5T 2
Y %szﬁﬁaz% ik
PR )
Nt e
‘1%?&:\'3



Outline

Introduction & applications (DMD)

. Signal delivery

Projection display

Comparison : DMD vs. LCOS

Color expression and gray scale

Key structures & Process

. Actuation

Grating Light Valve Display - Diffraction
. IMOD display — Reflection & Interference (Iridigm)
10 Micro Display —Scanning

11. Conclusion_Video
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or HiF vs, TV =+

LCD TV : 20~ 40
PDP :30 ~ 50’
Projection TV : 40 ~ 60’

(Super Large: LED display)
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Digital Light Processing (DLP)

e Introduction:

e DLP is a semiconductor-based MEMS array of fast,reflective
digital light switch that precisely control light from a source to a
projection screen using a binary pulsewidth modulation

technique.

* The mirror can reflect light in one of two directions,according to
the state(O or 1)of an underlying CMOS memory cell.

Fans in a stadium reflecting
light toward a blimp

FOT MR E B AT A
RAEHR AT

www.ti.com/dlp

DLP Board Projection

\ Processor  Lens
"""“{jemcry / ;

- Mi:pl';

Screen

I
Condensing
Light Source

Color F Iter




Digital Light Processing (DLP ) -Pixel

I
e
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How DLP™ Technology Works

@ | Frojection Lens

Light
Absorber

DMD Array
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Application 2: DLP Cinema

DLP™ |Large Venue DLP Cinema™

Source: Texus Instrument Inc.
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Application 3:
Lighter, Brighter, and Wireless

Mobile Projection
Appliance

Source: Texus Instrument Inc.

Mobile
Information
Appliance
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Application 4: Projection TV

Source: www.dlp.com
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Application 5: Printing

_- Diode Array Source

. Imager

E:

Foald M irFors

" OPC Drurm

Source: www.dlp.com
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Application 6: pLp™ Digital Channel Modulation
with hundreds of Switches per Channel!

€ 1toninput
channels

& Various
channel
powers &
beam shapes

FTIVER E R AT
HFEERP AT

(DLF DIGITAL LIGHT PROCESSING

A ' i —

M

ux, Fiber Output

€ DLP™ System
modulates
signals

€ Digital
Accuracy &
Control

Source: www.dlp.com
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Potential Features

DLP™ Dynamic Filter Module

<$10,000 Module
Insertion Loss: 4-6 dB
Dynamic Band or Channel Control
—40 — 160 Channels
—10 — 30 dB Attenuation
Resolution : 0.1dB @ 100GHz

PDL: 0.2 dB
PMD: 2 ps

C-band, L-Band Compatible *T1 Prototype 40-channel
Control: RS232 & High Speed I/F DLP™ Dynamic Filter

*Note: T1 does not intend to “productize” this prototype. We will use it for learning.
OEMs will build their own DLP DGE modules.

Source: www.dlp.com
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Application 7: Maskless Exposure

Source: Ball Inc.
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Application 8 : Light-directed peptide synthesis :

Digital Optical Chemistry

UV Light Sowrce
. (Hg Are Lamp)

Waste

Light unifonmnly dhaninates

Glass Slide and
Eeagent Chamber

Texas Instuments
Digital Microminor
Device

Computer Contiol of WValves
DD and
Delivery of Fluids to Chamber

Eeagents for Light-Ditected
DNA Synthesis
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Application 8 : Light-directed peptide synthesis :

(photolithography) <[ |
mask L. ‘l’ \L.‘l’__i’. T
X X X x-A A A T X
H NH H H NH NH NHNH
phouﬂyas chemical
substrate coupling

Xx-A: NVOC-(NH-CHR-COOH)

Yy || vy o

A,lb\xx xxxx

NH NH NH NH  ——— & A
chemical repeat
coupling

X . photolabile protecting group A,G,F,R,N,L : amino acids
75 PRRE 2 INMOTHHitrovertryloxycarbonyl) 2005 ¥ fj Bg + # #
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Signal Delivery



