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p20 GaN Systems has shipped its 
20 millionth GaN transistor. Its factory
partners are due to complete a 40-fold
capacity expansion in 2021. 

p34 OIPT is to move to a new
manufacturing facility in summer 2022. 

p43 Martin Dawson, director of
research at Strathclyde’s Institute of
Photonics and head of the Fraunhofer
Centre for Applied Photonics, has won
the 2021 OSA Nick Holonyak Jr Award.
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Cover: Osram’s new
edge-emitting laser
chip design can match
and even exceed the
wavelength stability
of vertical-cavity
surface-emitting
lasers (VCSELs) at up

to 125°C typical for automotive applications.
A smaller wavelength filter on the detector
boosts the signal-to-noise ratio for LiDAR
in autonomous vehicles. p47 



The coronavirus crisis over the last year led to a reduction in automobile
production and hence demand for chips that go into them. Meanwhile, the
trend to remote home-based work/entertainment has led to booming demand
for optical and wireless communications equipment (infrastructure and
consumer electronics) and hence the associated chips. 
So, there has been disruption and realignment of supply chains (from one

application to another), especially because so many firms outsource wafer
processing to a limited number of foundries, particularly Taiwan’s TSMC. 
Now, despite a rebound in auto demand, over the last month the strain

on the supply of silicon chips has led to many major automobile as well as
consumer electronics manufacturers worldwide having to idle their plants. 
This has coincided with Intel resorting increasingly to outsourcing to TSMC

for the latest, most challenging chip technology generation, especially after
delays with its own in-house manufacturing technology development. 
The US government is hence concerned about vulnerability in growing

dependence on imported ICs, leading to the new Biden administration’s
‘CHIPS for America Act’, aiming to fund (via last year’s National Defense
Authorization Act) a reversal in the 50% decline in the USA’s share of
global semiconductor manufacturing capacity over the last 20 years. 
TSMC is also the manufacturing partner for US-based Navitas, which was

founded in 2014 and recently shipped its 13 millionth gallium nitride on silicon
(GaN-on-Si) power IC (see page 22). Meanwhile, GaN Systems (founded
in 2008) has shipped its 20 millionth GaN transistor, while foundry partner
TSMC prepares to complete a 40-fold capacity expansion in 2021 (page 20).
GaN-on-Si power ICs are comparatively insulated from the supply &
demand issues of commodity silicon ICs. However, as GaN technology is
rapidly being adopted (e.g. in 5G wireless base-stations and fast chargers
for consumer electronics), similar supply vulnerabilities may arise. 
The USA, in particular, is sensitive to the strategic importance of GaN in

defense electronics (a reason for blocking Germany-headquartered and also
US-based GaN MOCVD system maker Aixtron’s sale to China’s Grand Chip
Investment in 2016). However, UK-based Compound Semiconductor Centre
(CSC, a joint venture involving epiwafer foundry IQE) and fellow Wales-based
Newport Wafer Fab have received UK government funding to develop a
GaN-on-Si high-electron-mobility transistor (HEMT) foundry process on
200mm wafers (see page 25), initially targeting automotive applications in
inverters in electric vehicles (EVs), then fast chargers and solar inverters etc. 
More immediately, power electronics is migrating rapidly from silicon to

silicon carbide (SiC) technology. The SiC-based power electronics &
inverter market is forecasted to rise at a compound annual growth rate
(CAGR) of 32.5% from just $542.2m in 2020 to $3888.2m in 2027 (page 6).  
Correspondingly, investments in SiC manufacturing are accelerating. Cree

— which, after divesting its remaining LED business, is soon to assume the
name of its Wolfspeed RF & power electronics business — is to start up its
Mohawk Valley SiC fab equipped for 200mm-diameter substrates, skipping
150mm (page 16). 
However, while the USA and Europe are strong in the technology, SiC could

become more contentious internationally — the US Justice Department has
just charged a Chinese semiconductor start-up’s VP of sales with conspiring
with an engineer at General Electric to steal that firm’s SiC MOSFET IP. 
Mark Telford, Editor 
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The global silicon carbide (SiC)-
based power electronics & inverter
market is projected to reach
$3888.2m by 2027, rising at a
compound annual growth rate
(CAGR) of 32.5% during the fore-
cast period, estimates Fortune
Business Insights in its report 
‘SiC Based Power Electronics &
Inverter Market, 2020–2027’. The
market was just $446.3m in 2019.
Growing presence of startups
to transform market landscape
Silicon carbide and gallium nitride
based semiconductors are rapidly
being adopted in the power elec-
tronics industry due to their 
superior properties, such as the
ability to withstand high voltages.
Recognizing the potential of these
materials, innovative startups have
emerged. For example, UK-based
Anvil Semiconductors develops 
SiC-based power systems that have
wide applicability across industries,
including traction systems in the
rail industry. Similarly, Belgium-
based EpiGan manufactures 
GaN-on-silicon epiwafers for power
switching applications, especially
for 5G networks. As these startups
continue to innovate, SiC-based
power electronics & inverter products
should therefore see escalating
demand in the near future, reckons
the report. 
COVID-19 impact
The sudden eruption of the 
COVID-19 pandemic in March 2020
ushered in a period of massive 
supply chain disruptions in the
electronics industry. With strict
lockdowns and social distancing
measures in place, manufacturing
and production activities in the
industry have taken a severe blow.
However, these events have not had
serious ramifications for the SiC-
based power electronics & inverter
market growth. In fact, the market

registered a healthy CAGR of 21.5%
and reached $542.2m in 2020. 
This can be attributed to the strong
demand for consumer electronics
and the increasing adoption of con-
nected devices amid the pandemic.
Market segments
Based on type, the market has been
bifurcated into power electronics
and inverters. 
On the basis of end-use industry,

the market has been segregated into
automotive, consumer electronics,
IT & telecoms, aerospace & defense,
and others. By applications segment,
automotive led the market with a
share of 47.8% in 2019. By geo-
graphic region, China led with a
share of 49.2%. 
Driving factor — creation of SiC
electronics to boost market
Leading companies in the automotive
electronics domain have been 
innovating next-generation SiC-
based
power
electronics
& inverter
solutions
to meet
the evolv-
ing energy
demands
of con-
sumers.
For exam-
ple, in
June 2018
Bosch
announced
plans to
building a
SiC semi-
conductor
manufac-
turing
facility.
According
to Bosch,
using SiC-

rather than silicon-based devices
can reduce energy lost as heat by
50%. Another example is the 2019
partnership between Delphi and
Cree, in which Cree’s SiC MOSFETs
were combined with Delphi’s invert-
ers to reduce the power module’s
overall temperature while facilitat-
ing higher output. Such innovations
in the automotive electronics
domain are rapidly raising the
potential of this market. 
Regional insights — rapid growth
of ASEAN manufacturing sector
to drive Asia-Pacific market
The Asia-Pacific region is expected
to dominate the SiC-based 
power electronics & inverter market
during the forecast period due to
the phenomenal progress displayed
over the past decade by the 
manufacturing sector in the ASEAN
countries, which have a strong
electronics manufacturing base and
have excelled in semiconductor
development. In 2019, the Asia-
Pacific market stood at $188.7m. 
In Europe, the robust presence

and high-tech investments by the
region’s auto giants will stimulate
the regional market for SiC-based
power electronics & inverter, fore-
casts the report. In North America,
the widespread adoption of con-
sumer electronics will foster long-
term growth of the market, it adds. 
Competition in this market is set

