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Guest Editorial
Special Issue on Selected Papers From

IEEE ISCAS 2020

THIS Special Issue of the IEEE TRANSACTIONS ON
BIOMEDICAL CIRCUITS AND SYSTEMS highlights a

selection of biomedical related research papers from the 2020
IEEE International Symposium on Circuits and Systems (ISCAS
2020) in Seville, Spain. The ISCAS 2020 due to COVID-19 was
organised for the first time virtually from October 10 to 21,
2021. As the flagship international conference/symposium of
IEEE Circuits and Systems Society, ISCAS 2020 had a special
focus on circuits and systems for sustainable society in harmony
with nature and sought to address multidisciplinary challenges
in circuits and systems, including biomedical applications.

The papers in this special issue were selected out from a
comprehensive list of papers those presented in the sessions of
ISCAS 2020 with strong relation to biomedical applications.
Based on technical review scores from independent experts
worldwide, 24 highly ranked papers which covered circuits and
systems for biomedical applications in ISCAS 2020 were invited
to submit their extended versions for consideration in the Special
Issue. This Special Issue received 12 contributions and after
a thorough peer review process with iteration of manuscript
revisions, a final set of 9 papers was accepted to form this Special
Issue.

The first paper titled “Light Absorption Measurement with
a CMOS Biochip for Quantitative Immunoassay Based Point-
of-Care Applications” presented a CMOS biochip-based pho-
tometer for quantitative immunoassay diagnostics. Hofmann et
al. demonstrated the quantification of prostate specific antigen
(PSA) with an optoelectronic CMOS biochip using this ap-
proach. A PSA immunoassay is performed on the top surface of
the CMOS sensor array, enzyme kinetics and PSA concentration
are measured within 6 minutes with a limit of detection (LoD)
of 0.5 ng/ml, which meets clinical testing requirements. They
achieve an overall coefficient of variation (CV) of 7%, which is
good compared to other point-of-care (PoC) systems.

The second paper titled “Detection of Multiple Breast Cancer
ESR1 mutations on an ISFET based Lab-on-Chip Platform”
he efficacy of an ISFET based CMOS integrated Lab-on-Chip
(LoC) system, coupled with variant- specific isothermal ampli-
fication chemistries, for detection and discrimination of wild
type (WT) from mutant (MT) copies of the ESR1 gene. Design
and optimization of bespoke primers was carried out and tested
on a qPCR instrument and then benchmarked versus the LoC
platform. The LoC platform proposed by Alexandrou et al., has
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the potential to be used at a breast cancer point-of-care testing
setting, offering mutational tracking of circulating tumour DNA
in liquid biopsies to assist patient stratification and metastatic
monitoring.

The third paper titled “A Combined pH-Impedance System
Suitable for Portable and Lab-on-Chip Continuous Sensing”
presented a combined pH and impedance sensing system suit-
able for portable measurements. Aslanzadeh et al. reported this
portable system which is implemented with two chips and an
external multi-electrode array into a portable system. Resistance,
capacitance, and pH are experimentally measured using buffer
solutions to simulate a water quality monitoring application.

The fourth paper titled “A Chopped Neural Front-end featur-
ing Input Impedance Boosting with suppressed offset-induced
charge transfer” presented the background and circuit design in
detail and presents measurement results of a prototype imple-
mented in a 180nm HV CMOS process. Reich et al. reported
neural recorder front-end achieves a performance with an area
consumption of 0.036mm, an input referred noise of 1.32Vrms
(1 Hz to 200 Hz) and 3.36 Vrms (0.2 kHz to 10 kHz), power
consumption of 13. W from 1.8 V supply, as well as CMRR and
PSRR 83 dB at 50 Hz.

The fifth paper titled “Hardware Acceleration of EEG-based
Emotion Classification Systems: A Comprehensive Survey, pre-
sented the first hardware-focused critical review of EEG-based
wearable classifiers of emotions and survey their implementa-
tion perspectives, their algorithmic foundations, and their feature
extraction methodologies. Gonzalez et al. further provided a
neuroscience-based analysis of current hardware accelerators
of emotion classifiers and use it to map out several research
opportunities, including multi-modal hardware platforms, ac-
celerators with tightly-coupled cores operating robustly in the
near/supra-threshold region, and pre-processing libraries for
universal EEG-based datasets.