SR '@Aﬁ“ﬁ”
QI ED

r:aplum Compression Transmission
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T T |

Reception Decompression  Display
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Application 4: Projection TV

DLP

[ hied g prrocessing
Memory
Foformatting
DD

Light 2ource

Optlos LInmodulatec

Light In
Digital Light

Switch %
’ﬁ Optical Worcls Out

El=ctrlcal words in

ource: www.dlp.com
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VIDEO INFRASTRUCTURE

Production | | Processing | Delivery :Fmﬁﬂntﬂliﬂnl

Current  Analog Analog Analog Anﬂlﬂgh
Low-End
Analog Ana Analog Anal Anal
Emerging 109 o i
High-End
Fulture
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Secuence Repeated Once Each Bit Time

Landing Tip

Mirror
Address
Eblectrode

Yoke
fddress
Electrode

Biss-Reseat

Figure ¥, DMLY pixel exploded view
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Projection Display
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/

LC TV
12 = 5 CNT-FED
3 I
PDP
.
,?F,
BREF TR <
- LCD
r B
HFRRA I DLP (DMD) (#550-650 USD/ )
[LCOS (%100~150 USD/ #)
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Key issues of projection display

* brightness

e color

e uniformity

e contrast and sharpness

Source: MiFc | o ALA T F AR
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Projection displays schematics

Light source
B i I 30 @ A e, { e
iLight Illuminaticiin Proj-ection
source Optics Optics
': ; Screen
i Microdisplay
- Light valve
< mmmmm Only for light valve projection systems

Source: FiFcF. S+ T F 142
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Reflective Scheme of Projection

Beam projection
LCD-cell splitter lens
P polarization
4 A
3 v
S po]arization
®
drive
lectronics
- By ek ) 0
e l
b, 4 b b
St lamp
T ndl -
Source: fR 7T f. o F
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Lightest/Brightest

¢ Single ‘panel’ = simpler optics
¢ Reflective = greater efficiency

LCD = complex
optical system
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Reflective DMD for Projection

Zoam
: rojection lens
LMD chip |:|_.,
I

10
diagonal

prprddrd A

SCreen

Motar="

First
condenser lens ...
Color fitter wheel * Light source

Figure 5. DMD szingle-chip color projection display
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Polarized Filter

/\\\ 1 Pixel

Projection Lens RGB
Lamp : . .
TET-LCD Device 1 pixel contains 3 sub-pixels
KT IRER BT 2005 ¥, . B A+ F
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B 3 T O oy P 3



Dichroic Mirrors
‘ RN
> \ 3 panels are needed
L G/B LCDs + X-Cube « 1 pixel contains
amp .
G v /\ R no sub-pixel
~ NI
B * Projection Lens
AN g
FTIVER E AR 2005 % - & 7+ L #
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RLCD(B) 1 panel projector is
similar to that of DLP’s

Lamp M3

Integrate PBS(B)

Eecae, dLens
IN

Resolution: 1280 x1024
Pixels: 1280 x1024

M1 Projection

Lens

PBS(R) LCoS panel x 3

PS Convertel

RLCD(R)

Source: Dr.# &+ #» (ITRI/ERSAO)
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Better Image
Motion

¢ DMD™ switching is fast with minimal ‘lag’ (few
microseconds)

¢ LCD switching is slow with

significant ‘lag’ (tens of
DMD™ = fast switching miIIiseconds)

projection of fast moving video

<: ¢ Resultis ‘smearing’ in LCD

¢ DLP™ is much better at
LCD = slow switching reproducing full-motion video
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2. ) N -+ o
LA AR AT w3 O OF OB 7T 23



LCD V.S DLP projector performance

= 2 NLCD#:E 1% H 2 ADLP3: 8%

e TR VGA-XGA SVGA-XGA

c AR % it

. BiMmp i # 14

© HUR : S

e KB ﬁ X o)

© It £ iz

o il if S iy H

¢ ARG i i 3

sourse: www.pida.com.tw
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See the digital difference