to intensify as key players are
actively entering contractual part-
nerships with fellow participants.
These partnerships aim to expand
market footprint in a mutually 
coordinated manner while 
augmenting each other’s R&D
capacities as well as production
capabilities for SiC-based power
electronics & inverter devices. 
www.fortunebusinessinsights.com/
sic-based-power-electronics-and-
inverter-market-104880 
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capabilities for SiC-
based power
electronics &
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The RF gallium nitride (GaN) 
market was $665.81m in 2020,
and is rising at a compound annual
growth rate (CAGR) of 30.58% to a
projected $3057.397m in 2026,
according to the report ‘RF GaN
(Radio-frequency Gallium Nitride)
Market – Growth, Trends, COVID-19
Impact, and Forecasts (2021 – 2026)’
by Mordor Intelligence LLP. 
One of the major factors driving

demand is the increasing adoption
of RF GaN in electric vehicles (EVs).
Silicon carbide devices are already in
use in the onboard battery chargers
of electric buses, taxis, lorries, and
passenger cars. In addition,
increasing government regulations
in favor of the EV market globally
are further stimulating RF GaN
market demand. For example, in
India, the NITI Aayog Action Plan
for Clean Transportation (released
in 2018) recommended eliminating
all permit requirements for EVs, in
order to encourage electric mobility.
Moreover, according to the Inter-
national Energy Agency, almost 
1.5 million battery electric vehicles
(BEVs) were sold worldwide in 2018.
These factors indicate that the
growth of electric vehicles is
expected to boost the adoption of
RF GaN over the forecast period. 
Artificial intelligence, augmented

reality and other sensing technolo-
gies require low latency for various
applications like mission-critical
end-use applications. This should
further drive demand for RF GaN
devices. 
Through strategic partnerships,

R&D and mergers & acquisitions,
some of the prominent players in the
industry have been able to further
the technology, fueling market
growth over the forecast period.
For example, in February 2019,
MACOM Technology Solutions and
STMicroelectronics announced an
expansion of the 150mm GaN-on-Si
production capacity in ST’s fabs, 
as well as 200mm, as per demand.
The expansion is designed to 
service the worldwide 5G telecom
infrastructure buildout. 

The increasing implementation of
Internet of Things (IoT) devices is
expected to lead to signal congestion
and will demand the use of GaN
technology that can amplify power,
capacity and the bandwidth required
for communicating with all inter-
connected devices, says the report.
5G technology is expected to unleash
a massive IoT ecosystem that will
increase the user-base manifold and
increase demand for these semi-
conductors as network operators have
to serve billions of connected devices.
Key market trends 
The report notes that there is strong
demand from the telecom infra-
structure segment, driven by
advancements in 5G implementation. 
Due to the ability to provide higher-

frequency data bandwidth connec-
tions, GaN RF technology is becoming
the ideal choice for network service
providers. These devices help to
ensure that the device generates
maximum frequency at the necessary
band and also prevents any inter-
ference from other frequency bands. 
The deployment of GaN RF power

devices will enable advanced mobile
devices to offer speeds that will allow
consumers to upload and download
high-quality content (such as music
and photographs) and also play
online games and watch online 
TV shows on maximum frequency
bands, which is expected to lead to
a rise in their adoption rates. 
Moreover, firms are investing in the

development of 5G core services
and architecture. For example, in
January 2019 ZTE Corp completed
the IMT-2020 third phase of 5G test
for core network performance stability
and security function, thoroughly
verifying the maturity of ZTE’s 5G
core network. 
Most carriers were expected to roll

out 5G in second-half 2019, and
most deployments should take place
in urban areas. According to the
Ericsson Mobility report November
2019, VoLTE subscriptions numbered
2.1 billion, and will reach 6.4 billion
in 2025, accounting for over 85% of
combined LTE and 5G subscriptions. 

In June 2019, China granted com-
mercial licenses to four state-owned
telecom giants (China Telecom,
China Mobile, China Unicom, and
China Radio and Television) to start
rolling out 5G services, indicating
Beijing’s determination to be the
global leader in setting up superfast
wireless networks amid tensions with
the USA over technology and trade. 
APAC to see significant growth 
The Asia-Pacific region’s discrete
semiconductor industry is driven by
China, Japan, Taiwan and South
Korea, which together constitute
about 65% of the global discrete
semiconductor market, while others
(like Vietnam, Thailand, Malaysia
and Singapore) also contribute 
significantly to the region’s domi-
nance in the market. 
According to the Indian Electronics

and Semiconductor Association, the
country’s semiconductor component
market is expected to hit $32.35bn
by 2025, registering a CAGR of
10.1% over 2018–2025. The country
is a lucrative destination for global
R&D centers. The Indian govern-
ment’s ongoing Make In India 
initiative is hence expected to
result in huge investments in the
semiconductor market. 
Over the last few years, the RF

industry has received a boost from
the implementation of GaN technol-
ogy. GaN is the main driver in 
telecom and defense applications.
South Korean fabless RF GaN firm
WAVEPIA offers cutting-edge GaN
systems for RF energy, along with
GaN transistors that support growing
telecom and defense markets. 
The increasing focus on investments

to develop infrastructure, in order to
support 5G technology, is expected
to lead to a surge in demand for 
RF semiconductors across the APAC
region. For example, according to
the GSM Association, mobile opera-
tors in the Asia-Pacific region are
expected to invest over $400bn in
their networks between 2020 and
2025, of which $331bn will be
spent on 5G deployments. 
www.mordorintelligence.com/

RF GaN market growing at 30.58% to $3057.4m by 2026 



For fiscal third-quarter 2021 (ended
2 January), Qorvo Inc of Greensboro,
NC, USA (which provides core 
technologies and RF solutions for
mobile, infrastructure and defense
applications) has reported 
more-than-expected revenue of
$1094.8bn (as much as $34.8m
over the $1060m midpoint of guid-
ance). This is up 11% on $1060.3m
last quarter (after adjusting that for
what was a 14–week quarter, since
fiscal 2021 is a 53-week year) and
up 26% on $869.1m a year ago. 
The sequential growth was driven

by Mobile Products revenue of $826m
(75.4% of total revenue), up 9.5%
on $754m (71.1% of total revenue)
last quarter (due to seasonal
demand effects plus the ramp of
higher-content 5G smartphones)
and up 24.8% on $662m a year ago. 
Infrastructure & Defense Products

(IDP) revenue was $269m (24.6%
of total revenue), down 12% on
$306m (28.9% of total revenue)
last quarter but up 30% on $207m
a year ago due to robust Wi-Fi
demand and double-digit growth
from defense, programmable power
management and Internet of Things
(IoT) markets. 
Strategic highlights are listed as: 

Mobile Products 
● expanding shipments of complete
main-path solutions (low-band,
mid/high- and ultra-high-band
modules) across the leading 5G
basebands and securing design
wins to supply next-generation
complete main-path solutions in
support of upcoming Android 5G
smartphone launches in 2021; 
● commencing shipments of
Qorvo’s first generation of mid/high-
band dual-connectivity modules
(DCMs) to the leading Android
smartphone maker, leveraging
Qorvo’s high-performance BAW
(bulk acoustic wave) filtering in the
diversity path for receive & transmit; 

