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Cleanroom Area

= ~1.000 m2Class 1
Technology

= SiGe BiCMOS
Wafer Diameter

= 200 mm
Technology Level

= 0.25-uym & 0.13-ym
Operation Mode

= 24-h, 7 Days/Week
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More than Moore Activities at IHP

130nm

Non-digital content

90nm :
stem-in-packagd

65nm Informatio\

Processin
45nm 9
Digital content

32nm :
bystem-on-chip
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22nm

Baseline CMOS: CPU, Memory, Logic

16 nm/

Vv CMOS Source: ITRS Roadmap 2010
—

$IEEE W\ L
(~)

WES-5 HAWALI'I 5 ;G; Kcatch the wave!
>




o IMS

Connecting Minds. Exchanging Ideas.

Moore’s Law and More

r Il I I I B B . -‘

Baseline RF HV Passives| Sehsors, Bio-chips,
CMOS Memory Power @ ors Fluidics :
S

“More Moore”
“More than Moore”

Computing & Sense, interact,

Data Storage Empower

Source: ITRS, European Nanoelectronics Initiative Advisory Council (ENIAC)
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Why microfluidics is of great interest?

* Low consumption of reagents and sample-cos uction
* Miniaturization and integration of device-

Kp@ stems

Overall system is still in macro size! fs

Contact Module

/ with ASIC - =
{ Fluidic J { Fluidic valves J Oy —

* High sensitivity
* Faster analysis

Channels and pumps Reagent

reservoirs
CMOS Sensors & with pumps
[ Transducers J
Detection
Velocity/Viscosity Area
\ meters /

PCR Reverse Lysis

(up to 95°C) Transcription ~ Chamber

. .. (Up t0 95°C) (95°C)
Microfluidic system components * Courtesy of Fraunhofer ENAS
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Advantages of BICMOS Based =

Microfluidics

* High level of mtegrationéMmiturized
»  Wafer-level fabrication—>High throu

* Combination with high freque onics
— No additional assembling
— THz sensing
— Higher sensitivity

* Chemical, thermal echanical stability

Main Goal of “Technology” on Microfluidics:

e Combination of the BiCMOS tech. with the microfluidic tech.
 Minimize the distance between the fluid and the BiCMOS

sensors for higher sensitivity
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Microfluidic Technology in BICMOS

Inlet & Outlet

* Integration of microfluidic channels into BiCMOS technology to
enable BiCMOS technology for future microfluidic applications

* High integration level for ultra-miniaturized BiCMOS microfluidic

technology
$IEEE 7W\
WFS-5 HAWAT'I 5,@; Mcotch the Wave! o) .



o IMS

Connecting Minds. Exchanging Ideas.

Microfluidic Technology in BICMOS

Transparent Substrate ~
5] ' o b

i}
Devices Devices

* Integration of microfluidic.channels based on wafer-level adhesive
& Si0,-Si0, bondi
* Advantages:
* Transparent glass substrate for optical inspection
*  Minimum distance between sensor and liquid, adjustable channel

dimensions
* Separation of electrical and microfluidic interfaces
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Microfluidic Technology Development

BEOL tion Layers

ez 2 |
T lon lines,
— T ors, ~ ~15 um
S ee— capacitors,
—— ~ Ias etc.

Sensors

| - , FEOL

e ]_ = Transistors, -
i = Poly-resistor

= Diodes, etc.

Bulk Si
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Microfluidic Technology Development

* Achieving goal with 3-wafer stack
— Device wafer with circuitry and.sensors
— Channel wafer
— Glass wafer

«aief MICI’OﬂUIdIC channel e p——
o5 in BEOL : ;
OV trapping and sensing

! L afet /
- %,‘C“’ \4‘05\'\‘& B t*—t’z_
WO } ,
ov ﬁ“% FEOL electronics
qﬁ *ﬁ““j (Transistors and etc...)

19\ Vertical microchannels
s for inlet and outlet

|
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Microfluidic Technology Development
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Microfluidic Technology Development

* Wafer Bonding 1

— Plasma assisted oxide-oxide fusion bonding
— Between device wafer and channelywater

* Wafer Bonding 2
— Adhesive bonding
— Between glass wafer and deviee+channel wafer stack

é=\\afer bonding 1

Lt

Wafer bonding 2w

= =
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Microfluidic Technology Development

Electrical sensors are in the microfluidie.channels
Decreasing the distance between th r and the fluidic

interface @
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Microfluidic Technology Development

microfluidic channel

electrical
Sensors

100 pm EHT = 1.50 kV 45X 0.0°
WD = 3.5mm InLens
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Potential Microfluidic Components in

Trapping electrodes

/

)

BiCMOS .

RF sensing electrode

D B
D
Microfluidic channel
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Trapped cell for analyses

Trapping electrode
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Summary

* Microfluidic integration based on wafer-bending

* Mm-range distance between the sensorsand biological
samples

* Seperation of electrical and¥fluidic interface
» Wafer-level integration for [ow cost

*  Combination of\high-performance BiCMOS technology with
microfluidics

* Low freq. and mm-wave bio-sensing development for ultra
miniaturized microfluidic technology
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