Analog LCD Digital DLP"

sourse: www.ti.com
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RLCD(B) 1 panel projector is
similar to that of DLP’s

Lamp M3

Integrate PBS(B)

Eecae, dLens
IN

Resolution: 1280 x1024

M1 . .
Projection Pixels: 1280 x1024
PS Convertel Lens
PBS(R) LCoS panel x 3
RLCD(R)

Source: Dr.i# & # (ITRI/ERSAO)
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Reflective LCOS for Projection

Cover Glass

EEHWEHT Glassf*; == === = ITO Counter Electrode
Spcr— o s === Sl === | Clayer
::' LC Matetic ;.--I-—I--..—-—I—-—..-ﬂ———JAIEIectrode
Light Shield
Pixel Switch
Sp ACers Silicon Storage Capacitor
CMOS Substrate Source: http://www.optivu.com/home.htm
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Display Performance

é@ >H\ #%'u‘ Optical efficiency

of DLP projection

system

*Includes projection lens and color disk time-multiplexing loss
{when applicable).

L o
o L 2 Y o
Optical efficiency

Fill Factor  "On" Time  Reflectivity 2}:‘::?::2: Total of DMD pixel

Ref.: J. M. Florence, R. Miller, and T. A. Bartlett, “Contrast ratio in
DMD-based projection systems,” in Proc. SID '97, Boston,MA, May
1997, pp. 920-922.
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Comparison of key components

- DMD for projection
- LCOS for projection
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Color expression and Gray Scale
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Color Generation

e 3-Channel Color

e Color Sequential

Source: Dr.# &+ #» (ITRI/ERSAO)
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3-Channel Color

U 1 Frame

FTIVER E R AT
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RLCD(B) 1 panel projector is
similar to that of DLP’s

Lamp M3

Integrate PBS(B)

Eecae, dLens
IN

Resolution: 1280 x1024
Pixels: 1280 x1024

M1 Projection

Lens

PBS(R) LCoS panel x 3

PS Convertel

RLCD(R)

Source: Dr.# &+ #» (ITRI/ERSAO)
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Color Sequential

1 Frame (1/60 Sec)

————————————————————————————————

___J v‘« qu »‘4 _____________
< > i« > L >
)'( £ A »'A
R B

Drawback :
Frame rate: 180Hz

g fCLOCK %35

ol
L
a1
LA LELTINRR F il u

Source: Dr.# &+ #» (ITRI/ERSAO)
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Reflective Scheme of DMD

Zoom
2 projection lens
QD chip —
|

10
diagonal

SCreen

Melar—"

First
condenser lens

Color fifter wheel © Light source

Figure 5. DMD szingle-chip color projection display
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Gray Scale Method

T 4
>V
1 Hs
oV (Brightest)
ov—— — (Dark)

-t

Voltage modulation

FT IR E B AT A
R HEHE /\—ji%';ﬂ "s

Pulse width modulation
Source: Dr.# &+ # (ITRI/ERSAOQO)
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Application 4: Projection TV

(Note: for claniy, only central column is
addressed and no light source iz shown)

DRMD Projection Lens

{1111}

{1001) (Sensations of Gray Shades
{0100} By Viewer's Eve)
{0010} {4-Bit Example)

{0001 )

{0000}

Source: www.dlp.com
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Application 4: Projection TV

Number of
LSB Times 8 4 B

Source: www.dlp.com
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Pulse Width Modulation

» Color depth = m bits
e GrayscaleG=2m-1
e Rowtime T, =T,/ N

e Slottimet,=T,/G

24 23 22 21 20

kkkkkkkkkkkkkkkk kkkkkkkk kkkk k% i|<_’ Ts
T,

|A »
|‘ '|

Response time must be small

Source: Dr.# &+ # (ITRI/ERSAO)
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DMD Configuration

1280 » 1024
848 < 600

Source:
www.ti.com/dlp
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FS color wheel

e
4-Segment Color Wheel (-Segment Color Wheel
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FS and SCR color wheel

g
E‘

= * Field Sequential
( FS color wheel )

