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Singapore – some facts
• Country size
• Economy size
• Population
• Rate of growth

(Paste a better map of singapore

2nd SRC Bioelectronics Roundtable 
(BERT2)

11 Science Park Road 

Singapore, 117685www.ime.a-star.edu.sg
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Outline
• Singapore R&D Framework
• IME R&D Structure
• Bioelectronics (BE) Program @ IME

– Point-of-care diagnostics
– Drug discovery tools
– Miniaturized medical devices

• BE overall collaboration strategy
• Summary
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R&D 
Funding 
Bodies

Academic 
Research 

Fund
NMRCEDB A*STAR DSTA

R&D 
Performers

Universities Hospitals
DSO 

National 
Laboratories

A*STAR 
Research 
Institutes

Industry

Education HealthMinistries Trade & Industry Defence

Cabinet

Research, Innovation and 
Enterprise Council (RIEC)

National Research 
Foundation (NRF)

Singapore National R&D Framework
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Biomedical 

Research 

Council 

(BMRC)

Science & 

Engineering 

Research 

Council 

(SERC)

Exploit

Tech 

(ETPL)

A*STAR

Graduate

Academy

(AGA)

Corporate 

Planning and 

Admin 

Division 

(CPAD)

IMCB

303

IHPC

128
BMSI

97

IBN

81
I2R

327

SIMTECH

260

DSI

182

IMRE

135

IME

149

ICES

128

GIS

190

BTI

111
BII

37

Total number of researchers 

= 2,222

As of Nov 2008

IMB

78SICS

16

Biomedical 

Research 

Council 

(BMRC)

Science & 

Engineering 

Research 

Council 

(SERC)

Mr Lim Chuan Poh

Chairman

Prof Tan Chorh Chuan

Dy Chairman

Ms Yena Lim

Managing Director

Joint 

Council 

Office

A*STAR
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IME Organization 
Executive Director 

Laboratories

Integrated 

Circuits & 

Systems 

(ICS)

Microsystems, 

Modules & 

Components

(MMC)

Semiconductor 

Process 

Technologies

(SPT)

Research Programs

Bioelectronics

(BE)

-POC

-MMD

Nano Electronics 

& Photonics 

(NanoEP)

Sensors &

Actuators

Microsystems

(SAM)

Corporate Services

• Industry

Development

• IP 

•Marketing

• Quality/project 

management

• HR/Finance/IT

• Facility

•Staff: 270 (Researcher: 145) 
–Researcher: 145 from 13 nationalities; 60% with Ph.D. degree

•Ph. D. students from local universities: 65

Research 
Manager

Project 
Office
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IME R&D Structure

Integrated Circuits & 
Systems (ICS) 

Lab

Semiconductor
Process Techologies 

(SPT) Lab

Microsystems, 
Modules & 

Components 
(MMC) Lab

Bio-Electronics
Program (BE)

Nano Electronics
& Si Photonics

Program (NanoEP)

Sensors &
Actuators 

Microsystems
Program (SAM)

• Low-power ASIC 
• On-Chip Op-TX/RX
• mmW, THz

• Optical package
• Low-loss coupling
• TSV

• CMOS baseline 
• Novel processes for 
nanostructures & 
devices

• Si based Microfluidics
• Bio-Si photonics
• BioMEMS &nanowire 

• Bio-packaging• Low-power ASIC
• Bio-electronics

interface

• CMOS/MEMS 
integration

• 3-D device structures

• WLP 
• Vacuum  package
• TSV

• RF, UWB & ASIC
• IC-package co-design
• Sensor interfaces

•Key capabilities to conduct vertically integrated, multi-disciplinary projects
•Design/Modeling, Fabrication, Characterization, Packaging, Circuits and Interfaces

•All programs involve strategic partners from industry, medical centers, hospitals, universities
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ilitie

s
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d
u

stry A
p

p
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n
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Consortia: TSV, MEMS, Biomedical IC
Si Photonics MPW; R&D Foundry
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20 years and >1B$ to bring a drug to market

End Users

Physician

Physicians
Screening 

laboratories

BioElectronics (BE) Program
Motivation, Mission and Focus

Program’s mission: 
Integrate novel miniaturized components 

into complete reliable systems

Point-of-Care

Diagnostics

Drug Discovery

Tools

• Early detection of diseases

Sensitivity & Specificity

Rapidity &  Repeatability

• Personalized therapy

Cheap & Automated

• Increased throughput

Sensitivity & Specificity

Rapidity &  Repeatability

• High information value

Multiplexed data & Complex systems

Miniaturized 

Medical Devices

• Measure physiological parameters

Sensitive & Miniaturized MEMS

Design, Fabricate & Package

• ASIC platform

Wireless interface circuits

Ultra low power consumption

Source : Economics, 2009

Cut costs

http://www.clinical-trials-info.com/drug-discovery-trends/drug-discovery-11
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Point of Care Diagnostics
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POC Research model

