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Urrrarast ELECTROCHROMIC DisPLAY LOOKS LIKE
INK ON PAPER

You just can't beat pen and paper in terms of optical quality. Just com-
pare today’s newspaper as it appears on a LCD display with the printed
version, and you can see the ic version sacri high brighi
contrast, and a wide range of viewing angles.

That could change as early as 2002, as scientists at NanoChrome, a
division of Nanomat Ltd. (Dublin, Ireland), have developed a white reflect-
ing electrolyte that endows a fast electrochromic technology with a white
background that looks like paper. When the display is switched on, a con-
trast of very deep blue or black on white can be achieved which looks like
ink on paper. No other electronic display technology has yet provided
these optical qualities, according to NanoChrome.

But first a word about the fast electrochromic technology, which was

by in Donald F ice’s group at University Col-
lege Dnblul (UCD) and Michael Griitzel's group at the Swiss Federal Insti-
tute of Technology in Lausanne (EPFL). The first iteration of the technol-
ogy was an electrochromic system where one of the electrodes was com-
prised of a highly porous d film that had a
thick layer of electrochromic dye such as a viologen chemically attached to
it. The system was very thin and had fast switching. The caveat of these

(Continued on p. 2)

Scavep-Up, HiGH-DenstrY PLZT SPUTTERING
Tucm AVAILABLE

S targets are i materials that serve as raw
materials for the sputter deposition of a variety of high-performance thin
films and coatings. The sputtering target market for ICs alone is worth about
$300 million globally, but they have a healthy overall growth rate of 8%
AAGR due to the increasing production of thin films for electronic, optics,
and emerging optoelectronic devices (ACST Market Forecast 10/20/2000),

A group of researchers at Ulvac Materials Technology Co. in Japan have
developed 300 mm sputtering targets of (Pb, La) (Zr,TH)O, (lathanum-modified
lead zirconate umnam or PLZT) that ulfa-auumlmnmmofthnes that are
ideal for ic thin films. acoess
(FRAMs) and oth ics. They have high density (98%) and high purity
(memmﬂﬁmlugh power loading of up to 3 kW. In addition, they
are produced without addmves.whuh helpsmdum ﬁlmmmarrumnm

PLZT film: Iso finding in

p ic devices, and i

to name a few. You could

(Continiied onp. 2)

v. Coatings & Surf. Technology:

UrtraFasT ELECTROCHROMIC DISPLAY

(Continued from p. 1)
films was that only the dye could be attached to the clcv.»
trode. The molecule needed t p he
cell, known as the redox mediator, could not be effectively
attached to it, which meant the films could not achieve maxi-
mum switching speeds.
However, the UCD researchers recently came up with a
solution based on novel metallic conducting porous
3 films, described in the D Journal of
Physical Chemistry B. The films are rendered conducting
by lled doping of a semi such as tin oxide,
with a second carefully chosen material such as antimony.
The redox mediator (¢.g., a modified ferrocene) is chemically
attached to this clectrode in the same way as the
electrochromophore is attached to the semiconducting layer.
As aresult, both halves of the electrochemical system are
confined 1o the electrodes. Plus, the conducting film is good

+353-1-706-7896. E-mail: nanockromics@nanomat.ie.
URL: www.nanochrome.com; a-u.ac.jplokuyamalab,

PLZT SpUTTERING TARGETS

(Continued from p. 1)
deposit PLZT films by sol gel, laser ablation, and CVD, but
you wouldn't get the same thickness uniformity and large
area as you can with sputtering.

A patent for high-density large-area PLZT targets is
pending in cooperation with other companies, so the exact
fabrication details cannot be revealed. However, the devel-
opers describe the general process parameters in the No-
vember issue of Vacuum. Team member Kouji Hidaka says
that the combination of using pressureless sintering of pure
starting powders and controlling the vaporization of PbQ is
key to achieving high-grade targets.

at h: of the device. Since both

are now in direct contact with the electrode, switching can be
much faster and the system shows a memory effect.
NanoChrome recently reported switching times as low as 3 ms
and the films’ color lasts from hours to days without the need
tomaintain an external power supply. The films also have very
low power requirements—4 mC/cm’ for color.