● launching a next-generation 
BAW process, increasing bandwidth
and reducing insertion loss in 
ultra-high-band and Wi-Fi 6E 
applications; 
● beginning production shipments
of Wi-Fi 6E solutions to top-tier
Android OEMs, supporting
increased capacity and lower
latency in a range of smartphones
and other mobile devices; 
● increasing ultra-wideband (UWB)
customer engagements in smart-
phones and a broadening range of
consumer applications, including
tracker tags, smart speakers, smart
TVs and other smart home appli-
ances. 
Infrastructure & Defense Products 
● in infrastructure, securing design
wins with multiple base-station
OEMs to support US 5G C-band
deployments in the USA (for which
the spectrum auctions are in the
process and initial deployments are
expected later this year) and
receiving the Best Comprehensive
Performance Award from China’s
ZTE for supporting their initial roll-
out of 5G base stations in 2020; 
● in defense business, achieving
strong growth, driven by domestic
airborne radar & communications
applications and GaN products for
international radar programs; 
● in connectivity, commencing
shipments of 5GHz Wi-Fi 6 BAW 
filters and sampling 6GHz Wi-Fi 6E
front-end modules (FEMs) for
routers and gateways, maximizing
throughput and range for high-
bandwidth applications such as
video conferencing and online gam-
ing (demand for Wi-Fi 6 solutions
has been strong across MSOs and
retail segments, and Qorvo is see-
ing continued strength as Wi-Fi 6
deployments are still in the early
phases); 
● in the connected car, being
selected to supply 5G/LTE, C-V2X

and Wi-Fi automotive-qualified
products to multiple OEMs, including
Audi, BMW and Volvo; 
● in low-power wireless, being
selected to supply the leading 
TV manufacturer with low-power
multi-protocol SoC and custom
software, enabling solar-charging
remote controls. 
The combination of strong end-

market demand and ongoing
efforts to improve the portfolio are
driving productivity, and carefully
managed inventories are yielding
record results, says the firm. 
On a non-GAAP basis, gross margin

has risen further, from 49.3% a
year ago and 51.7% last quarter to
54.4%, well above the 52.5% guid-
ance due to better-than-expected
volumes, pricing and mix as well as
lower-than-expected manufacturing
and inventory costs. 
Although up on $175.6m a year

ago, operating expenditure (OpEx)
has been cut from last quarter’s
$218.6m (20.7% of sales) to just
$194.2m (17.7% of sales) — 
better than the expected $205m —
due largely to timing on develop-
ment programs. 
Net income has risen from further,

$220.8m ($1.86 per diluted share)
a year ago and $282.3m ($2.43 per
diluted share) last quarter to
$356.7m ($3.08 per diluted share,
well above the $2.65 guidance). 
Qorvo hence exceeded its fiscal

third-quarter guidance on revenue,
gross margin and EPS. 
Cash flow from operations was

$403.7m (up from $281m last
quarter). Capital expenditure (CapEx)
was $36.1m (down from $43.6m).
Free cash flow was hence $367.6m
(margin of 33.6% of sales), up from
$237.4m last quarter (22.4% margin). 
During the quarter, Qorvo repur-

chased $160m of shares. The firm
also retired its 2026 notes. It also
called the remaining 2025 notes. 

News: Microelectronics 
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Qorvo revenue grows a more-than-expected 11%
in December quarter 
Mobile growth driven by 5G, while Wi-Fi 6 aids 25% year-on-year
growth in Infrastructure & Defense 



Cash and cash equivalents hence
amounted to $1234m. The debt
balance has now been reduced to
$1.7bn. “Our leverage remains low,
and our revolver is untapped,”
notes chief financial officer Mark
Murphy. The weighted average
maturity of the firm’s debt is late
2029 and it has no material near-
term maturities. 
“With our financial flexibility, we

can focus on developing technology,
supporting customers and making
prudent organic and inorganic
investments that support long-term
earnings and free cash flow growth,”
says Murphy. “To that end, we 
continue to advance our BAW, SAW,
GaN, GaAs, packaging and other
core technologies and fund UWB,
programmable power management,
biotechnologies, MEMS and other
promising areas,” he adds. 
“Qorvo delivered an exceptional

quarter, helping our customers
keep the world connected through
the deployment of 5G, the roll-out
of Wi-Fi 6 and 6E, and emerging
technologies like precision location
ultra-wideband,” says president & CEO
Bob Bruggeworth. “We are sustain-
ing technology leadership in these
markets and innovating in new
ones including biotechnologies.” 
In January, Qorvo was selected by
the US National Institutes of Health
(NIH) for its Rapid Acceleration of
Diagnostics initiative (RADx) for its
program to add COVID-19 antigen
testing capacity, utilizing Qorvo’s
Omnia test platform (a complete
test solution enabled by the firm’s
high-frequency BAW filters that is
currently pending Emergency Use
Authorization from the US Food and
Drug Administration). 
“We expect robust end market

demand to continue into the March
quarter, driving strong year-over-
year revenue growth and operating
margin expansion,” says Murphy. 
For fiscal fourth-quarter 2021 

(to end-March), Qorvo expects rev-
enue of $1.025–1.055bn (up about
32% year-on-year, from $787.8m 
a year ago). “Outlook reflects 
sustained broad customer demand
stemming from multi-year technol-

ogy upgrade cycles,” notes Murphy. 
“In Mobile, demand for 5G is

adding RF complexity and driving
higher content,” he adds. “The
breadth of our customer base and
firm demand signals provide confi-
dence and stability in our outlook.”
Mobile revenue is expected to be
about $770m, down sequentially
(showing typical seasonality) 
but up more than 35% on $556m 
a year ago. 
IDP revenue should be $270m,

flat sequentially (as is expected
seasonally) but sustaining strong
double-digit year-on-year growth
(from $232m a year ago), driven by
Wi-Fi 6 demand and other markets,
even as 5G infrastructure build-outs
remain uneven. 
Gross margin should be 50.5–51%,

up more than 100 basis points
year-on-year at the midpoint of
guidance but down sequentially.
“We’re trying to keep inventories
low, so that will keep a check on
absorption,” notes Murphy. “We’re
ramping some lower-margin prod-
ucts, so currently we’re just still
working down the cost curve on
those. They’re important longer
term. Some
of those
products are
coming into
the March
quarter, and
then that
actually
continues
on into the
June quar-
ter. And
there are
some other
mix dynam-
ics as well,
including
some less
defense in
the March
quarter.” 
Operating

expenses
are pro-
jected to
rise back up
to levels

previously guided of about $207m.
Operating margin is expected to be
over 30.5% for the third consecu-
tive quarter. Diluted earnings per
share should be $2.42. 
Capital expenditure will increase

as Qorvo works to meet near-term
demand and support long-term
supply agreements with multiple
customers. However, CapEx should
remain below $200m (less than 5%
of sales) for fiscal 2021. 
For the full fiscal year, Qorvo is on

track to achieve record revenue for
base-station business (up about
60% year-on-year), driven “mainly
by strength in deployments in Asia
and the adoption of massive MIMO
antennas where GaN has been
selected many, many times over
LDMOS,” notes IDP Group president
James Klein. “We’ve been able 
to support many of the major 
frequency bands that have been
rolled out in China.” 
Qorvo now projects full-year oper-

ating margin of 31.5% (exceeding
the lower end of the margin model
laid out previously), OpEx of about
20% of sales, diluted earnings per
share of over $9.40 (up nearly 50%
year-on-year), and free cash flow
of about $1bn (up from the previous
forecast of $900m). 
“[Base-station] deployments will

slow during the first half of the 
calendar year, and then we expect
those to start to accelerate in the
second half. Additionally, with the
C-band auctions nearly complete in
the US, we do expect deployments
to start later in the year, and we 
do expect those to include both
massive MIMO antennas and 
GaN power amplifiers,” says Klein.
“And then, obviously, we’re in the
early stages of 5G deployment, and
we expect those deployments to
continue both in China and around
the world as we go through the
next several years,” he adds. 
“As 5G, Wi-Fi 6 and 6E, ultra-

wideband and other connectivity
protocols are rolled out globally,
Qorvo is well-positioned to expand
our technology reach,” concludes
Bruggeworth. 
www.qorvo.com 

