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What and Why “Microarray

— What is Microarray ?

— Why using Microarray ?

Biological information

Microarray

Biological
sample
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Classification of microarray
printing techniques

Photolithography manufacturing technique

Droplet-Injection Printing (Non-Contact method)
* Fluid delivery by injection onto substrate

 Active sample pickup =l
* Programmable print volume m—————— -
= ® oo,

Pin-Printing (Contact method)
* Fluid delivery through contact pins onto substrate
* Passive sample pickup (pin dipping)
* Fixed print volume
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Photolithography

Manufacturing Technique (I)

49 Probe Arrays Per Wafer

(Not to Scale)
. 0.005cm

. . GeneChip™ Probe Array Feature
Light-directed 16,000 to more than 100,000 . .

. . Individual F Millions of Identical
ol Igon ucleotide naividual features Probes Per Feature

) Per Probe Array (Not to Scale)
synth esSIS (Actual Size)
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Photolithography
Manufacturing Technique (ll)

ULTRAVIOLET LIGHT

LASER BEAM

GLASS SUBSTRATE SILICON WAFER WITH

LAYER OF PHOTORESIST
CHROMIUM LAYER (fI'OIIl SCIAM, 2001)
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Photolithography
Manufacturing Technique (1)

chemical
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Advantages: | Disadvantages:
* no cloning, spotting and  « high cost process
no PCR requlred.  lower chemical step yields
* high feature density e low manufacture flexibility
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Photolithography
Manufacturing Technique (1V)

DMD, a solution for flexibility,
simplicity and reduced cost

DLP Board

(WWW.TL.COM)
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Pin-printing system

Vacuum |
Wash Station |
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VacuumiHold-
Down Slide Nest
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Microarray Printing System (l)

Function:
General requirements:
- robust for long-period use
- automation with little/no user
intervention
- high precision
- high reproducibility
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Microarray Printing System (ll)

* Printing system includes Hardware &

Software
 Hardware:
- print head
- plate and substrate handling
- XYZ-positioning stage
- enviromental control system
« Software:
- instrument control software
- sample tracking software
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Microarray Printing System (lll)

Input Source Plate Stackers

Wash Stations

[ | |

Output Source Plate Stackers

afunafainfuifil}

Input Slide Stackers

il

Array Slides

101

blssimselnees

Output Slide Stackers

Input Stacking Module

Pin Array Transfer Module
(100 source plates, 300 slides)

Output Stacking Module
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XYZ-Positioning Stage

Requirements:

* Repeatability

* Accuracy

* Resolution

* Traversing velocity

* Positioning feedback

Maximum traversing velocity Resolution N
Accuracy N; vice versa.

Encoded stepping motor [1 Resolution & cost #
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Loading samples
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Examples of Printing Head

Up to 64 pins

(www.cartesiantech.com)
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Pin Spacing & Spot spacing

»| |4

9mm or 4.5mm, ...

<€

< Spot spacing | |+ Spot spacing

>

Pin spacing (e.g.4.5mm)

Pin spacing = spot spacing x N
N should match for the use of well plates
(96 (8 x 12) or 384 (16 x 24)).

N spots from Ist pin N spots from 2nd pin
- N — ™
0000 0000
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Deposition Process ()

Sample A1 B1 C1 D1
Cycle 1 Pin A1\. Pin A2 e Pin A3 o Pin A4 o
I*——45mm——4

A1 A2 B1 B2 C1 C2 D1 D2
Cycle 2 \.\. \.\. \o<\> \ol

A1 A2 A3 B1 B2B3 C1 C2C3 D1 D2D3
Oycle 3 N b N N

A1 A2 A3 A4 B1 B2B3 B4 C1 C2C3 C4 D1 D2D3 D4
Cycle 4 N \bdd N N
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Deposition Process (ll)