"y

e Sequential color recapture
( SCR color wheel )
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Digital Color Control
Green

Pixel Color

Cayecals Level = 0 Oeayscale Leavel =0 Orayscabe Level =

Grayscale Lavnl = 220 Grayscale Loval = 36 Grayecolo Loved = 148

Grayucaky Lavel = X3 Lirgytcole Lovel = Z3%  Grayscal Lovel =T

Camyscals vl = 164 CGHEyECEN Loyl = PR Glrayscple Loyl = 108

Grayscale Lewel = 254 Oepyscaln Level = 256 (rayacale Level = 250
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Recycling process

Field Sequential
light turned into

transmitted
Color Wheel 33% efficient

i

213 Reflected ! 1/3rd

2/3 Reflected transmitted

Here H
ere each pass

Efficiency = 1.70X sequential color

® 7 7 recycling process
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Key structures and process
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Features of Digital Micromirror Devices

Mirror =10 deg

(Layers)

Mirror

Mirror

Landing Tip

Mirror
Address

Electrode Yoke

and Hinge
Yoke
Address
Electrode

Spring Tip Substrate

To improve the contrast ratio of
projection displays,the mechanical
structure was hidden under the
mirror

Source: www.ti.com

Figure B, DM pixel exploded view
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Integrated Microsystems

Integrated Microelectromechanical Systems {IMEMS) Technology:

Standard CMOS Electronics Mechanical Devices

F 3
F 9

wy
L 3

Mi cromachines fabncated
in a bulk-ached french
before CMOS dedrorics!

After Sandia Mationd Laboratories, bt pfferesees md |l smandizagosmicromachine

Benefits of Trench Integration:
» Smaller, Faster, Less Costhy, Lower Power, and Higher Sensitivity Integrated Systems
* High Levels of Compatibility: Owvercomes Limitations of Traditional Integration Strategies

Thursday, 12 hay 2000 Microelectromechanical Systems (MEMS) Short Course & b, Adrian Michalicek, 2000 Slide &5
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Evolution of DMD pixel architecture

[
Mirror S
7
A <o Torsion New
hinge concepts
Resolution ke
Reliability
3]
:
& Bng;r:gess * Hidden hinges
E contrast * Lands on spring tips
o » Active yoke
E * Hidden hingas
Mechanical = » Lands on yoke tip
uniformity e * Active yoke
=4« Hidden hinges
e, = * Lands on yoke tip
+ Hidden hinges
Conventional  * Lands on mirror tip
Bistable concept
| | | | | | | S {1
87 9 @2 93 94 95 96 97 '/ 2000

Ref. Larry J.Hornbeck, “From Cathode Rays to Digital Micror‘%rﬁr?(r)rs-A History of
Electronic Projection Display Technology,” Tl Technical Journal, July-September 1998
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SEM photomicrograph of yoke and

*The spring not only absorbs energy during landing
but stores energy for more efficient mirror release.
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Exploded View

,

E Beam Spot Magn
100kY 30 4627

.Ff.‘

Det WD ———— Bum

COM 170 MIRRORT IMG

Source: www.dlp.com
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DMD Packaging process flow

Spacar? Vealar e (b)

Hirgsa \ia
ard Mirror
voke (bearm)

b. Plasma undercut (remove Spacerl,2).

(c)

a. Wafer saw (partial).

(d)

c. Passivation (anti-adhesion layer).

d. Initial test in wafer form (multiprobe vision =
system).

e. Wafer break (break into individual chips). .
sourse: www.tl.com

e 2 BPIVORE, iy g
RE AP

— gl MEM Laboraory
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DMD Packaging process flow

f. Chip attachment to ceramic package and wire bond.
g. Plasma activation (clean) and repassivation.
h. Getter strip attachment to window.
I. Hermetic window attachment (weld glass-to-
metal fused window assembly to metal seal ring of package).

j. Burn in and final test.