Base-station
deployments will
slow during the
first half of the 
calendar year,
and then we
expect those to
start to accelerate
in the second
half... With the 
C-band auctions
nearly complete
in the US, we do
expect deployments
to start later in
the year, and we
do expect those 
to include both
massive MIMO
antennas and GaN
power amplifiers
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For fiscal first-quarter 2021 (to 
1 January), Skyworks Solutions Inc
of Woburn, MA, USA (which manu-
factures analog and mixed-signal
semiconductors) has reported record
revenue of $1510m (more than
$455m above the midpoint of the
$1040–1070m guidance). This is
up 58% (rather than the expected
10%) on $956.8m last quarter and
up 69% (rather than the expected
18%) on $896.1m a year ago. 
Revenue from Skyworks’ largest

customer (which has just launched
its first 5G phones) was about 70%
of total revenue (up from the 
low-60s a year before). However,
“All our other customers, all our
other segments, every region
[including China] was up double
digits sequentially and strong double
digits on a year-over-year basis,” 
notes chief financial officer Kris
Sennesael. Growth was driven by
increasing adoption of Mobile solu-
tions with all smartphone OEMs
along with record Broad Market
revenue and customer reach. 
“Skyworks started the new fiscal

year with record results, clearly
demonstrating the breadth and
depth of our business model, 
from tier-1 Mobile to thousands of
Broad Market customers,” says
president & CEO Liam Griffin. 
For the Mobile business sector

(Integrated Mobile Systems and
Power Amplifiers), revenue grew
80% both sequentially and year-
on-year, driven largely by wide-
spread content increases as 5G
phones are ramping with all major
smartphone brands worldwide. 
For the Broad Markets business

sector, revenue grew to $326m, 
up 10.5% on last quarter’s record
$295m and up 35% year-on-year,
benefiting from a diverse set of use
cases supporting “work, play, learn
from anywhere, and increasing
adoption of technologies such as
Wi-Fi 6 and Wi-Fi 6E (extended
band) along with the continuous
momentum in our audio solutions
business”. 

“We are proud to play an instru-
mental role in shaping the fast-
evolving landscape, collaborating
with our partners and customers,
leveraging key technologies from
TC-SAW [temperature-compensated
surface acoustic wave] to high-per-
formance BAW [bulk acoustic wave]
filtering, silicon-on-insulator (SOI),
gallium arsenide (GaAs), and 
state-of-the-art packaging technolo-
gies,” says Griffin. “Our strong results
in Q1 demonstrate our execution
around these themes,” he adds. 
Specifically: 

● In Mobile, Skyworks accelerated
the ramp of its Sky5 portfolio, sup-
porting the next wave of 5G
launches at South Korea’s Samsung
as well as China’s Oppo, Vivo and
Xiaomi and other tier-1 players. 
In Internet of Things (IoT), the firm
captured design wins across a
diversified array of new customers.
Specifically, it partnered with ASUS
on the launch of the world’s first
Wi-Fi 6E connected home router.
Skyworks shipped Wi-Fi 6 solutions
for access points at leading network
OEMs including Cisco, NETGEAR,
TP-Link and Aruba, and launched
Wi-Fi 6 engines for CenturyLink’s
latest GPON media gateway. The
firm also captured new design wins
at Google for their latest Fitbit
smartwatch. In addition, Skyworks
delivered low-latency cognitive
audio solutions, powering wireless
gaming headsets at multiple tier-1
accounts including Turtle Beach and
SteelSeries. 
● In Industrial, Skyworks ramped
Itron’s multi-standard ISM connec-
tivity solutions for smart cities. 
● In Infra-
structure, it
commenced
volume ship-
ments of 5G
amplifier and
receive mod-
ules, support-
ing multiple
European base-
station OEMs. 

● In Automotive, Skyworks accel-
erated shipments of advanced 
connectivity solutions supporting the
world’s premier electric vehicle (EV)
manufacturer. It leveraged V2X solu-
tions with Volkswagen and Toyota
for their enhanced safety systems,
and partnered with MediaTek for
emerging 5G reference design,
specifically targeted at automotive
and other IoT applications. 
Despite a very tight supply chain

environment, non-GAAP gross margin
has risen further, from 50.1% a
year ago and 50.4% last quarter to
51.1% (exceeding the expected
50.25–50.75%, and above 51% for
the first time in eight quarters). 
Operating expenses have

increased, from $134m a year ago
and $147m last quarter to $149m,
albeit falling from 15% to 10% of
revenue, “demonstrating strong
leverage in our operating model,
while continuing our strategic
investments in support of future
growth,” says Sennesael.
Net income has risen further,

almost doubling year-on-year from
$288.8m ($1.68 per diluted share)
a year ago then $312.2m ($1.85
per diluted share) last quarter to
$560m (a record $3.36 per diluted
share, exceeding the $2.06 guidance
by $1.30). 
“We established new quarterly

records for revenue, operating
margin and earnings per share,
demonstrating both the power of
our financial model and unique
opportunity to lead the global tran-
sition to more advanced wireless
communications,” says Griffin. 
Operating cash flow was $485.1m

(up from $267m last quarter). 
Capital expenditure (CapEx) was
$119m (down from $146m). 
Skyworks paid $83m in dividends
and spent $196m to repurchase 
1.4 million shares of common stock
at an average price of about $139 per
share. Overall, during the quarter,
cash, cash equivalents and market-
able securities rose from $980m to
$1019.3m. Skyworks has no debt. 

We established
new quarterly
records for
revenue,
operating
margin and
earnings per
share
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Skyworks’ quarterly revenue grows 58% to record $1.51bn 
5G and Wi-Fi 6 driving greater-than-expected growth 
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“We will continue to return most 
of our free cash flow back to the
shareholders,” says Sennesael.
Skyworks’ board of directors has
hence declared a cash dividend of
$0.50 per share of common stock,
payable on 9 March to stockholders
of record at the close of business
on 16 February. The board has also
authorized a new $2bn stock repur-
chase program (replacing the exist-
ing two-year $2bn program approved
by the board on 30 January 2019,
which had about $783m of repur-
chase authority remaining on expiry).
This “reflects their confidence in our
business model driven by sustained
above-market growth and strong
cash flow generation,” comments
Sennesael. 
“Demand for our proven solutions

continues to accelerate across a
growing set of customers and end
markets, powering the world’s
most impactful use cases, from 
5G mobile platforms to IoT, wire-
less infrastructure, autonomous
transport and machine-to-machine
installations,” notes Griffin. 
“Importantly, the multi-year wire-
less transition is now underway,
creating a burgeoning set of new
opportunities. With deep customer
engagements, underpinned by
decades of technology investments
and scale, Skyworks is uniquely
positioned to lead,” Griffin 
reckons. 
“We expect the continued and

rapid adoption of multiple wireless
protocols and expanding use cases
to drive strong year-over-year
growth,” says Sennesael. 

