¢ Introduction

# IC Packaging Evolution

Time and Packaging Efficiency

LOQFF = 100%,

FBGA = 35%

WICSP = 19%
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1. Reliability Testing ( Conventional Procedure, DOE )

sLabor Intensive
*Long Cycle Time (e.g. a

Accelerated W Mass typical cellular phone
Life Testing Production requires 4-7 iterations,
4-8 weeks per iteration)

*Lack of Physical Insight

Build Large

Quantity of
Prototypes

2. Reliability Modeling ( Optimized Design Procedure )

Simulation

and Process Build Small
Modeling — M_ode_l Quantity of Accelerated HIIN Mass
Validation Prototypes Life Testing Production
Build Test ) i .
Vehicle *Cycle Time Reduction (2 times)
«Computation Intensive

3. Reliability Modeling ( Optimal Goal )  .cycile Time Reduction (10 times)
Computation Intensive

l Simulation Physical Insight

:nrgddzll;ﬁ;ess Model HEN Mass
Validation Production

Build Test
Vehicle

o —

1 mbkh =L AI TTLI} )




Software Tools for MEMS

< Layout tools
= MEMCAD
= Intellisuite
= L-Edit
& Process Simulation Tools
= Avant! TCAD(TSUPREM-4 for semiconductor)
= Intellisuite

@ Device Simulation Tools
= MEMCAD
= |ntellisuite

=> ANSYS
= NASTRAN

= ABAQUS
T
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MEMS
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Inte"iSUite DXF, GDSI|

Fabrication &) Intellimask™
Simulation Layout Tool

Process Simulation and
Standard Foundry Templates

Meshing

Automatic and Interactive

Mesh Generation and
ﬂ Thin-filrm Material Database Refinement

&) Anisotropic Etch Simulation

i~ .
Device
Performance
Analysis
1 &) Electrostatic, Mechanical, 1
Usar's Thermal, Fluidic, Magnetic, ANSYST™?
Fabrlcation Dynamic, Piezo, Package ABAQLIST™M™™
Lata Fal .:AH.._--.--

|

Device Behavioral Model
Device Optical Model
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Intellisuite

--Fabrication simulation

p’} Mirror.fab - IntelliFab

File Process Construck Simulation Database Help
DSHE| 4 BB|(S 7N
[=1- Deposition | |Definition Si Czochralski 100
E-al Etch 8i Clean Pirahna
Evaporate Deposition Si3N4 PECVYD Ar
Sputter Deposition Ni Electroplate Ni_plating
- Bulk Definition UY Contact Suss : 5
g :203 Etch Si3N4 Wet Sacrifice MEMaterial - [5i3N4_PECYD_Ar]
. Deposition PolySi LPCYD Standard , H 5 .
g ir Etch PolySi General General 2 File Edit Yiew Show Data MWindow Help
Deposition Al Sputter Ar-Ambient T | E= | | | [T
P E
g--HMDS Definition U¥ Contact Suss D L= E ‘:ﬁ' E % ? *'? ﬁ‘& ﬁ:m'\
Etch Al Wet PAN -
[+ PR-AZ5214
- PR-KTI-G20 Deposition Au E-Beam E-Beam Si3ng PECVD  Ar =
[ PR-51400 Definition UY Contact Suss
- PR-51800 iEtch Au Standard Standard -
- PR-53600 Property VYalue Units Comments
[+ PR-SPRE
e 3TRESS s00, MPa meas
g ;E?TF‘:UUSU DEMSITY 2,55 gfcm3 meas
-Syskem:
- Polyether CTExp 16, 10(-FiC meas
[ SAL110PL1
Bl ¥P-001044 YOUMG 200, GPa meas
POISSON 0,27 cansk meas

REFR_IN  2.05 consk meas




Intellisuite
--Mask Layout

EIntelliSuite Mask Editor - [mask31.msk]
"=5 Eile Wiew Create Edit Controls Mfindow Help
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Intellisuite
--Performance Analysis

?'Er_ElectrDMechanical Analysis - [gadget.save]

Mesh  Anal

tion Mode




MEMCAD

*Device layout and construction
*Device modeling and simulation
*System modeling and simulation

PHYSICAL vV Vv y BEHAVIORAL

Electrical and MEMS

. Syatem Other
Mechanical " 20 Layaut & Modeling ‘P Syslem Domain

ﬂ.::?::::hmﬂm 30 Modeling & Simulation Simulators

Physical Domain
Device Analysis
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MEMCAD