The nanostructured films used in these systems are pre-
pared by draw-down or screen printing techniques using
Ppastes of nanocrystalline materials. Films of a few microme-
ters thickness have an enhanced surface area d.lld pmvade
high optical p Cc the can
be used in transparent devices such.'h fast smart windows, or
using NanoChrome's electrolyte, in paper-quality displays,

University College Dublin has applied for a patent on
the ultrafast electrochromic device technology, and has ex-
clusively licensed it 1o Nanomat for commercial develop-
ment by its NanoChrome division. Ecole Polytechnique
Fédérale de Lausanne and UCD have licensed the funda-
mental nanomaterials technology to NanoChrome for use in
electrochromic display systems and NanoChrome has trade-
marked these systems as NanoChromics.

NanoChs ied out detailed materials cost analy-
sis with display manufacturers and anticipates that the cost
of f: for simple ic paper-quality displays

will not significantly exceed that of low-cost LCD and will
become equivalent at higher volumes. The company has hopes
of introducing paper-quality electronic displays in 2002 and
predicts a market value in the range of billion of dollars.

The entire suite of technologies is available for licensing to
third-party on terms and application areas that
the manufacturer can negotiate directly with Nanomat. Strate-
gic collaborations and joint ventures will also be considered.

Details: John Cashell, Managing Director, NanoChirome,
Chemistry Building, UCD, Belfield, Dubiin 4, Ireland. Phone:

2

In the meantime, you can obtain the targets from Ulvac,

Details: Kouji Kaneko, Vice President, Ulvac Materi-

als Technology Ca Lrd., Kyusyu Facteory, 3313 Kamino,

ho, Air K hima 899-6301, Japan.

lene +81-995-72-. UH Fm +81-995-72-1126. E-mail:
kaneko@ulvac.co.jp.

VCSEL wite MBE-Grown INpium

GALLIUM ARSENIDE I‘BLAND&

Oneofth icat h
races has been to geta l.] pm VCSEL (vertical cavity surface
emitting laser) on galli ide (GaAs). Silicon i
at 1.3 pm, so the new laser can be used to integrate photonic
devices withsilicon-based microsystems, The payoff would be a
laser that is cheaper and easier to build than the standard edge-
emitting lasers used in current high-speed communications.

Researchers from the National Laboratory for Superiattices
and Microstructures at the Chinese Academy of Sciences are
able to achieve 1.35 pm luminescence by growing 3D indium
gallium arsenide (InGaAs)/(GaAs) islands using molecular
beam epitaxy (MBE). MBE allows them to carefully control
atomic layer growth of the island structures and achieve a
narrower line-width of 19.2 meV at room temperature.

Compared with traditional indium phosphide (InP)- bused
lasers, those using InGaAs/GaAs islands promise to be cheaper
to fabricate and more stable when operating at room tempera-
ture. It helps, too, that compared with InGaAs/GaAs quantum
wells of the same width, the island structure always shows
lower k energy, narrower full-width half
maximum (FWHM), and a stronger PL intensity at low excita-
tion power and more efficient confinement of the carriers. All
this means that InGaAs islands may be the way o go for fabri-
cation of long-wavelength lasers on GaAs substrates.

Vol. 14, No. 1



1

B =T RER

o=
5

121t InGaAs/ InAs/ InGaAs

MK S

f

n

RT3

E 4. 1E+10/cm2

D M

<
Q
g

&

Cap
QW
QD

Buffer

GaAs
InGaAs
InAs
GaAs

r

AAAAAAA

AAAAAAAAA

AAAAAAAA

§ & 8 8 ¢ &

Wavelength
6328 nm

Room T

Excitation Temperature

16mw




multiple stackin
saple & and B

1. 35K InAsEF 2 [ 11T

Gabscaplayer  poample &0 Tngglaggds 3 om
Gads 20 m Ingy(Gagqhs 3 nm
straini-re ducing 1&}}&1:{ Ing7Alppts 1 1m
Satple O K Tng(rapgds 3 nm
Ings&ly5ds T om

Satmple B

(aks 20 nm
Gaks 300 nm
(aks (100 substrate

Inds 35 ML

\ 7amev

= \\ e Sample C
= s -\\.\
_t-% i S e A B8EmMeV T ety < —
= =
‘o N Sample B
P T
= D - [ S
—1
o- S9meV
/ \Mw Sample A
o's oo ' 1.0 1.1 ' 1.2
Energy(eV)