16 spots
CyCIe 16 0000000000 000000 0000000000000 0Q0e 0000000000000000 00000000000 00000
v
v
v
‘Fv t ‘1 0000000000000000 0000000000000000 000000000000 0000 0QQ00Q0000000000
ate (11] (11J (0] Qe (o]oYo} (o103 000000000000 0000 0000000000000 000
000 000 (] 000000000000 0000 0000000000000 000
000 000 °] 0000000000000000 0000000000000 000
(JJIXZXIX] (X1 XJ 0000000000000 000 000000000000 0000 OQQO0000000000000
C.OQC.OQQ...QC'Q 0000000000000 000 000000000000 0000 Q0000000000000
f”bﬁe.z 000060000060000000 0000000000000000 0000000000000000 00000000000 00000
0000000000000000 0000000000000000 0000000000000000 0300000000000 00
(11 ZJ 0000000000 00000000000 o0 000000000000 0000 0000000000000 000
0000000000000000 0000000000000 000 00Q0000000000000 0QQD00Q00000000000
0000000000000000 0000000000000000 000000000000 0000 0000000000000 000
Plate 3 0000000000000000 0000000000000000 000000000000 0000 OQQ 0000000000000
000000000 (11 XJ ........... o0 000000000000 0000 0000000000000 000
00 00 (] (o243 000000000000 0000 OQ00000000000000
0000000000000000 o0 0..00.000..00 000000000000 0000 0000000000000 000
00000000000600000 0000000000000000 000000000000 0000 0QQO 0000000000000
Plate 4 9000000000000000 0000000000000 00Q 00000000000 0000 0000000000000 00
000000000600000000 0000000000000000 OOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOO
(I 12 (o] Q0000000000 00000000
(1 X J (1 1J (o] o0 oe OOOOOOOOOOOOOOOO OOOOOODOOOOOOOOO
CyCIe 384 —} 0000000000000000 0000000000000000 000000000000 0000 0000000000000 000
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Characteristics of the pin-printing

* Pin-based transfer
« Simple and inexpensive
Transfer process

1. Pin dipped into sample (Volume held at tip by
surface tension)

2. Pin touched to surface to leave spot
3. Pin washed and dried

* Fixed print volume

« Spot volume dependent on several factors
— Pin surface energy and shape

— Sample solution properties (viscosity, surface

energy)
— Surface properties (surface energy)
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Variations of Pin-design

 Solid pin:
- simple & robust
- relatively small loading volume
- printing process rather low

& Hollow pin:
- hold larger sample volumes for each stroke

- fragile & difficult to clean
- susceptible to rust for high salt solution

- relatively expensive
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Working Process for Pin-and Ring

(a) Loading sample by
Ring

(b) Printing sample by
Pin

Sample free surface

(from Schena)
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Example of Hollow Pins

Arraylt ChipMaker Pins
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Print head

 Requirement: pin should be held, but can move
freely up and down (by spring/gravitation) during
contact with to the glass surface.

« The spacing of pins or nozzles is restricted by
the geometry of source microplates.
96-, 384- and 1536-well microplate have center-
to-center spacing 9, 4.5 and 2.25mm

o6-well (8x12)
micr0p|ate " e ST TN

384-well (16 x 24)
microplate |
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Examples of Print head Matrix

Up to 64 pins

N T

'JIJWWWM il
O

Telhem Arrayltm

Stealth Printhead (SPH48)
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Loading sample & Pre-printing

% Pin should not dip too deep into
sample
% Pin can touch bottom of well

% 10 to 15 uL in 384-well plate

N\
First 30 spots
from one pin
(Cy3-labeled
oligo)
EREA  cximmimnie 0 REIERETASS FEN e
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Preprinting of Sample Loading

* The preprinting is necessary to drain excess
sample solution from the pin

 Empirical best results from 1mm-layer (4-6pl) or
microplate

Spot Variation, 10uL Source Volume Spot Variation, 35uL Source Volume
12000000 20000000
o O
o 18000000
o A
10000000 { O o
16000000
° =
8000000 ° 14000000 o ALA
2 AJO z -o a
z . A Ooo o . o . £ 12000000 Oma
= MO % [eYo) ™1 (o] g OPin1 E ‘A OPiIn1
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2 oA [ o f [o} 8 @ 2 ,@! APIn3 o l; APIN3
[ 3
H 102 Mo © 88, 58 AAOAM by OAAAOAAAO A g AA%QAAAAAA § 8000000 OQ%,;?AA
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6000000 A
4000000
2000000
2000000
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0
0 10 20 30 40 50 60 70 &0 % 100 0 10 20 30 40 50 60 70 80 90 100
Spot Number Spot Number

N P WY N e 7oz e Lo o A b R - “* B
T % 5 REMMHAR F S ), RETEHLEERT S (% S S R
— } £l # H L

—  Center of BioTechnology fr"__._? ' Opto-Electronics Teaching Resources Center =~



Microarrayer test rig of the NTU-BIOMEMS
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Sampling test for the Plate and Pin

hy(mm)
g 1.00
A exp. data :
— fitti 1 :
— fg‘ggg ggrrzg 2 | pln ho (mm)
1
Ca<0.01
oCa>0.01
o
T 0.1
A v ]
1.00E-05 1.00E-04 1.00E-03 1.00E-02 1.00E-01
Ca ( Capillary number) L L Ao
1.00E-03 1.00E-02 1.00E-01 1.00E+00
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Advanced sample-loading technique