—~

Plasma
T2/Burm-in aciivabon
Wirkd o D ailiach
ard bord

@ -ﬁ ul

i) (h) % ()
sourse: www.ti.com
(9)
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Digital Micromirror Device Dynamical Analysis

"« The electrostatic torque (Te ) (ignoring fringing fields) is
given by:
Te = | x (dF/dA)dA
« dF/dA : the electrostatic force per unit area exerted on an
elemental area dA of the yoke or mirror.
o X ! adistance from the torsion axis to the yoke or mirror.

Source: P. Van Kessel, L. Hornbeck, R. Meier and M. Douglass, “A MEMS-based

Projection Display,” IEEE Proceedings, submitted for summer 1998 publication.
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Digital Micromirror Device Dynamical Analysis

Te = [ x (dF/dA)dA
dF/dA = (1/2) € o AVI AZ)?

AV : the potential difference across the air gap,
measured

between the mirror/yoke and address electrodes.
« AZ: the size of the air gap at a given elemental area

dA
location. 5""— -

Source: P. Van Kessel, L. Hornbeck, R. Meier and M. Douglass, “A MEMS-based

Projection Display,” IEEE Proceedings, submitted for summer 1998 publication.
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Ex: Torsion Mirror

Hit mechanical stop,i.e.,
digital operation

50 | ———
~ [ { —q—Bistable
D N B
L 40t
(@)] I
Torsion Beam % :
orsion
) — 30 Pull-in
(Pivot) % : ¢ ? Voltage
c 20| i Releasing
© Voltage
S - Continuousxcanngr: :
E 107 \ -
fd = — :
Back Electrode Plate O e e e
0 10 20 30 40 50 60 70 80 90 100
Applied dc bias voltage (V)
S.S Lee, UCLA thesis, 1998
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DMD vs. u-scanner

i Projection Lens

Light
Absorber

- .’—"T':::"": =
> # DMD Array

#o7 s RLE a7 .0y, Mg,
REAHEAIRT
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Digital Micromirror Device Dynamical Analysis

* The electrostatic torque (Te ) Is proportional to the
sqguare of the voltage difference across the air gap
and inversely proportional to the square of the air gap
size.

o Key to achieving these optimization goals is effective
drive voltage waveform design, which aims to elicit
desired dynamic angular responses from the mirror
through the application of time-varying electrostatic
torque.

Source: P. Van Kessel, L. Hornbeck, R. Meier and M. Douglass, “A MEMS-based

Projection Display,” IEEE Proceedings, submitted for summer 1998

publication.
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Optical Switching Time

1z ra
Crcschirmin Toapasdany
104 MJ’ - 60
g - Pixel
g | 4 image
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£ - 36
4 - 24 E
— A Cmssoasry Eleoircsiabic Tarmuos B =.'
7 i Flat
T . . N~
s 29 14 ﬁ k Projection
A L = lens
X 4 - K
= E Light fram
o . .
- F illuminator
E Fo . Sty Elecirosiain Fongue -
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Ref. PETER F. VAN KESSEL, LARRY J. HORNBECK, “A MEMS-Based Projection
Display,” 1704 PROCEEDINGS OF THE IEEE, VOL. 86, NO. 8, AUGUST 1998
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Digital Micromirror Device Dynamical Analysis

12 — : 36
. o Crossover trajectory |
§ oltage P | i

g 79 ! : 24
- A i l E -

6 - : : - 18 —~
4 High side . i - =
% 41 address ! - 12 Ej
=B e LA I o ey S E e L6 T
g ; B -
@ 0---mmoeoooee- Ao 0 8
§ _2: i Bias voltage zones A through E [ i ﬁ
= : i demarcated by vertical dashed lines |- -
E -4- : --12 &
= i i - i

-6 4 i L 18 8

-8 - i - -24

. ! Stay trajectory B
10 === B Lt - =30
-12 T T T : T T T T T T T T T T T -36

10 12 14 18 18 20 22
Time (us)