J. Phys.Conden. Mat. 15, 5383(2003)

INTENSITY (atb.units)

. BETRENDRE

LI LI L]
(a) 632Z.8nim

PRESS URE(GP a)

530 Snm

W'Wl

M
", ¥, s .07
¥, 4.1z

L a A a L a A a
1.0 1.2 14 1.6 1.8 1.2 1.4 1.6 1.8
ENERGY (eV)

J. Appl. Phys. 95, 933(2004)



Power in mW

GaAsE 1. 3R ET RIAEG H LR

Monitor Current in uA SPECTRUM 94.10.26 92:35
3000 6000 9000 12000 L sgpmusdiv AR .3
25 sl A i b= | - - }I 8499238 E : . ,.,:, ......... I: ......... : ......... } ......... I: ......... :.
o I.:lﬂ@.ﬂ!ﬁ,,,té!a! ..............................................................
| L S
] TR BERRE C o e e
5’ 25.“ ...............................................................................................
| < :
e 29:75 Lt
ZOLTE D distnaiispni bl e s g
41 o R R e, SR | L
.| foy e s il e
14.87 .......................................
0 - - 1 £ e - . + " v e:
0 60 120 180 240 300 1.3213 Hm 1.3413
et i R | Wl 1.33826  W2-W1 W2 1.33238
RES 1nm We 1 2nmsdiv

=imaEaxas 1. 33 ok, BERFTEE 50Acm?/ & | K&



1. 3R FACE BRI R TAEZ B4 1 1 1 -VsiTfr

IT1I-Vs Review

111-Vs REVIEW |y :

THE ADVANCED SEMICONDUCTOR MAGAZINE

. Ll P S 3

3
-

111-Vs REVIE

L ASVARLLD SRS,

Competitive &

Market & Business Microelectronic | Optoelectronic |
Nevss | Ne Newrs | Complementary News

WS

Vs REVIEW [laicimcmont,

Equipment &
Materials News

Free enews updates
Sign up here

Homepage |

Latect Features

Editorial Board

Magazine Information

Advertising Information

Magazine Registration

Subscriptions

People & Jobs

Bookstore
Events
Contact Us

E-newsletter Registration

Digital Editions |

Optoelectronic News

- 22 November 2004 -

China's work on the GaAs gauntlet

A research group headed by Prof. Niu Zhichuan from the State Key Laboratory for
Semiconductor Superlattice & Microstructures affiliated to the CAS Institute of
Semiconductors has succeeded in developing a GaAs-based long-wavelength laser device:
InAs/GaAs self-assembly quantum dot laser with lasing wavelength of 1.33um under
continuous-wave operation mode at room temperature.

Experts say this is the most important achievement in the field of GaAs-based near-
infrared, long-wavelength materials and devices in China in recent years.

The most important kinds of GaAs-based semiconductor materials working for near-
infrared wavelength from 1.2 to 1.7um are in the form of InAs self-assembled quantum
dots, GalnMNAs and GalnNAsSb quantum wells,

The QD structures attract scientists as they excel in a high-speed operation with lower
power consumption and new functions. The QWs are new multi-element compounds noted
for their temperature stability. In recent years, these new semiconductor materials
became a research focus in the most developed Western countries.

Since the end of the 1990s, a special research group headed by Prof. Niu at the CAS
Institute of Semiconductors was funded for their work in the field. In order to speed up
the research tempo, the team is composed of researchers from various fields ranging from
material growth, physics analysis to device technology.

The first step for researchers in their success was the breakthrough attained before 2000
in the technology of MBE of the InAs-bsed guantum dots lasers for the 0.9-1.1 ym
wavelengths.

By 2002, in the second stage, they succeeded in acquiring the 1.3um QDs with high
uniformity and high photoluminescence efficiency at room temperature.