Biologists Clinicians

Early detection 

of infectious 

diseases

Early detection 

of heart attack

Rapid stent

implant decision

Cancer therapy 

monitoring

Target Application

Proteins 

in a blood 

fingerprick

DNA or 

Viral RNA 

in a blood 

fingerprick

NUS 

GIS 

NUS-

Duke

NHC

NHC

NUS-

NCI

NUH

NHC

NHC

SGCC

Nano-

electronics

Nano-

photonics

MEMS

Packaging

Fluidics

Integrated 

circuit

MEA

ASIC

Micro

fluidics

Si nanowires

Ring resonator

Cartridge

PCR chip

IME 
Technologies Devices System

Plasma 

separation 

and protein 

detection

Preparation & 

detection of 

nucleic acid 

biomarker

Rare cells 

separation

& detectionFET Nanogap
CTCs in a 

blood draw

EPCs 

in a blood 

fingerprick

NUH – National University Hospital
SGCC – Singapore Gastric Cancer Consortium

NHC – National Heart Center
NUS – National University of Singapore

GIS – Genome Institute of Singapore
NCI – National CET Institute

http://images.google.com.sg/imgres?imgurl=http://fabio93.files.wordpress.com/2009/02/aedes-mosquito.jpg&imgrefurl=http://isroi.wordpress.com/2009/02/22/cara-lebih-arif-menangani-demam-berdarah-dengue-dbd/&usg=__gVbBdP0gXngtdQcmwL-bGYqty4w=&h=263&w=388&sz=14&hl=en&start=1&um=1&tbnid=ha3E6sTcLwmrkM:&tbnh=83&tbnw=123&prev=/images%3Fq%3Dmosquito%2Bdengue%26hl%3Den%26um%3D1
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POC and drug discovery core capabilitiesExisting 
Capabilities

Capabilities under 
development

MEMS Devices 
(microfluidics)

• DNA extraction

• RNA extraction

• Micro PCR

• Plasma separation

• Micro filtration

• Micro mixer

• Dielectrophoresis

• Droplet microfluidics

Detection/ 
Biopackaging

• Silicon nanowire

• Silicon nanogap

• Microelectrode 
array (MEA)
- Impedance 
sensors
-Electrochemical 
sensors

• Surface-Enhanced 
Raman 
Spectroscopy 
Substrate (SERS)

ICs

• Simultaneous 
detection of 
multiple 
biomarkers

• High sensitivity 
detection (<10pA)

System Integration

• Nucleic acid based 
detection (infectious 
disease biomarkers)

• Protein based detection 
(cardiac biomarkers)

Testing and 
Characterization

• Biosensors
- FET
- Electrochemical
- Resistance/Conductance 
based
- Si Photonics
- Fluorescence optical

• Cell based testing
Single cell
- Conventional patch  clamp
-Chip based patch clamp

2D cells
- Real time in situ 
monitoring cell growth and 
drug effects
-Real time in situ cytokine 
from cells and drug effects

• Protein/nucleic acid 
enrichment

• Single cell 
manipulation and  
analysis

• Micropump and valve

• Silicon 
Biophotonics

• Biopackaging 
(enclosed 
cartridge)

• Biosensor data 
calibration 
(robustness to 
sensor variability)

• Differential 
sensing 
(robustness to 
environmental 
fluctuation)

• Rare cell detection 
- Endothelial Progenitor 
Cells (EPCs)
-Circulating Tumor Cells 
(CTCs)

• Si photonics sensing 
system (for low affinity 
interaction for drug 
screening)

• High throughput patch 
clamp • 3D cells 

- Real time monitoring cell 
growth and drug effects



POC focus: Sample-to-answer integrated microsystem

Data processingSample preparation Detection

Sample in 
(blood, 

saliva, 

etc…)

Results
available 

for clinical 

decision

Bioelectronics POC Program

1. Molecular diagnostics

2. Cell-based diagnostics

Early diagnosis of diseases

Nucleic acid and protein 

Biomarker detection

Therapy monitoring

Rare circulating cells detection



Molecular diagnostics 
Decentralized labs/solutions are needed to quickly detect infectious diseases
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Test Jig 
+ ASIC

Probe Station 
+ 4156A

• 255 Nanowire measurement in less than 1 min

• The resistance value from ASIC and probe station  

correlated    

Nanowire measurement platform

nanowire biosensor
testing platform

•

Nucleic acid based infectious disease diagnostics
Extraction +RT-PCR + Cooling set-up 

Protein based cardiac biomarkers diagnostics

Integrated sample preparation and detection chip

back-to-back
integrated
microchip Microelectrofluidic 

packaging

real-time monitoring
of temperature profile

communication

fluidic inlet/outlet 

-

extraction + RT-PCR

Microelectrofluidic
packaging

cooling module

temperature
controller

electrical control 
signal
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An Integrated system for multiplexing molecular diagnostics