In fiscal second-quarter 2021 
(to end-March), Skyworks expects
revenue growth to $1.125–1.175bn,
up 50% sequentially. This is despite
some seasonality with Skyworks’
largest customer. “If you look at the
revenue in Mobile outside of our
large customer, as well as the 
revenue in growth markets, it will
be up double digits sequentially,
which is a lot stronger than normal
seasonality,” notes Sennesael. “It
further accelerates our year-over-year
revenue growth with all those
accounts, the Korean, the Chinese
[Oppo, Vivo, Xiaomi], as well as
thousands of Broad Market cus-
tomers.” 
Fiscal Q2/2021 gross margin should

be 50.5–51%. Operating expenses
is expected to rise to $150–152m.
Diluted earnings per share should
grow by 75% to $2.34. 
“The demand for always-on con-

nectivity is accelerating and
extending into new applications,
including telemedicine, high-speed
video conferencing, remote learn-
ing, autonomous transport, essen-
tial services for the infrastructure
markets, store-to-door delivery,
and touchless commerce. This is a
global phenomenon, where
upgrades of key technologies are
increasingly critical in the face of
the ongoing pandemic,” says Griffin.
“The investments we’ve made over
the last two decades have prepared
Skyworks to address these 
challenges. The mobile and wire-
less ecosystems will benefit from
these dynamics, yet outsized gains
will largely accrue to those 

companies that have invested
deeply in core technology and scale.
These gains are being driven by
both a growing device count and an
expanding content per device, in
some cases doubling or even
tripling for Skyworks,” he adds. 
“We are seeing the confluence of

multiple market developments, a
significant rise in device complexity
and expansion in wireless spectrum
and band count combined with a
technology bar that has never been
higher. These trends directly trans-
late to increased opportunity for
Skyworks with both new and exist-
ing customers,” continues Griffin.
“With essential technologies and
scale propelling performance gains
across a broad set of applications,
our purpose-built solutions address
all key network protocols, spanning
5G, Wi-Fi-enhanced UPS and 
Bluetooth. Additionally, we expect
the current C-band auction to be a
catalyst, with new spectrum 
creating significant content oppor-
tunities for our Sky5 platform.
While smartphones were the first 
to embrace 5G, the performance
gains will power a broad set of use
cases, extending into billions of IoT
devices,” he adds. “Looking ahead,
we see 5G as a transformative
technology, catalyzing new appli-
cations, while acting as the univer-
sal connector from the home to the
car to the factory floor. Skyworks is
solidifying market leadership as
connectivity meaningfully alters the
way we live, work, play and educate,
not just from home, but from any-
where.” 

Skyworks’ board of directors has
authorized the repurchase of up to
$2bn of its common stock from
time to time prior to 26 January
2023, on the open market or in
privately negotiated transactions,
in compliance with applicable
securities laws and other legal
requirements. 
The newly authorized stock

repurchase program replaces in its

entirety the $2bn stock repurchase
program that was approved by the
board of directors on 30 January
2019, and had about $783m of
repurchase authority remaining. 
The timing and amount of any

shares that are repurchased under
the new program will be determined
by the company’s management
based on its evaluation of market
conditions and other factors. 

The repurchase program may be
suspended or discontinued at any
time. Any repurchased shares will
be available for use in connection
with the company’s stock plans
and for other corporate purposes. 
Skyworks expects to fund the

repurchase program using working
capital. As of 1 January, it had cash
and marketable securities of $1bn. 
www.skyworksinc.com

Skyworks announces new $2bn stock repurchase program 



Infineon Technologies AG of
Munich, Germany has launched 
a 650V CoolSiC Hybrid IGBT 
(insulated-gate bipolar transistor)
portfolio in a discrete package with
650V blocking voltage. 
The CoolSiC Hybrid product family

combines key benefits of the 650V
TRENCHSTOP 5 IGBT technology
and the unipolar structure of 
co-packed Schottky barrier CoolSiC
diodes. 
With what is said to be superior

switching frequencies and reduced
switching losses, the devices are
especially suitable for DC–DC
power converters and power factor
correction (PFC). These can typi-
cally be found in applications such
as battery charging infrastructure,
energy storage solutions, photo-
voltaic inverters, uninterruptable
power supplies (UPS) as well as
server and telecom switched-mode
power supplies (SMPS).
Due to a freewheeling silicon carbide

(SiC) Schottky barrier diode co-
packed with an IGBT, the CoolSiC
Hybrid IGBTs perform with signifi-
cantly reduced switching losses at
almost unchanged dv/dt and di/dt

values. Compared with a standard
silicon diode solution, they offer up
to 60% reduction in Eon and 30%
reduction in Eoff. Alternatively, the
switching frequency can be increased
at least by 40% with unchanged
output power requirements. 
A higher switching frequency can
allow a reduction in passive compo-
nents size and thus lower bill-of-
material cost. The Hybrid IGBTs can
be used as a drop-in replacement
for TRENCHSTOP 5 IGBTs, allowing
an improvement in efficiency of
0.1% for each 10kHz switching fre-
quency without redesign efforts.
The product family creates a

bridge between pure silicon solu-

tions and high-performing SiC
MOSFET designs. Even more, in
comparison to pure silicon designs,
Hybrid IGBTs can improve electro-
magnetic compatibility and system
reliability, says Infineon. Because of
the unipolar nature of Schottky
barrier diodes, the diode can switch
quickly without severe oscillations
and risk of parasitic turn-on. 
Customers can choose between a
TO-247-3 pin or a TO-247-4 pin
Kelvin emitter package. The fourth
pin of the Kelvin emitter package
allows for an ultra-low-inductance
gate-emitter control loop and
reduces the total switching losses. 
The CoolSiC Hybrid discrete IGBT

family follows the path of previ-
ously released CoolSiC Hybrid IGBT
EasyPACK 1B and 2B modules with
both an IGBT chip and CoolSiC
Schottky diode. 
Available for order now, the 

discrete portfolio comprises 40A,
50A and 75A 650V TRENCHSTOP 5
ultra-fast H5 IGBTs co-packed with
half-rated CoolSiC Gen 6 diodes, or
medium-speed S5 IGBTs co-packed
with full-rated CoolSiC Gen 6 diodes. 
www.infineon.com/coolsic 

TO-247-3 pin and TO-247-4 pin
packaged 650V CoolSiC Hybrid IGBTs. 
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Infineon launches 650V CoolSiC Hybrid IGBT discretes 
650V TRENCHSTOP 5 IGBT technology combined with 
unipolar structure of co-packed CoolSiC Schottkys 

Power semiconductor maker 
ROHM Semiconductor says that its
silicon carbide (SiC) metal-oxide-
semiconductor field-effect transis-
tors (MOSFETs) are being utilized
by MidNite Solar Inc of Arlington,
WA, USA (a producer of alternative
energy products) to drive efficiency
and reduce system cost in four
products new to the US market:
the Hawkes’s Bay 600VDC-to-48VDC

6000W MPPT (maximum power
point tracking) solar charge 
controller, powerful Barcelona 
dual MPPT charge controller,
MNB17 advanced battery-based
charger/inverter, and 120/240V
Rosie inverter/charger. 