Source: P. Van Kessel, L. Hornbeck, R. Meier and M. Douglass, “A MEMS-based

Projection Display,” IEEE Proceedings, submitted for summer 1998 publication.
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Mirror Displacement V.S Torque for Three Address
Voltages Applied to The DMD

TORQUE
T
A T

Mirror
Stop

Restoring
Torque of
Torsion Hinge

TIP
DISPLACEMENT

} P
0.2 0.4 0.6 0.8 1.0

Source:Gale; Richard O, “Optimized electronic operation of

digital
micromirror devices” U.S.P N0.544566, Aug22, 1995
?’r':?f%ﬂ“ %‘.%‘/fﬁ%ﬁiﬁiﬁ 2005 ¥ f B v H
REaHPE AT B3 T o o7 2

e

2l



Applied voltages and
potential differences for each zone

Crossover transition = IV -Vl Stay transition
Zone A
oW =19 D\.-‘ 24 DV =24 | ¢ , OV =19
-5 Wy = 24 '\-'-D Va=0 WVy,=24 V=5
Zone B
Resat Reset
DV = 33.5 ¢ D\.-‘ 26 DW=26 D\f 33.5
V-TEV,,-—ZESV-D -0 VE-ZESV-?S
Zone C
oDV =0 'I | ¢ l-DV:?.ﬁ DV =75 'I AR l-n’\a’:[}
V=785 V,=75 V;=0 Va=0 Vy=75V,=75
o Zone D o
DV=1E.5.I 1 |« I.l:u‘-.-‘=24 oW = 24 I I | DV = 16.5
Vo=75 V=24 V=0 =0 V=24V, =75
Zone E
oW =19 D\.-‘ 24 pW=24 DV 19
-5 Wy = 24 '\-'-D -0 Wy, =24 \.-’-5

Source: P. Van Kessel, L. Hornbeck, R. Meier and M. Douglass, “A MEMS-based

Projection Display,” IEEE Proceedings, submitted for summer 1998
publication.
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DMD hinge Characteristic V.S Voltage Required

 The voltages required to deflect a mirror depend on
the architecture of the device and the materials used
In ItS construction.

 The hinge physical parameters such as length, width,
and thickness, as well as the hinge material, control
the hinge compliance which determines how much
force is required to deflect the mirror.

Source: 1.Source: Gale; RichardO,
“Optimized electronic
operation of digital
micromirror devices”,
U.S.P N0.544566, Aug22, 1995

2.http://www.ti.com/dlp
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Mirror Dynamic Characteristic

o Often, the mirror tip is stuck to the landing electrode
and will not reset on its own.

* A reset sequence is required to break the mirror free
from the landing electrodes.

 The propose of the reset pulses is to store mechanical
energy in the mirror in order to spring the mirror away
from the landing electrodes.

Source: 1.Gale; Richard O, “Optimized
electronic operation of digital
micromirror devices”, U.S.P
N0.544566, Aug22, 1995

2.http://lwww.ti.com/dIp
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Conclusion

 R&D has proceeded In three phases:

* Anti-adhesion & electronic drive improvement.

« Architectural improvements for better performance as
well as basic reliability improvements.

* Lowering the cost & continually improving image
quality.
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Microvision Display
- Scanning
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Applications

W .Augmpnted Vision
orial Display Syscem pl-.'nldu‘l?

ave mad'lm! maincenance Errg].
' 1
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Applications
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Micro Display

A G 1 5 X 1.6 mm MEMS-based SCapRef 4 s = » #
TP
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Micro Display

N SEE full sltuatmna! Mréness

:i‘.-i"‘ u;iuw et VAl
\irﬂt Iq VN e 5

. Suddenly, it’s clear.
Click to watchia ‘;_’idE!:I about M m = E'-:&;

' _Nr.:rrnad with the Stryker Brigade e R R e e

MEMS-based scanner
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Micro Display-Vedio

MEMS-based scanner
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Press Release vs. Field Trial

Microvision Reports Third Quarter 2005 Revenue of
$3.3 Million and Year to Date Revenue of $12.0 Million,
up 27% and 62% (Microvision Only) over 2004

Automotive Repair: American Honda Motor Company
Training Center, Torrance, CA.