Demonstrated 4 serotypes dengue virus within 4 hrs in few drops of 
blood. The virus concentration is equivalent to at least 2 days before fever 

symptoms occur.
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Dengue 1 PNA Dengue 2 PNA
Dengue 3 PNA Dengue 4 PNA

Dengue 1
(1pM)

Dengue 2
(1pM)

Dengue 3
(1pM)

Dengue 4
(1pM)

Multiplexing Specificity

Integrated System Testing 
(Probe station vs ASIC)

Sample Preparation
Integrated Microbiofluidic device

Viral RNA Extraction
Amplification by RT-PCR

Denaturation by super-cooling

Detection
Nanowire Biosensor

Data Processing
ASIC Readout

blood

denaturated
PCR product

results

ssDNA

electrical
charge

multiplexed
detection

ASIC read out speed: 
<1min/ 255 NW wires

Probe station: 
>1hr /255 wires

Ongoing industry 

collaboration



Cell-based diagnostics

Blood
Input

Detection
Electrode Array

Dielectrophoresis + antibody-assisted impedance detection

Integrated sample preparation for point-of-
care processing of small volumes (<100ul) of 
blood

Highly sensitive detection of 
EPCs (0.1% in PBMCs)

Buffer fluidics

Cell repellent coating

Non-EPC cell washed away

Gold electrode 
for impedance 
measurement

EPC attached to specific 
antibody coating

Cardiologists request an EPC bedside detection system to aid decision on the 

kind of stents to be deployed in a patient 
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Drug discovery tools
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Source: Alcimed 2003

Target 
identification 
& validation

Pre-clinical
studies

Clinical 
trials

Screening
ADME

ToxPrimary / 
Secondary

FDA 
approval

Drug Discovery Tools

Process 
control

Pharma Manufacturing

Research model: Drug discovery tools

Application
HT high 

affinity 

analysis

High-throughput 

patch-clamping

Product

detection, 

quality control

Genetic target

identification
Metabolic

diseases

Low

affinity 

binding

Technology

Device

IME

ASIC

Microfluidics

Nanowire

Nano-electronics
Nano-photonicsMEMS Packaging

Microfluidics Integrated circuit

Ring resonator

Ultra-fast 

calorimetry

1536-wells 

patch-clamp 

plate

Highly 

efficient 

SERS

Nanosensors 

for receptor 

biology

Ultra-sensitive 

bio-photonic 

sensor

 

200 nm 

SERS 
substrate

System

Detection Target
Small molecules 

binding to proteins

Ion channel activity

in living cells

Chemicals in 

mixtures

Proteins binding 

to DNA

Biologists & Chemists GIS, IMRE ETC SBIC Industry ICES

http://www.wellsphere.com/linkOut.s?link=http%3A%2F%2F2.bp.blogspot.com%2F_2zjM8YT-Quk%2FSNPKAnB-rSI%2FAAAAAAAAAbk%2F_gOpY3hdnuA%2Fs1600-h%2Ffat%2Bcells.jpg
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Silicon based High-Throughput patch-clamp chip

Single unit 12 laterally embedded 
patch pipettes

2.25mm

-2000

-1500

-1000

-500

0
-100 -80 -60 -40 -20 0 20 40 60

Voltage (mV)
Current 

(pA)

conventional
set-up

chip-based

Multiple captures and recordings on a patch-clamp 

plate of RBL cells

1536 well-plate containing 1152 patch sites

High gigaseal rate >60%

(100 experiments)

Ongoing industry 

collaboration

Ion channel activity response is important to observe for potential drug candidates 
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Photonic Sensor to detect molecular interactions for 
drug screening

Motivation: Low affinity protein-to-protein, protein-to-ligand interaction detection for drug 

discovery and screening is a challenge.  

Current technologies can achieve Kd =10-6M  ~ 10-4M 

Targeted Specifications: Kd =10-3M  real time detection

Fl
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c

O
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t

Integrated
Photo

Detector

Fl
ui

di
c

In
le

t

Laser
Source

sensor array 

Disposable
Biochip
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After

After

Before 

Before

Ring/hole device detects a 200pm λ-shift Conventional ring device: No shift

Photonic Sensing for low-affinity molecular interaction for 
drug screening

Y
Evanescent field

Y

0.2um hole

Ring-hole resonator: Hole increases light-matter interaction

IME’s Device 

-40 -30 -10 0 20 40 50 60

0

25
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100

 

 

 S
hif

t / 
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Time / min

buffer

cTnT 
injection 

Demonstrated detection of 100fg/ml of Troponin T 

ring/hole resonator multiplexing waveguide



BE Collaboration strategy

Industry 
partners

C
lin

ic
ia

ns

Chemist & 
Biologists

B
M

R
C

s
 

 