The sixth paper titled “High-Pass SigmaDelta Modulator
with Techniques of Operational Amplifier Sharing and Pro-
grammable Feedforward Coefficients for ECG Signal Acqui-
sition” presented a high-pass sigmadelta modulator (HPSDM)
for electrocardiography (ECG) signal acquisition system. Lee
et al. fabricated their proposed HPSDM in a 0.18-m standard
CMOS process. Measurement results reveal that the proposed
HPSDM has a signal-to-noise and distortion ratio (SNDR) of
54.5 dB and a power consumption of 2.25 W under a 1.2
V supply voltage and achieves a figure of merit (FoM) of
12.96 pJ/conv.
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The seventh paper titled “A Super-Sensitivity Photoacoustic
Receiver System-on-Chip based on Coherent Detection and
Tracking” presented a novel photoacoustic receiver system-on-
chip (SoC) with coherent detection (CD) based on the early-and-
late acquisition and tracking is developed and first fabricated.
Yang et al. reported the measurement results that the receiver
achieves 0.18Vrms sensitivity at the depth of 1cm with 1mJ/cm2

laser output fluence. The contrast-to-noise (CNR) of the imaging
is improved by about 22.2 dB. The area of the receiver is
5.71 mm2, and the power consumption of each channel is about
28.8 mW with 1.8V and 1V power supply on the TSMC 65nm
CMOS process.

The eighth paper titled “An Imaged-Based Method for
Universal Performance Evaluation of Electrical Impedance
Tomography Systems” presented a simple and reproducible
methodology for universal evaluation of the performance of elec-
trical impedance tomography (EIT) systems using reconstructed
images. Wu et al. reported a passive 16 electrode EIT system
using an application specific integrated circuit front-end. The
measured results show both visually and in terms of the proposed
FR metrics, the impact on recorded EIT images with different
design parameters and non-idealities.

The ninth paper titled “A Noninvasive Miniaturized Transcu-
taneous Oxygen Monitor” presented a prototype noninvasive,
miniaturized transcutaneous oxygen monitor using the lumi-
nescent sensing technique. Costanzo et al. implemented this
design on a printed circuit board with off-the-shelf components.
They conducted experiments to understand the temperature and
humidity dependence of oxygen-sensitive platinum-porphyrin
films. The system resolves changes in oxygen pressure from 0 to

418 mmHg in the lab bench-top testing. Under fixed conditions,
the sensor shows a 2% drift over 60 hours. The prototype
consumes 9 mW of power from a 2.2 V external DC power
supply.

The Guest Editors would like to express their gratitude to
all the authors for preparing such high-quality papers and
to all the reviewers for their precious time. They also wish to
thank the ISCAS 2020 Organising Committee and Technical
Program Committee members. We would also like to express
our sincere thanks to Prof. Guoxing Wang (Editor-in-Chief),
Prof. Timothy Constandinou (Deputy Editor-in-Chief), and the
Technical Committee (TC) of Biomedical and Life Science
Circuits and Systems, for giving us the opportunity to organize
this Special Issue. We also wish to thank the IEEE support staff
for their efforts in finalizing this special issue.

HADI HEIDARI, Guest Editor
James Watt School of Engineering
University of Glasgow
G12 8QQ Glasgow, U.K.

NICOLE MCFARLANE, Guest Editor and Associate Editor
Department of Electrical Engineering and Computer Science
The University of Tennessee at Knoxville
Knoxville, TN 37996 USA

CHUL KIM, Guest Editor and Associate Editor
School of Bio and Brain Engineering
Korea Advanced Institute of Science and Technology
Daejeon 34141, South Korea

Hadi Heidari (Senior Member, IEEE) received the Ph.D. degree in microelectronics from the
University of Pavia, Italy. He is currently an Associate Professor (Senior Lecturer) with the School
of Engineering, University of Glasgow, U.K., where he leads the Microelectronics Laboratory.
He has authored more than 200 publications in top-tier journals and conferences. His research
interests include developing microelectronics and sensors for neurotechnology devices. Heidari
is a Senior Member of IEEE and Fellow of Higher Education Academy (FHEA). He is a Member
of the IEEE Sensors Council Member-at-Large (2020–21 and 2022–23), and was IEEE Circuits
and Systems Society Board of Governors (2018–20). He was the recipient of a number of awards,
including the 2020 IET Healthcare Technologies Early Career JA Lodge Award, 2019 IEEE
Sensors Council Young Professional Award, the rewards for Excellence prize from the University
of Glasgow (2018), and multiple best paper awards from ISCAS 2014, PRIME 2014, and ISSCC
2016. He was also the General Chair of the 27th IEEE ICECS 2020 in Glasgow.



368 IEEE TRANSACTIONS ON BIOMEDICAL CIRCUITS AND SYSTEMS, VOL. 15, NO. 3, JUNE 2021

Nicole McFarlane (Senior Member, IEEE) received the B.S. and M.S. degrees in electrical
engineering from Howard University, Washington, DC, USA, in 2001 and 2003, respectively,
and the Ph.D. degree in electrical engineering from the University of Maryland, College Park,
MD, USA, in 2010. She is currently a TCE Advance Professor and an Associate Professor
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wireless brain-machine interfaces and unobtrusive wearable sensors. He was also the recipient of
Gold Prize in the 16th Humantech Thesis Prize Contest from Samsung Electronics, Suwon, South
Korea, in 2010, and the 2018 Shunichi Usami Ph.D. Thesis Design Award from the Bioengineering
Department, UC San Diego. He was also the recipient of a 2017–2018 IEEE Solid-State Circuits
Society Predoctoral Achievement Award.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