The newest development over the last two years includes the solution of a knotty problem
in the growth of such QDs with long wavelength and high-density over 4,0E+10/cm2, and
the fabrication technology of InAs/GaAs QD lasers under continuous-wave operation mode

Select another news category:

Competitve & Complementary

Equipment & Materials

Market & Business

Microelectronic

Optoelectronic
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Researchers at the State Key Laboratory for Semiconductor
AVA”_ABLE Superattice and Microstructures have fabricated a long- Quantum dot

wavelength GaAs-based quantum dct laser, according to a report ‘etemstructures progress (8 / 7 7 / 2 0 0 4 )
commercialization

from the Chinese Academy of Sciences.

The 1.33 um laser, containing InAs quantum dots formed by a self-
assembly process on a GaAs substrate, can operate in continuous-
wave mode at room temperature.

Experts have touted the success of these quantum dot lasers, E BlEE[l *% i %L\ _TZI‘_‘{_: EI/\J Ej:l: % zﬂ Ej:l: ILZEIJ }EE

which are claimed to offer faster switching and lower power = N N
consumption than InP-based altematives, as China's most jJ 1 33 O n m G aAsﬁ —— ? Hj‘ ?{%i 716
important recent achievement in the field of GaAs-based long- A= E‘ VAR

wavelength devices.

[mgn] —— u Y’—‘ e g = | N D S
AT LALE SR B LB SE
The team's first significant breakthrough came over four years %ﬁ J [:A I:l :t AL L g\
ago, when they fabricated MBE-grown InAs-based quantum dot TR S
lasers emitting in the 0.9-1.1 pm region. Ej‘ 1;% ‘ | /f/l:::

By 2002 emission had been extended to 1.3 pym, and since then
efforts have focused on increasing the emission wavelength to
1.35 ym, and achieving a quantum dot density of 4x1010 cm=2,

The researchers are now improving the quantum-dot laser to a
level that is suitable for practical applications. In addition, the
team is investigating altemative materials systems, including
GalnAs/GaAsSb lasers. These devices currently emit at 1.31 pm,
but it is thought that this material system will allow emission
wavelengths to be extended to 1.55 um.
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A New GaAs-Based
Long Wavelength Laser
Diode Developed by
CAS Scientists

Researchers at the CAS
Institute of
Semiconductars (ISCAS)
have made significant
progress in their work on
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(GaAs hased long-
wavelength laser device.
Recently they have
developed the world's
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single quantum well laser
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Your manuscript, GaAs-based room-temperature
continuous—wave 1.9 um GalnNAsSh single-quantum—well
laser diode grown by molecular-beam epitaxy’ [MS

H1.05-06283R-FIX], has been accepted for publication in
Applied Physics Letters. 87, 231121, 2005
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= ,mIE 4], =205A/cm2, $FERE 158K, 3E: 0.17W/A
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InGaAs laser breaks into telecom territory!

JECHMNOLOGY Reseaecn Review

=

PROCESSING
InGaAs laser breaks

into telecom territory

CSass-based InGaAs lasers can now hat the
key telecom wavelength of 1.3 pm., thanks to
the combined efforts of the Chinese Acad-
emy of Scrences and Chalmers Universaty of
Technology, Swedemn

Thas partnershap’s edge-emitting design
delivers several benefits over commercial
InF-based Lasess that are deployed an today s
merworks. These anclude cheaper substrates,
stronger carrier confinement and higher
thermal conductivaty, which could enable
uncooled device operation

A mermrnorphee buffer and a subsequent
layer with 726 less aindivm provided a plat-
form for the growth of an Ing . ~Gass sangle
guiaatn well thin lased ar 1337 moma

The researchers’ LIBE-grown praded-

index separate-confinement heterostructure
has a 1200 pm caviey, @& 20 pm stripe wadth
and a threshald current of just 205 kA jen®

‘Rapid anncaling 1s the key step to our
loww threshold currents, " explammed Zhechuan
HNim from the Chanese Academy of Scrences
Anncaling the epiwafer for 10s ar §50 *C
removed the dislocanons in the structurne,
according o transmussion electron macro
scopy images of simalar designs with the
samee muetamorphec baffer.