“SiC power devices offer vastly
improved energy efficiency over
the silicon parts they replace, and
the cost premium has come down
significantly, enabling a wider range
of applications to benefit from
these devices for better system
performance and value,” says Ming
Su Ph.D., technical marketing man-
ager at ROHM Semiconductor. 
“Silicon carbide solves a key 

challenge,” explains MidNite Solar’s
principal owner & engineering man-
ager Robin Gudgel. “Regular silicon
MOSFETs have a very slow body
diode. Therefore, trying to make an
inverter work as a charger where it
must run bidirectionally is very dif-

ficult,” he adds. “We were looking
at an IGBT [insulated-gate bipolar
transistor] pair in combination with
another diode, but silicon carbide is
such a good solution, and ROHM’s
devices did not require any signifi-
cant design changes.” 
MidNite Solar has incorporated

ROHM’s 60mΩ RDS(on) (on-resistance)
SiC devices and newer 30mΩ
RDS(on) products in its new solar
product ranges. Gudgel expects
reliability to be excellent, as the
design is running cool. Driving the
parts should be simple, as ROHM
also supplies the gate drivers. 
www.rohm.com/web/global/
sic-mosfet 

ROHM’s SiC MOSFETs used by MidNite Solar
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Power semiconductor IC supplier
ON Semiconductor of Phoenix, AZ,
USA has launched a range of 650V
silicon carbide (SiC) MOSFET
devices for demanding applications
where power density, efficiency and
reliability are key considerations.
By replacing existing silicon switching
technologies with the new SiC devices,
designers can achieve significantly
better performance in applications
such as electric vehicles (EV) 
on-board chargers (OBC), solar
inverters, server power supply units
(PSU), telecoms and uninterruptible
power supplies (UPS), notes the
firm. 
Since they are based on 

silicon carbide, the new automotive
AECQ101- and industrial-grade-
qualified 650V SiC MOSFETs 
provide superior switching perform-
ance and improved thermals 
compared with silicon, resulting in
improved system-level efficiency,
enhanced power density, reduced
electromagnetic interference (EMI)
and reduced system size and weight. 

The new generation of SiC MOSFETs
employs a novel active cell design
combined with advanced thin wafer
technology enabling what is
claimed to be best-in-class 
figure of merit Rsp (Rdson*area) 
for 650V breakdown voltage. 
The NVBG015N065SC1, 
the NTBG015N065SC1, 
the NVH4L015N065SC1 and the
NTH4L015N065SC1 have what 
is reckoned to be the lowest 
on-resistance Rdson (12mΩ) in the
market in D2PAK7L and To247
packages. This technology is also
optimized around energy loss 
figure of merits, optimizing per-
formance in automotive and indus-
trial applications. An internal gate
resistor (Rg) allows more flexibility
to designers, eliminating the need
to slow down devices artificially
with external gate resistors. Higher
surge, avalanche capability and
short-circuit robustness all contribute
to enhanced ruggedness that 
delivers higher reliability and longer
device lifetimes, says the firm. 

“In modern power applications
such as on-board chargers for EV
and other applications including
renewable energy, enterprise com-
puting and telecoms, efficiency,
reliability and power density are
constant challenges for designers,”
says Asif Jakwani, senior VP of the
Advanced Power Division. “These
new SiC MOSFETs significantly
improve performance over the
equivalent silicon switching tech-
nologies, allowing engineers to
meet these challenging design
goals,” he adds. “The enhanced
performance delivers lower losses
that enhance efficiency and reduce
thermal management needs as well
as reducing EMI. The end result of
using these new SiC MOSFETs is a
smaller, lighter, more efficient and
more reliable power solution.” 
The new devices are all surface-

mount and available in industry-
standard package types including
TO247 and D2PAK. 
www.onsemi.com/products/wide-
bandgap/silicon-carbide-sic-mosfets 

Silicon carbide (SiC) power semi-
conductor supplier GeneSiC Semi-
conductor Inc of Dulles, VA, USA
has announced the availability of its
third-generation 1200V G3R SiC
MOSFETs, with on-resistance
(RDS(ON)) levels ranging from 20mΩ
to 350mΩ. Featuring what are
claimed to be industry-leading per-
formance, robustness and quality,
system benefits are said to include
higher efficiency, faster switching
frequency, increased power density,
reduced ringing (EMI) and compact
system size for automotive and
industrial applications.
Offered in optimized low-inductance

discrete packages (SMD and
through hole), the G3R SiC MOSFETs
are highly optimized for power sys-
tem designs requiring elevated 
efficiency levels and ultra-fast
switching speeds. 

“After years of development work
towards achieving the lowest 
on-state resistance and enhanced
short-circuit performance, we are
excited to release the industry’s
best-performing 1200V SiC MOSFETs
with over 15+ discrete and bare-
chip products,” says president 
Dr Ranbir Singh. “If the next-
generation power electronics sys-
tems are to meet the challenging
efficiency, power density and 
quality goals in applications like
automotive, industrial, renewable
energy, transportation, IT and 
telecom, then they require signifi-
cantly improved device perform-
ance and reliability as compared to
presently available SiC MOSFETs,”
he adds. 
Applications include electric vehicles

(power train and charging); 
solar inverter and energy storage;

industrial motor drives; 
uninterruptible power supplies (UPS);
switched-mode power supplies
(SMPS); bi-directional DC–DC 
converters; smart grid and HVDC;
induction heating and welding; and
pulsed power applications. 
Offered in industry-standard

D2PAK, TO-247 and SOT-227 pack-
ages, all of GeneSiC’s SiC MOSFETs
are usable for automotive appli-
cations (AEC-Q101) and are PPAP-
capable. 
The 1200V SiC MOSFET discretes

are 100% avalanche (UIL) tested
during production. 
All devices are available for 

purchase through the authorized
distributors Digi-Key Electronics,
Newark Farnell element14, 
Mouser Electronics, and Arrow 
Electronics. 
www.genesicsemi.com/sic-mosfet 

ON Semiconductor launches 650V SiC MOSFETs 

GeneSiC launches third-generation 1200V SiC MOSFETs 
On-resistance ranges from 20mΩ to 350mΩ
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The JEDEC Solid State Technology
Association (which develops 
standards for the microelectronics
industry) has published ‘JEP183:
Guidelines for Measuring the
Threshold Voltage (VT) of SiC 
MOSFETs’. The first publication
developed by JEDEC’s JC-70.2 
silicon carbide subcommittee,
JEP183 is available for free down-
load from the JEDEC website. 
JEP183 addresses the critical topic

of accurately measuring the thresh-
old voltage (VT) of silicon carbide
metal-oxide-semiconductor field-
effect transistors, addressing the
unique behavior of SiC MOSFETs. 
The threshold voltage test meth-

ods provided in JEP183 can be used
as a common industry guideline for
measuring VT of SiC power devices,
focused on N-channel vertical-
structure MOSFET technologies,
providing a common baseline for
the SiC MOSFET market. For flexi-
bility, three test methods are
offered that may be applied for
datasheet, process control, tech-
nology development, final tests and
other usage. Threshold voltage is a
key parameter in the evaluation of
changes in the characteristics of
physical stimulus such as voltage