Results: Average Productivity Gain = 38%

Heavy Truck Repair: VVolvo Trucks North America’s
North American Institute, Greensboro, NC.
Results: Average Productivity Gain = 31%
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Field Tnal

Automotive Repair: American Honda Motor Company
Training Center, Torrance, CA.

Results: Average Productivity Gain = 38%

Heavy Truck Repair: VVolvo Trucks North America’s
North American Institute, Greensboro, NC.
Results: Average Productivity Gain = 31%
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Field Tnal

Automotive Repair: American Honda Motor Company
Training Center, Torrance, CA.

Results: Average Productivity Gain = 38%

Heavy Truck Repair: VVolvo Trucks North America’s
North American Institute, Greensboro, NC.
Results: Average Productivity Gain = 31%
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Grating Light Valve Display
- Diffraction
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Grating Light Valve Configuration

Alternate ribbons are deflected to create
a square-well diffraction grating

Common Electrode
(Ground Plane)

Moving Ribbon
(Bias Voltage)

\Ne—""" Air Gap

I Aluminum 5004
I Nitride 10004
1 Air13004
B Tungsten 1000A

Up: Rellection Dovwn: Diffraction ] Oxide 5000A
Ribbons held up Ribbons pulled down I Silicon
by tensile stress electrostati cally

Source: www.siliconlight.com
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Grating Light Valve Diffraction Efficiency

| Incident light reflected
I I 1 | | ] |
Specular ] ]
= X
L
o
e
= I I I I I e
(]
3 Incident light
é Diffracted Diffracted
X
# (.1 T (.2 T 0.3
[ | [
A4 down | A/2 up — L L
MTINGEaayS RSt [
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Grating Light Valve Scattering Principle

Screen

Red Pixel Blue Pixel
Video

Source: www.siliconlight.com
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Grating Light Valve Scattering Principle

Source: www.siliconlight.com
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The Scanned GLV Array Architecture

F 14 AMI8E

F4 AL AL TOBERER
EEIT—

ZILHD (1920 % 1080 ERE)
&0HT O v TAF v,

Grating Light Valve

Source: www.siliconlight.com
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The Scanned GLV Array Architecture

F i A0S

FA AT TELTOMERER
EEIT—

ZILHD (1920 X 10808E3E)
S0H 705 Lo T AF v,

Complete image formed
Grating Light Valve as succeszive frames

Diagram showing the scanned architecture of GLV technology:
As the scan moves horizontally, the GLV pixels change to
represent columns of video data, thereby forming one
two-dimensional image per scan. The scanning rate is

60 frames per second.

far) %"‘/éﬁ 'ﬁ':“ g A R ko Source: www.siliconlight.com LLI-ZOBE% M%ﬁﬂgg"aboraﬁory
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The Scanned GLV Array Architecture

ZILHD (1820 X 10808%)

=I5 B0HFOY LY FAF ¥

Example of a projected image using GLV technology
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Display Performance DLP V.S GLV

Single Chip DLP Projector GLV
*Resolution SVGA-XGA SVGA-XGA 1
*Brightness Low High
«Contrast Poor High

«Size Small Small
*Weight Light Light
*Assembly Simple Simple
*Price High Low

*Yield Low High
Manufacturing Complex Simple

¥ PAERL R T
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MEMS in Microdisplay

DMD GLV
*Optics Reflection Diffraction
Diffraction Efficiency X 41x2=82%
«Color Filter Yes No
*Assembly Complex Complex
«Size Small Small
*Weight Light Light
Manufacturing Complex Simple
*Price High Low
*Yield Low High

T LR s 0000y, MEMg-eborafory,

2F 7 i ‘\,—‘r NN -
F’tl#b**‘}‘i&_ipiﬂ %@__J_EH;-E\}',A SR
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Grating Light Valve Diffraction Efficiency