O Laser s not desagpned for hagh output
prower, aned the maascinm [c emntaneous -wane]
output 15 around 10 W, explannec N

The researchers are hoping 1o team wp
weath a laser manufacturer and are locking to
mmprose device performance. Theyw wwant to
extend emission o 1.55 um — the key wave -
length for telecom lasers

Fowrmeal refereince
D 'Wuo et &f, 2008 Efec. Lerr 44 4743,

- lnAICass

praded n-bnGass

A tive di sl ecatl i
ephwafors with & metsamonpEhie buffer, acoording 1o
CranNarmisSsi on el eciion MCHeEcomy STk,

3z

[ e L
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1.55 Kk InGaAs/GaAs F 2T & FH L=

p-GaAs 10nm (Be: 1X -3)

p-Iny 3,GaAs (Sb:5E-9Torr) 50nm (Be: 1X )
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i-GaAs 3nm
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. Lett, 91, 221101(2007)
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InGaAs QWs lasers provide alternative
to 1.55 um GaAs based lasers

Retinal floww cytometer tracks
circulating blood celis

INGans guanturm-wwell lasers
provide altermnative to 1.55 am
GaAas-based lasers

Galum araenice (Gaas) omerm at 1.9 and 1.55 jum e
recoivod o kot of artentior in e Cemst seeril yers Sor
Uhesir protential s inexpaenasive, high-spead, Luncooled
=ources for tolecormemuni Cothons. With canaful cgtirm -
Zathon of metiumorphibo crystal groswth, stractuns, amd
optical proportios, resoearchors 0T GRalmears Linissesity:
of Technology (Gothonburg., Swedan) and the Chmess
Acadaenry of Schoncos (Baijing. China) hows densonstnst-
wd rmetarnonhilc 1,58 g bndiurn ge e eraonscse: (-
Gafcl auantun-well Rsors that rmany e a procmising ol -
mative o 1.55 um Gass- Dasod laoers,

Thre st reon phEc [G@AG Gt m-wall Lasor wike
Sroew by mmrolerc ular boarn apitaxy on an -Tyeee Chiasaes
subsirate vsing a kow growih eorearaiurg of 449055 and
POEL Growwth raged Uheerimal anoealing, using aotioony o
& surfactant and insecting thin Gass smoothing kayers.
Tihe recsa s ting brosc-area laser measured 50 = 1260 wm
AT A e ool current dens ity of S0 AT al noor
IrminDeratune nder pulsed operaticn. Thwe oot ==
aquare s rtncs rougnness of the -pm-thic K laser Strusc-
e, &8 measurad by atomic-force MICrosSc oD owves
1 and 10 pmT armas, ane 05 amd 505 nm, respectiveby.
Coarmtest Fiwer TErRP e o b i fm e sranc e halnmers. s

- Filters advance multispectral naging —. -

La SE F w rl“ imn Nanoseconcs
l' I]BII B vt s

R . ulee picking n a fiber Inser, among
T bl

NEvE ey w
ek, o
[Tt

ng Mmagnens felee, these
Ning aspeads) and hose mecnanieal
Rasaarch (“nn:ru of Photonics of the
{Hangzhou, Crira),
. Swadan),
Stured fibers (o cause high-speoed

i to the slectrodes —formed by pump -
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16th International Conference on Molecular Beam Epitaxy
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Mon &1.1 |2~ 2.5pm mid infrared light sources using InGaAs/GaAsSbh "W”
type quantum wells on InP substrates
Chien Hung Pan

17:20  Mon 41.2  [MBE growth of highly tensile strained Ga(ln)As/Gash quantum

The international conference for all aspects of MBE growth as wells
;U;;‘ i: ;gisi:ﬁéut;zhnology and application of epitaxial hetero- |. Alban Gasseng
Il I e 17:40  Mon A1.3  |Strain Relaxation by misfit dislocation array at the GaSb/GaP

Date: August, 22nd - August 27th interface

Salim El Kazzi

Venue: The Conference Venue is located in the Center of Berlin

18:00  Mon A1.4  [AlGaAsSh superlattice buffer layer for p-channel GaShb
quantum well on GaAs substrate
Yadim Tokranov

Humbeldt-Universitat zu Berlin, Unter den Linden
bee Berliner Congress Center, Alexanderplatz

18:20  Mon A1.5  |Electron Scattering by Structural Defects in InSb Quantum
Organized by: Wells
Ted Mishima

Prof. Dr. H. Riechert

(Paul-Drude-Institut, Berlin, Germany) 18:40
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