and/or temperature stress. Without
accurately measuring VT, it is not
possible to monitor how device
characteristics are changed by the
stress applied to a device. The
SiC/SiO2 interface of a SiC MOSFET
is more complex than a Si/SiO2

interface, requiring careful handling
of traps in the device with regard to
the change monitoring of charac-
teristics. 
“JEP183 recommends approaches

for precise and repeatable meas-
urements of SiC MOSFET VT, which
will help ensure successful imple-
mentation of SiC devices in auto-
motive and industrial markets,”
notes JC-70.2 subcommittee chair
Dr Jeffrey Casady, Power Die Prod-
uct Marketing Engineering Manager
at Wolfspeed (a Cree Company). 
“With this first SiC-related docu-

ment we are
kicking off a
series of
guidelines
addressing
the needs of
the industry
to work on
commonly
aligned
standards,”

says JC-70.2 subcommittee vice-chair
Dr Peter Friedrichs, vice president
SiC, at Infineon Technologies. 
Formed in October 2017 with 

23 member companies, JC-70 now
has over 60 member companies,
underscoring industry commitment
to the development of universal
standards to help advance the
adoption of wide-bandgap (WBG)
power technologies. Global multi-
national corporations and technology
startups from the USA, Europe,
Middle East and Asia are working
together to bring to the industry a
set of standards for reliability, test-
ing and parametrics of WBG power
semiconductors. Committee mem-
bers include industry leaders in
power GaN and SiC semiconductors,
as well as users of wide-bandgap
power devices, and test & meas-
urement equipment suppliers.
Technical experts from universities
and national labs also provide
input. 
JEDEC says interested companies

worldwide are welcome to join it to
participate in this standardization
effort. The next JC-70 committee
meeting was due to be held on 
16 February on a virtual platform. 
www.jedec.org

JEDEC WBG Power Semiconductor Committee
publishes first guideline for SiC-based devices 
Silicon carbide subcommittee provides threshold voltage test methods 

Comtech Telecommunications Corp
of Melville, NY, USA says that its
subsidiary Comtech Xicom Technol-
ogy Inc of Santa Clara, CA — a part
of Comtech’s Commercial Solutions
segment that makes tube-based
and solid-state power amplifiers
(SSPAs) for satellite communication
(SATCOM) uplink applications —
has received a follow-on order
worth $1.6m for Ka-band SSPAs
that use gallium nitride (GaN) tech-

nology for an in-flight connectivity
(IFC) application. 
“We continue to expand in the

SSPA market with new products,”
says Fred Kornberg, chairman of
the board & CEO of Comtech
Telecommunications Corp. “Our
Bobcat, Puma and Falcon SSPAs
utilize the latest GaN technology to
deliver RF amplification that
enables high-speed satellite com-
munications from ground-based

and airborne terminals,” he adds.
Comtech’s portfolio offers both

Ku-band and Ka-band products for
IFC applications. Comtech Xicom’s
product range encompasses power
levels from 8W to 3kW, with fre-
quency coverage in sub-bands
within the 2–52GHz spectrum.
Amplifiers are available for fixed
and ground-based, shipboard and
airborne mobile applications. 
www.xicomtech.com 

Comtech Xicom awarded $1.6m follow-on order 
for Ka-band solid-state power amplifiers 
GaN-based SSPAs to be used for in-flight connectivity 

JEP183
addresses the
critical topic of
accurately
measuring the
threshold voltage
of silicon carbide
MOSFETs
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As the energy transition progresses,
the expansion of the electricity
grids is becoming increasingly
important, notes Fraunhofer 
Institute for Solar Energy Systems
ISE of Freiburg, Germany. More and
more renewable generation plants
as well as electrical storage systems
are being connected to the grid.
This gives power electronics a deci-
sive role, because it is essential to
connect these systems to the grid.
However, in addition to the mere
feed-in or feed-back of electrical
energy, power electronics must also
perform other grid-supporting tasks.
In the project ‘SiC-MSBat —
medium-voltage inverters with
high-voltage SiC power modules for
large-scale storage and system-
serving distribution grids’,
researchers at the Fraunhofer ISE,
together with partners, have now
developed and commissioned a
highly compact inverter for a direct
feed into the medium-voltage grid. 
Currently, inverters mostly feed

into the low-voltage grid. They are
then coupled to the medium-voltage
grid via large 50Hz transformers.
Use of new types of silicon carbide
(SiC) transistors with very high
blocking voltages now also makes it
possible to connect the inverters
directly to the medium-voltage grid. 
Due to the high control dynamics

of SiC inverters, they can take on
grid-stabilizing tasks and, for example,
act as active power filters to 
compensate for harmonics in the
medium-voltage grid. 
Furthermore, SiC inverters can

achieve much higher power densities
than conventional inverters. 
This results in a compact design,
which is a particular advantage
when plants are to be built in inner-
city areas or existing old plants are
to be retrofitted. In addition to the
mere system costs, construction
and infrastructure costs also play a
very important role, especially in
urban areas. 

Compact design due to high
switching frequency 
As part of the SiC-MSBat project, 
a 250kW inverter stack was devel-
oped for feeding into 3kV AC grids. 
Here, novel 3.3kV SiC transistors

are used. These have significantly
lower power losses than comparable
silicon transistors. This makes it
possible to operate the inverter stack
with a switching frequency of 16kHz.
With state-of-the-art silicon transis-
tors, only about 10 times lower
switching frequencies are possible in
this voltage class, says Fraunhofer
ISE. The high switching frequency
provides savings on the passive
components, as these can be
dimensioned in a smaller format. 
Another special feature of the

inverter is its active liquid cooling
with a synthetic ester as cooling
medium. This medium is pumped
through the inverter and cools both
the transistors via a liquid heat sink
and the filter chokes, which are
housed in a closed tank. At the
same time, the cooling medium for
the filter chokes serves as an elec-
trical insulation medium, allowing
the filter chokes to be made even
more compact. 
The inverter was built and tested

in Fraunhofer ISE’s laboratories,
achieving a very high efficiency rate
of 98.4% at rated power. The design
of the device allows modular inter-
connection of multiple inverter stacks
to achieve system outputs of several
megawatts. Taking into account
additional installation space for

switchgear and cooling unit, a 
volume saving of the inverter system
of up to 40% can be achieved 
compared to commercial inverter
systems of this voltage class. 
The project was funded by the

German Federal Ministry for Eco-
nomic Affairs and Energy (BMWi)
as part of the 6th Energy Research
Program under the sub-area 
‘Integration of Renewable Energies
and Regenerative Energy Supply
Systems’. Project partners were
Semikron Elektronik GmbH & Co KG
and STS Spezial-Transformatoren
Stockach GmbH. Semikron was
responsible for the development of
the 3.3kV SiC modules in the project,
while STS was mainly responsible
for the inductive components. 
Future power electronics at the
medium-voltage level 
Fraunhofer ISE sees many potential
applications for the use of high-
blocking SiC devices in the medium-
voltage range. “Especially for large
photovoltaic (PV) power plants, the
trend is towards higher and higher
voltages,” says Andreas Hensel,
head of team Medium Voltage
Power Electronics. “With the 
1500V PV technology that has been
available for a few years, the low-
voltage directive is already being
fully exploited. The next step here
will be the transition to feed-in at
medium-voltage level, which will
bring further potential for savings
and improvements in the system
concept of PV power plants.” 
In addition to regenerative power

plants and large battery storage
systems, other areas of application
for medium-voltage power elec-
tronics include drive systems and
rail technology. 
For testing such systems, Fraun-

hofer ISE has the multi-megawatt
laboratory, which was inaugurated
in mid-2019. This enables the oper-
ation of medium-voltage systems
with a power of up to 20MVA. 
www.ise.fraunhofer.de