Visualizer view of a MemMech solution

Pressure sensor slice plane interior stresses

Mizes Stress

3rd Inwarianl Stress
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Process Simulation Tool
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TSUPREM-4

*One and two-dimensional process simulation program
-Simulation etching, deposition, lithography, implantation,
diffusion, epitaxy
*Output
= Boundary of the various layers of material in the structure
= Distribution of impurities within each layer
= Stresses produced by oxidation, thermal cycling, or film

deposition
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TSUPREM-4

--One Dimension Simulation
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Layout Tool
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L-Edit

--Layout Tool

L-Edit is a computer-aided design tool used to create
photolithography masks for integrated circuits and MEMS device:

-:-.. Call Eetp Tooks Mindos  Holp o e
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OThe Menu bar (adjoined tc
the Title bar).

@The Standard toolbar.

®The Locator.

@The Drawing toolbar.
®The Layer Palette.
®The Mouse Buttons bar.
®@The Layout Window.
®The Status bar.
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Finite Element Program
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ANSYS

*Structure analysis
*Thermal analysis
*Electromagnetics analysis
*CFD analysis

*Acoustic analysis

FUL UL

MEMS comb drive has been modeled using MEMS thermal-mechanical
electrostatic-structural coupling. actuator device
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ABAQUS

General Analyses

«Static stress/displacement analysis
*\/iscoelastic/viscoplastic response
*Transient dynamic stress/displacement
analysis

*Transient or steady-state heat transfer analysis

Coupled problems:
*Thermo-mechanical (sequentially or fully
coupled)

*Thermo-electrical

*Pore fluid flow-mechanical

*Stress-mass diffusion (sequentially coupled)
*Piezoelectric (linear only)
*Acoustic-mechanical (linear only)

Fle Model Comms View Fesll Pt Animsle Raport Oplom Toals Haip
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MSN/ANSTRAN

‘Linear Static Analysis
*‘Non-linear Analysis
‘Buckling Analysis
‘Heat-Transfer
Analysis

‘Dynamic Analysis
*Optimization Analysis
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Other Software Tools for MEMS

*Anisotropic Etch Simulation

=> Anisotropic Crystalline Etch Simulation(ACES)
= Anisotropic Silicon Etching Program(ASEP)
=>SEGS

‘Process Simulation

=>MEMS Pro
=>MEMS Xplorer

*Fluid flow Simulation

= CFD-ACE
=>Flume CAD
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Kaou et al. ,2001

Electrodeposited
Nickel pins

Waveguide wafer

V grooves

)penings for pin
1sertion

Silicon wafer




Waveguide Wafer

Microconnector

aveguide




Silicon Wafer

V-Groove

Membrane




Assembly

| | L |




Geometry of Optical Modulus

on Wafer




Finite Element Model

3D Solid Element with one
integrated point

Element No : 10,294
Node No: 13,762
D.O.F. : 41,286

Unit:mm-Kg-Sec




Material

Young’s Modulus(GPa)
Density(Kg/m?3)
Coefficient of Thermal Expansion(CTE)(ppm)

Possion’s Ratio

Nickel
176.0
8900
14
0.31

Silicon
112.4
2330
2.62
0.28
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Part2 Automatic Surface to Surfac
Part4 Part1-Part4
Part3 Part2-Part4
Part6-Part4
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Introduction

NTT

FCE

interface

Optical 170 Packaege LS MJ/ J_J
=

Optical 10 Packaee

Microlens Optical Wavesuide Laver

Package withopticd  Surface-emitting

/’ | asers/photodiodes

Microlens

FCB

-
~
Seded with
/pblymer resin
E‘\mer optical http://www.ntt.co/jp/
waveguide




Introduction

Emitting device (1300nm band LED) _-Photodetector (photodiode)

P s -Lowspeed electrica f;

PCB— ¢ .-" signal wiring E—
" Ln_n_;n}_ﬁp ‘Fﬁ\'—‘n‘n—{a* ic
Optical = ﬁ—r? ;"m—nk 3 —

interconnect -y

boad ! i 3mm .
/ |"I | (1) Light collection
-I-. - ll- 1, -
S Mirrer”T = -.x .‘\ : - microlens
| Ciffraction | attice
(1) Collimation microlens 2) Diffraction (3) Microlens for reflective @)

|attice relay (about 2mm square)

http://www.oki.com/en/




Introduction l
ASET

Through-hole Photodiode with
Surface-emitting laser with | Surface-emitting _ )
through-hole electrode - : laser drive 1C Ceramic submount fhrough-ole electrode _PReceiver IC for photodiode