200 nm 

H1N1

EPC & cardiac 

biomarker

CTC

DenguePharmaceutical 
manufacturing

Sequencing

Metabolic diseases

Drug discovery

Breast 
cancer

Si nanowires Patch clamp

http://www.wellsphere.com/linkOut.s?link=http://2.bp.blogspot.com/_2zjM8YT-Quk/SNPKAnB-rSI/AAAAAAAAAbk/_gOpY3hdnuA/s1600-h/fat+cells.jpg
http://images.google.com.sg/imgres?imgurl=http://fabio93.files.wordpress.com/2009/02/aedes-mosquito.jpg&imgrefurl=http://isroi.wordpress.com/2009/02/22/cara-lebih-arif-menangani-demam-berdarah-dengue-dbd/&usg=__gVbBdP0gXngtdQcmwL-bGYqty4w=&h=263&w=388&sz=14&hl=en&start=1&um=1&tbnid=ha3E6sTcLwmrkM:&tbnh=83&tbnw=123&prev=/images?q=mosquito+dengue&hl=en&um=1
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Miniaturized medical devices
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MMD Core CapabilitiesExisting 
Capabilities

Capabilities under 
development

MEMS/NEMS 
Devices

• Pressure/flow/tactile 
sensors

• Micromirrors

• Ultrasound 
transducers

• Neural probes for 
recording

• Ultracapacitors for 
energy storage

Device interface & 
signal processing

• Pressure/ flow/tactile 
sensor interface IC

• Micromirror interface 
IC 

• Neural recording 
amplifiers

• ULP data converters

• ULP digital signal 
processor

Wireless power 
transfer & data 
communication

• High efficiency 
inductive power link

• Implantable 
passive TRx

• MedRadio/MICS

• MIMO wideband 
TRx for PillCam

Packaging/ 
Integration

• TSV technology

• Miniaturized 3D 
packaging

• Passive device 
integration

• Hermetic 
encapsulation

• Biocompatible 
encapsulation

Testing and 
Characterization

• MEMS device mechanical 
testing

• MEMS device electrical 
testing

• Analog & mixed signal IC 
testing 

• Wireless IC testing

• Hermeticity testing

• Reliability testing 

• Strain Gauge sensors

• Thermal sensors 

• Neural probes for 
stimulation

• Energy scavengers

• Ultrasound 
transducer interface IC

•ULP voltage converter 
& power management

• Neural stimulation 
interface IC

• High-data-rate 
wide-band TRx for 
neural recording

• Biocompatible 
flexible 
interconnection 
cables

• Biocompatibility testing 
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Summary

• Recognized world class R&D capabilities
• Dedicated commercialization teams and framework
• BE @ IME leverages across entire microelectronics value chain and 
strategic collaborations to develop biomedical solutions
• Semiconductor industry’s expertise in making high quality complex 
devices at low prices is definitely needed !!

Come visit us in Singapore!!
(www.ime.a-star.edu.sg)
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Infocomms and Consumer 
Electronics   17%

Data Storage   12%

Electronic Modules 
& Components  4%

Semiconductors
55%

Computer Peripherals 
& EMS         12%

2008 Projected 
Electronics Mfg 

Output
S$68 billion

S$31 billion
Source: EDB

18

•Semiconductor Industry
• 40 IC design companies
• 14 wafer fabs (3 12”)
• 20 assembly and test comp

•World-wide market share
• 6% (1998)12% (2008)
20% (2020)

Singapore Semiconductor Industry
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R&D Strategy: Top-Down Approach 
•Research driven substantially by commercial applications as the end goal

•Joint development of new capabilities with strategic partners (industry, 

hospitals, biomedical institutes, universities) by sharing of talents, costs, risks

Nano, Bio, Photo Devices

CMOS & MEMS Process

Integration

Interconnect &Packaging

Integrated Components

Integrated Systems, End Users

Semiconductor
Manufacturer

IME
R&D Foundry

Universities
Professors and 

Ph.D Students

Circuits & Sub-Systems

Develop new capabilities
for new applications 
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CMOS Si/Ge Nanowire Technology Platform

CMOS Devices Beyond 22nm

Integrated OEIC Sensor Array

m-Chip-NW-TEG, TEC

Technology Platform
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Vertical SGT 
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OUTPUTINPUT

VDD

GND

6 NW PMOS

2 NW NMOS

OUTPUTINPUT

VDD

GND

6 NW PMOS

Low-Power Logic & 

High-Density NVM

Biosensor Array with 

m-fluidic channels

Integrated Energy Harvesting & Storage 

http://www.wirelessdesignonline.com/article.mvc/A-First-In-Integrated-Nanowire-Sensor-Circuit-0002