AFM CANTILEVER THIOL MOLECULES

DROP OF WATER

GOLD SURFACE

SELF-ASSEMBLED
MONOLAYER
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Pin Washing and Sample Carryover (I)

Pipette tip
2.25 mm

Tendril of
pool ﬂUld\ High acceleration

Pipette tip
2.25 mm

/ Approx. location of jees
A stagnation point

B\ Surface-paralie t=12.1 ms t=13.7 ms

\xvelocity gradient

Drop fluid

Dooley et al. (1997)
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Pin Washing and Sample Carryover (ll)

* Purpose of pin washing:
prevent sample carryover that complicate
the hybridization results

* Procedure of pin washing:
dip the pins into distilled clean water,
remove the wash water with a vacuum,
repeat the two process some times till the
sample carryover <1 part per 10000,

drying
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Droplet-Injection Technique

Advantages: No carrayover

e ey |
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Types of injection Technology

Operation modes:

(a) Continuous Mode

(b) Drop-on-demand
Mode

Thermal Solenoid Piezoelectric
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Inkjet Technology (I)

Continuous Mode: SOpm
Drop generation rate: 80k ~ 1MHz
Drop size: 20 pm ~ Imm (typ. 150 pm )
Deflection Plates
T Transducer  Charge High Valtags Substrate (20kHZ)
; Electrode — Motion into
- __:._-;-_'.:| Fage }
et °
» SLj;hstrate o
|
Character Data ~ Catcher
—@-+ ~100um
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Inkjet Technology (ll)

Drop-on-demand Mode:

AVol.= Ap=fluid velocity = drop generation
simple, greater energy needed, smaller drop

Substrate
hdotion

LI [_1]

Transducar

[piezo or hegte ) Substrts

Qrifice

Oata Pulse TAn

Fluid =t
Chamactar Ambient
Data Pressire
From MicroFab
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Inkjet Technology (lla)

130ps interval)

From MicroFab
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Inkjet Technology (lll)

96-nozzle print head

chuyed for

(from MST news)
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Inkjet Technology (1V)

Influence Parameters of injection:.
* Orifice diameter(Orifice diameter A = Drop &)

» Pulse width effect = crom MicreFat
\"-:-Ia;;a-
" . 30
. F|UI.d propertles A ,
(VISCOSIty’ 10 = initial fluid |
" ExpAnsian .. flsid
density, u B
surface tension... v oy
-1‘-:1.— delay for pressure -«
a0 wave propagation .
0 20 30 40 a0 &
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High-Speed Printing

o Valve, syringe and stage are
synchronized

! -

e "On the fly” printing
o Very high print rates (4-8
slides/s)
%
IIIIIIIIIffIIIIIIIIIIIIIIIIIIIIIIIIIII R >
stage .
stepper syringe
stepper
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Novel Test-Rig for Drop-film Interactions

B — A kg g e & Impact onto thick films
BEBERBERBRERBERZIGSNE
- Physics of Fluids(2000/09)

Impact onto thin films
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Splashing Threshold of Drop Impact

g EX B & =2
J& P 151 %—E & h KA, — Splashing Threshold
53 —=\-)1.—=\- :
R G T geee <« Film__{ Pool

b g R RS LA
(Splashing Region) Wecrmax

(h (1) (1 E[IV]

Wecr,min

(Spreading Region)

HI-II HII-III HIII-IV
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Design of Bio-fluid system

(A) B Xk

(B) & A APk

%— —
H/H=H /H=0.175 > =0 h/d, r=x/d
| d
‘ il > <
X f — 4 (pd
* — d=0.5mm l
—
H
= \ i h y
w .
////////////7///////
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Design of Bio-fluid system

,/H=0.175
(case 3b)

3.

/H=0.425
(case 2)

o

2.

825

(case 6)

JH=0
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Design of Bio-fluid system

1. Re=0.622 2. Re=1.870 3. Re=18.703 4. Re=187.032
(case3a) (case3b) (case3c¢) (case3d)
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Injection Washing Technique

|
Simulation & Experiment |
|

| 0
@ __
|
|
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Advancing interface technology

wetting

Non-wetting

Darhuber et al. (2000)
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Concluding Remarks

—Microarray 1s a useful tool for
gathering systematic information

—The manufacturing techniques for
microarray and microfluid system
have showed their significant
progress 1n the last decade and are
expected to have further and faster
improvement 1n the near future.
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