About 120pm

Meta post
|

INterposer Interposer

Submount with surface- _—
emitinglaser (T ansmitter)

Submount with photodiode —
(receiver)

http://www.aset.or.jp/
CSM




Introduction

!< 7.5 mm >

o ) C

0.35mm I

Waveguide Quartz

Ball pitch: 1.27 mm
Out of consideration: - microlens

w reflective mirror
CSM




Literature Su

rvey

PD array LS| VCSEL array FD array

Interposer I \

VCSEL array

Microlens array e

Solder bumps

N N

Polymer waveguide

Optoelectronic device

Microlens <

Solder bump
Waveguide

Polymer
encdpsulation

Mormalized coupling efficiency
1
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Lo Qo

DNA

Negative supercoil Relaxed

= @) B8R NE *25H8Y

Positive
supercoil
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DNA % |+ (Denaturation

) . Strands
Native double helix R
unwinding
R G S AL S B
SR AV EEAG IR DT AeE2E8

[ Denaturation BE{EF

Separated
strands Double helix reformed
paxeal 0] FBRZALEERR IR NE

Renaturation ?’E’}“EEVEFFJ

Absorbance

5=

ﬁgﬁé TR

Transition range
IR
Completel
Unwinding of unwound
double helix double hel
WARRHTERR /o SRR
i Soe R
1 Tm )
i (transition
: temperature)
 IBEIRE
¥
I T
70 S0 a0

Temperature (C) SRE

A =260nm
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Dimeric replicative clamp”
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DNA Structure

Watson & Crick’s double helix
DNA proposed on Nature, vol
171, pp737,1953 >

: _-,'.r."

+=2¥Minor

- '
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i =
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This figure is purely

{!iagmm"inmic_ The twao . g roove
vibbons symbolize® the E -

two  phosphate—sugar r

chains, and the hori- - o

zontal rods the pairs of
bases holding the chi&ins
.E_:]-gether. "l"]len".'crt-iﬂltl




Chemical Composition of DNA

Adeni
emneJ Purine

Guanine
Th ymfnﬂ

Cytosine | Pyrimidine .
3’ 12 Uraci P
; Ribose * ‘O-P=0 ' PO,
| Deoyrbose ¥t |
E Nucleoside (Adenosine)
Nucleoride (Adenosine monophosphate, AMP)

Cytosine () ﬁﬁ} [ Ptdenine (&) éN | H‘Pl“l . :(/ \i/H ﬁ;/}
Y7 e Y /QED gf]'x‘zf?r‘f"/%\ M o ( e 4
: o g
Thymidine (T \flf" Cuanine (G) ¢ ]'\)LNK | -l
SET T A B R A
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b

Large groove

in duplex (=22) <

i f ot

Small groove

m duplex (~22 )

The two strands have %
opposite polarity
(antiparallel)

—
¥

FRAS S AEF

G = 34
Length of ane
K " =
complete tum

/

EW B

Geometry of DNA

FLEH 2

Twist for each two
bps, 36°(B-Type)



DNA conformation

S-DNA P-DNA




The linking Number-- Definition

. ”;’ Writhe=3, Twist=0

B. }
W Writhe=0, Twist=3

Tw
Wr

L =Tw+Wr




Degree of Supercoiling (&&=, )

L —L N
c=—— [ o~
L, 10.5

o : Degree of Supercoiling

|

1

N,, : Total Number of base— pairs

if

o >0, overtwisted

VN A XA A

ANATANEATE A .|

o <0, undertwisted

\

usually, B—type DNA o = —0.05 (in vivo)



DNA Strength Diagram -,

150 Nlc;ked DNA(ssDNA)

Sample:
—slgma—ﬂ "'..
- 8 ../ dsDNA, 44kb ~
1ﬂEger JFI"SqrKe R} Jo Bourdiéuj|L., — —
i‘hatenay, D. and Marko, JlepaSteuctural ' 1496/& m, I-ko_TWO

gTranSIt/ons of a Twisted an

4200 (44kb/10.5~419(

N

: _ 120 t

id\Bokque, " PRE, vol 100 [
. . -1-054 o '

63, no. 5, pp. 051903-1-¢3 903-10,2001 -

0. et
0.2 0 06 08 14 1.2 14 16 1.8 a0 t
Extensio e =frm fully extended length) 20 |
0 06 1 1t4 0 0?5 1

(a) Extension Length Frac.