I T

Specular

Reflected and Diffracted

0
U ﬂ.lT

Grating Groove Depth
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1 | I ] [

0.2 T 0.3
A4 down | A/2 up

Incident light reflected

X

Incident light
Diffracted Diffracted
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IMOD Display

- Reflection & Interference
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QUALCOMM to Acquire Display Technology Innovator Iridigm

- Iridigm’s Breakthrough iMoD Display Technology Delivers
Significant Performance, Cost and Power Consumption Benefits -
SAN DIEGO - September 9, 2004 - QUALCOMM Incorporated
(Nasdag: QCOM), pioneer and world leader of Code Division
Multiple Access (CDMA) digital wireless technology, today
announced it has signed a definitive agreement to acquire
Iridigm Display Corporation, a privately held display technology
company, which will become a wholly owned subsidiary of
QUALCOMM upon completion of the transaction. QUALCOMM
will pay approximately $170 million in cash for the approximate
86 percent of Iridigm that it does not already own. Completion of
the transaction is subject to regulatory approval and certain other
closing conditions.

http://www.iridigm.com/tech_overview.htm
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Concept from Butterflies

Replicating the Beauty of Mother Nature

The power of Iridigm displays derives from the replication of some of

Mother Nature's most beautiful creations: Butterflies. The iMoD
element uses interference to create color in the same way that
structural color works in nature. Microscopic structures on butterfly
wings and peacock feathers cause light to interfere with itself,

creating the shimmering iridescent colors that we see in these creatures

http://www.iridigm.com/tech_overview.htm
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Interferometric Modulator (iIMoD)

Replicating the Beauty of Mother Nature

The iMoD elements in an Iridigm display work in the same way.
Because interference is used to modulate the light, we call the device
an Interferometric Modulator, or iMoD. Since the iMoD contains no
pigments, the color is inherently stable and cannot fade like inks or
dyes when exposed to light. At Iridigm, we are using natural
Iridescence to create a new paradigm for information display.

http://www.iridigm.com/tech_overview.htm
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Device actuation with imaging on/off mechanism

Th.'ga'_l.-':'-::_ré-_nf an Iri_dig_rn D_igr.-__lay.

Glass substrate —I—__

Thin fitrm stack : e

Alraap
Metzllic membrane —— T

- IMoD element : a simple MEMS device
(two conductive plates and air in between)
- One is a thin film stack on a glass substrate, the
other is a metallic membrane suspended over it.
- The iIMoD element has two stable states.
- No voltage: the plates are separated, and light hitting the substrate
Is reflected as shown above. When a small
- With voltage applied: the plates are pulled together by electrostatic

attraction and the light is absorbed, turning the element black.
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Pixel and color

Pixels in an Iridigm Display

- IMoD elements: 25 60 microns on a side
(400-1,000 dots per inch).
- The color of the iMoD element is determined by the size
of the gap between the plates.
- The blue iMoD has the smallest gap and the red has the largest.
- To create a flat panel display, a large array of iMoD elements
are fabricated in the desired format (i.e. 5" full color VGA)
and packaged. Finally, driver chips are attached at the edge
to complete the display.
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- Pixel memory is crucial to producing a high quality display.
IMoD elements, which make up the iIMoD pixels, possess
electro-mechanical memory called hysteresis. The hysteresis
effect shown in the diagram works somewhat like a pop-top on a
bottle. Once the metallic membrane has been pulled down, it
requires less energy to hold it than was exerted in pulling it down.
This bi-stability not only allows the Iridigm display to replace

the non-linearity of an active matrix device, it can also act as a

real memory element.
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Mol Technology 15 Compatible with LCD Infrastructure

Mol Matnx

Urnver attachment Madulz niegration
[abrication

(Mol MANUFAGTLURING PROCESS

Lomgallole with
louchscreens and

aLRer companents

WLl array Extsting LCT
labrication rivars & lechnigues

LLL INFRASTRUCTURE
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DoCoMo Vision in 2010
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