISFET floating gate voltage to pH sensitivity is reduced by the
factor A
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CMOS ISFET Challenge 2: Trapped Charge and Drift

O Accumulated trapped charge — large and unpredictable
threshold voltage deviation
O Drift — time-varying threshold voltage drift

G Ag/AgCl
5155:5:3555555: :1:5555555:5:55 Vief
inef L B - A @ N
S B C R T —
Vchem=f(pH) I @Iyt
1

CHE g HTE e T
Cd O OH;" OH NH, NH3' Dritting
—oocpoe.__Solution__L§ G S5 G
Vicp —= Semiconductor Passivation Layer \
icnqss Trapped Charge
Vtcfg p— i I
* —~ Accumulation
FG
—fes | ™ Cfed "
S o +J[E——opD

P-substrate




This Work: pH-to-Time-to-Voltage conversion
(pH-TVC) Scheme

U Operation principle: change of pH — change of ISFET Vth and
drain current — change of NO discharge time — change of N1
voltage
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This Work: pH-to-Time-to-Voltage conversion
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This Work: pH-to-Time-to-Voltage conversion
(pH-TVC) Scheme

U Operation principle: change of pH — change of ISFET Vth and
drain current — change of NO discharge time — change of N1
voltage
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Sensitivity Optimization

QISFET output voltage at node ‘N1’ AV, is exponential to pH
change, hence the capacitive division effect is compensated

—A - 2.303aUrpH

Weak inversion ISFET: Ip = I K -exp 7 (1)
T
At
Solution with an initial pH,: AVyu1 = Vop — Vo = i C_o (2)
| At
Solution pH value change to pH,: AVyu2 = Vpp — Vpnz = Ipn A (3)
0
“ ” — IpHZ
pH-related AV at “N1":  AVpy = Vpu1 = Vpuz = AVpua - (— o 1) (4)
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pH sensitivity to AV, : AVpy = AVpy, - [exp nU;
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Elimination of Trapped Charge and Drift

QTrapped charge in FG can be eliminated through reset device MN,,

UdTrapped charge in passivation layer can be removed using
ultraviolet (UV) radiation

dDrift effect can be ignored by fixing FG voltage to RSTV in reset
phase.
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CMOS 512x576 ISFET Sensor Top Architecture
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ISFET Sensor Summary

1512x576 pixel array with 3.9umx3.9um chemical sensing area
d201mV/pH sensitivity and 375 fps readout speed
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CMOS ISFET Sensor Timing
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Initial Results and Discussions |

O pH sensitivity is largely improved
0 A maximum of 201lmV/pH sensitivity at node “N1”.
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Initial Results and Discussions |l

4 FG voltage is fixed to RSTV in reset phase
d The system is immune to drift and trapped charge effect
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Conclusion

* This paper addresses two major issues faced by CMOS
ISFET sensor:

1. Low ISFET pH sensitivity
2. Trapped charge and drift effects

* The proposed pH-TVC readout scheme compensates pH
sensitivity reduction; and Reset removes non-ideal effects
such as trapped charge and drift

* A 201mVIpH, 375 fps and 512x576 CMOS ISFET sensor is
designed and fabricated with support by TSMC sensor team
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