@:O~10pN, to remove bending from random coil

Force {pN}

@:10~65pN, Almost linear stretching elastic constant
@:S—DNA, 65pN plateau, 1.7 times longer than B-DNA



s LIV

Under twis t@;ﬂ A
bps/turn——~375
150 .
@ | pitch per turn :
—Sigma=0 I( .
o= ] (extension)*(0.34nm)*(37.5)
% 100 “—Sigmien-0e38 1 21.675nm
2 j
n H
2
= ] P'S w0
8 %0 _sigma=-0.774 | o 1wl Z
Q : 2 ol z
e —Sigma=-0.833 g © R
-~ Nicked DNA 2 | £ oor sar e
0 i @ 2o-l ' . 20| i1z
02 04 06 08 1 12 14 1.6 1.8 e e By sy

(b) Extension Length Frac. (d) Extension Length Frac.

Extension (relative to B-form fully extended length) 5 =0 5 —-0.714
(1): ¢ =0, unnicked DNA, 110pN plateau appears(S+P Type)
(2): at 0 =-0.1, ~50pN plateau appears

(3)at 0 =-0.7240.05, the 110pN plateau disappear.

Def. S-DNA, pitch per turn~22nm, 37.5 bps/turn



F=L I\

Over Twisted

140

=Y
i
(=]

s
100 _
'E —Sigma=0
3 gg
9 —Sigma=0.714
2 60 o ol S
@ : 120 b ' 20} P
b 40 ok 7 _ 100}
IE j % 80 g 80 |
20 g e g ol
40 40 F
0 : # e 21y sc}-P
02 04 06 08 1 12 1.4 16 1.8 " 0 os "6 T ia o 05
(fy Extension  Length Frac. (h) Extension Length Frae.

Extension (relative to B-form fully extended length)

0g=0.357 ¢=1.071
(1):A new plateau at 25 pN



Principle of Optical Trap

« We could apply force on micro-particle by optical
pressure, and trap and control the micro-particle.

(a}Optical Levitation (bjDual Beam Trap

« Single Beam, Highiy 1ocus, 1arge sona angle - single
beam optical trap

« Gradient Force: orthogonal to light ; Scattering Force:
parallel to light



Brief History of Optical Trap

A. Einstein: Photon Model

A. Ash
A. Ash
A. Ash

Kin(1969): Optical Pressure experiment
KIN(1970-1980). first laser trap (Ar Laser)

Kin & S. Chu (1986): Single Beam Optical

Tweezers

A. Ashkin (1987): manipulate cell by YAG laser
(1064nm)

S. Chu (1997): Nobel prize: laser cooling



Preliminary Theory Study: RO Model

RO (Ray-Optics Model)
Describe optical trap by geometric optic and momentum change of
photon

micro-particle diameter larger than wave length

Gradient force:

refract photon while laser enter micro-particle,
which cause momentum change of photon.
Base on Newton Mechanics, there are force ac
on microparticle

'_ Scattering Force:
Part of photon reflex upon micro-particle, whick
cause axial force




Preliminary Theory Study: EM Model

 EM model: Electromagnetics model
« Base on the EM theory and micro-particle being polarize

* micro-particle diameter smaller than wave length

Gradient force:

As the laser polarizes the object, the object
experiences a force in the gradient of the
electric field

Scattering Force:

Light being reflected or absorbed by the particl
The scattering force is proportional to the optic:
intensity.




Basic Optical Trap Instrument

Mator zad

Translation Stage

Power Power
Control CBS meatar

- i1
larizad |] \ u D """D
N Lasa "
SF/BE Matching /
lens /=' Incoharant
r I illumination

L Lasar BF

A2

wp cch

Optical tweezers typically
use light at wavelengths of
0.7~1.06 um and 25 to 500 mW

CW laser

SF(Spatial Filtering)
TR

BE(Beam Expending
&

WP: Half Wave Plats
PL: Polarizer

Laser BF: Laser
Blocking Filtering



Optical Trap Instrument around TW Univ.

CCD for Sctiering
""" Pattiern Grahhing -"'-._..

T— Imcorherent Hhimmation
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Optical Trap Instrument around TW Univ.
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Remote electronic control of DNA hybridization
through inductive coupling to an attached metal
nanocrystal antennas

Author: Hamod,K, Schwartz,J.J., Santos, A.T.,
Zhang, S. and Jacobson, J.M.

(MIT Media Lab,US)
Journal: Nature, vol415, pp. 152-155
Date: 10-Jan-02’



Hybridization by Antenna/Heat

Inductive coupling
of a to metal
convalenty link to

DNA.

Inductive coupling
to the nanocrystal
increase the

of the
bound DNA.




Hyperchromicity/DNA optically absorbance

1.3

The absorbance of DNA at 260
260 nm (the absorption maximum)
: was followed as the DNA was
|

1.0 slowly heated.

The hypochromicity was
260 maximal about 25 C below the
Tm.
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“Antenna” Design

1.4nm, Gold
On Thymine: C6

24 nucleotide

14 = _ 1, i_'l i, "
nucleotide(7bps)



Effective Temp.

3’ end,Au nanoparticle

5" end,FAM:fluorophore A =516nm

b 5o c
. Bx10 -
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/ Aparose bead | Wavalength (nm)

Temperatura (*C)

o B Biotin(a4 2 H) T, =35C
3L_IE

L streptavidin(4a sr v %)

/ Agarose bead \




Selectivity

3" end, TAM, NHS-teteramethylrhodamine, A =563r
5" end,FAM:fluorophore A =516nm

Fid
TMA F . . _
-'11;1\‘\“ @“ﬂé 2 0w 10 -ilﬁll|_ RFKF 8 ] [ 'r'-"l. Tor D
o I| .iF 1i_
. s i } L
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~ . | i |
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B0 w1} B0 (L K] 4D P ] 2K,

Wavelerath nm) ‘Wavwel=ngth (nmj



DNA Paper Review: DNA
Packaged by Phage



bacterial call

host chromosome — e

lambsda

wirus r ATTACHMENT TO HOST CELL
AND INJECTION OF LAMEBDA DNA

LAMBDA DMA
CIRCULARIZES

&

EGRATION OF
MBDA DNA INTO
ST CHROMOSOME
SYNTHESIS OF VIRAL
PROTEINS NEEDED FOR
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Bateriophage ¢ 29 study

* Title: The bateriophage 29 portal motor can
package DNA against a large internal force

 Authors: D.S. Smith, S.J. Tans, S.B. Smith, S.Grimes,
D.L. Anderson and C. Bustamante

* Nature, vol. 413, 18-Oct-02, pp. 748-752



Experiment Setup
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DMA tether length

Constant Force Feed Back Mode
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DNA tether length (kb)
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The force is measured from
the laser tweezers

The stall force is in avg.
and distance moved per ATP
IS . Assuming ATP in
buffer is , the
efficiency of the motor is

The pressure in the capsid is
known as . and the
thickness of the capsid is

The tensile stress of the capsid
wall is ~



Estimate the Bateriophage ¢ 29
Capsid while the DNA is fully packaged
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Introduction to DNA Chip

Chang Ann Yuan
H.S. Ku

Advisor: Dr. K.N.Chiang
03-Sep-02’



Outline

DNA Chip Principle

DNA Chip Type

DNA Chip Product: Nanogen
DNA Chip & EP/MEMS Packaging

New ldea: Reusable DNA Chip
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DNA Chip Type

* Probe
v" Oligonucleotides or Pepide nucleo acids (PNA)
v DNA Segments

* Manufacture

v Photolithography

v Mechanical microspotting
v Ink jet

Note:the hybrid time: 10-15 hrs



DNA Chip Product: Nanogen




DNA Chip & EP/MEMS
Packaging

Chamber #1 Buffer Port

te Port Chamber #2 /_’___,_—— —

NanoChip™

Motscuime Biclogy, Workssation

The NanoChip™ electronic chip
ey - | contains platinum wires which
. are connected to a computer

controller once the ManoChip™
is inserted into the ManoChip™
Maolecular Biology Workstation.

99-site test array.
Each test site is electronically
connectad to the NanoChip™
system by a platnum wire.

L% g -: J

| . The mi r:rcchlp'is similar to that
Barcode used in many computers and enables

extremely precse control of each
individual test site.



New |ldea of Reusable DNA Chip#®

Physical phenomenon

to remove target DNA segment after testing

" RFMF
" TM(rising the temperature)
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