Fraunhofer ISE develops compact inverter for 
direct connection to medium-voltage grid 
SiC-MSBat yields 250kW inverter stack for feeding into 3kV AC grids 



For its fiscal second-quarter 2021
(ended 27 December 2020), for
continuing operations, Cree Inc of
Durham, NC, USA has reported
revenue of $127m, up 5% on
$120.7m a year ago and up 10%
on $115.5m (53% of total revenue)
last quarter (and above the
$118–124m guidance), fueled by
continuing strong demand for 
silicon carbide solutions. 
“The momentum we’re seeing in

silicon carbide reinforces our com-
petence and our growth strategy as
we execute on our long-term plan,”
says CEO Gregg Lowe. 
On 18 October, Cree agreed to 

sell its LED Products business unit
to SMART Global Holdings Inc for 
up to $300m. The transaction is
targeted to close in calendar first-
quarter 2021. This follows Cree’s
sale in May 2019 of its Lighting
Products business unit. “By divest-
ing our LED assets, we have 
established ourselves as a global
pure-play semiconductor power-
house with a sharpened focus on
silicon carbide (SiC) and gallium
nitride (GaN) solutions,” says Lowe. 
“Demand for devices and materials

continues to improve despite the
ongoing uncertainty in the macro-
economic environment,” adds 
chief financial officer Neill Reynolds. 
“In power, momentum continues

to build as our customers have a
demonstrated need for our solutions.
In particular, we’re pleased with 
our 650V [SiC] MOSFET platform,
which continued to gain strong
traction across a number of industry
sectors. While our supply levels
remain below normal due to
COVID-19 safety measures, we
made progress in the quarter and
expect to continue to improve as
we execute our capacity expansion
plan,” Reynolds says. 
“In RF [GaN], our performance

was better due to increased 5G
activity during the quarter with
communications infrastructure

providers. Our backlog continues to
grow, underscoring the growing
opportunity we have as the 5G rolls
out across the globe,” he adds. 
“In materials [SiC substrates], we

saw a modest uptick in order flow
in the quarter, which we expect to
continue throughout the remainder
of fiscal 2021,” says Reynolds. 
On a non-GAAP basis, gross margin

has risen further, from 31% a 
year ago and 34.5% last quarter to
35.4% (despite the impact of $4m
of corporate items). In particular,
gross margin for the Wolfspeed
business (SiC materials and SiC
power devices & GaN RF devices)
was 38.5%, up from 34.6% a year
ago and 36.6% last quarter, driven
by yield and cost improvements in
device product lines. “Gross margin
performance also continues to be
dampened by our continued
COVID-19 safety measures,” notes
Reynolds. 
Operating expenses were $78m

(61.4% of revenue). Net loss was
$26.6m ($0.24 per diluted share),
up from $21.8m ($0.20 per diluted
share) a year ago. 
Operating cash flow was –$29m.

Capital expenditure (CapEx) was
$144.7m. Free cash flow was hence
–$173.7m. During the quarter,
cash and short-term investments
overall fell from $1138.5m to $970m. 
“We had a strong and healthy 

balance sheet with $970m in liquid-
ity to support our growth strategy,
zero withdrawn on our line of
credit, and convertible debt with a
total face
value of
$1bn,” notes
Reynolds. 
For fiscal

third-quarter
2021 (to
end-March),
for continu-
ing opera-
tions Cree
targets rev-

enue of $127–133m. Gross margin
should to be 34.5–36.5%. 
Operating expenses are expected

to rise to $80–81m. “The gradual
ramp in our operating expenses is
fueled by our investments in R&D,
including development projects at
our Mohawk Valley Fab and sup-
porting 200mm wafer development
as well as increased sales & mar-
keting expenses as we pursue new
business opportunities,” says
Reynolds.
Net loss is targeted to be $23–28m

($0.21–0.25 per diluted share). 
“Once the divestiture of Cree’s

LED business is complete, we will
have achieved a major milestone 
in our transformational journey 
to establish our company as a
pure-play global semiconductor
powerhouse, well positioned to lead
the industry transition from silicon
to silicon carbide,” believes Lowe. 
“To further amplify this transition,

we are changing the name of our
company to Wolfspeed. This is a
natural progression that builds on
our strong reputation of developing
silicon carbide solutions over the
last 30 years, while at the same
time capitalizing on the competitive
positioning that the Wolfspeed
brand has in the market,” he adds.
“We expect the name change to be
complete sometime in the next few
quarters.” 
“While we continue to confront some

of the challenges associated with the
broader macro-environment, we
continue to invest for the future to
support several growth opportunities
across multiple sectors,” says Lowe. 
“Customers continue to give us

feedback that the interest in and
demand for silicon carbide continues
to grow. The strength of our device
opportunity pipeline, which currently
stands at more than $10bn, under-
scores the demand we’re seeing,
not only for automotive power, but
also in RF, industrial and energy
solutions,” says Lowe. “The cadence
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Cree’s Wolfspeed quarterly revenue grows by 5%  
Cree to change name to Wolfspeed; Mohawk Valley SiC fab 
to skip 150mm substrates and start up at 200mm 

The momentum
we’re seeing in
silicon carbide
reinforces our
competence and
our growth
strategy as we
execute on our
long-term plan
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at which our sales team is converting
these opportunities continues to be
impressive, with approximately
$600m of design-ins awarded during
the previous quarter. A significant
portion of these were for automotive
products and the rest spread across
industrial, communications, infra-
structure, energy and aerospace &
defense. Further, our engineering
team is constantly innovating to bring
new products to market,” he adds. 
“Earlier this month, we announced

the launch of the Wolfspeed 
Wolfpack family of power modules,
which supports a wide range of
solutions for power markets,
including EV task charging, renew-
able energy and energy storage
and industrial power applications.
This 1200V Wolfspeed MOSFET
module technology delivers 
maximum efficiency in packages
that allow customers to significantly
increase efficiency and perform-
ance with smaller, more scalable
power systems. Once again, we’re
working closely with the team at
Arrow Electronics to successfully
launch this new offering. While the
automotive industry continues to
anchor our business, merits of 
silicon carbide are being recognized
across other industries, and we are
well prepared to serve the different
needs and applications of these
businesses,” notes Lowe. 
“On 5G, while China continues to

lead the world in infrastructure and
mobile rollout, we are encouraged
by signs of progress in other regions.
Although we’re still in the early stages,
we expect 5G and GaN-on-SiC to
be a multi-year growth opportunity
as momentum continues to build.” 

“In materials, we are pleased to
announce that we signed an exten-
sion and expansion of an existing
long-term wafer supply agreement
with a major semiconductor
provider during this past quarter.
The extended agreement now 
represents approximately $250m 
in materials and provides the cus-
tomer with Wolfspeed’s 150mm SiC
bare and epitaxial wafers over the
next several years. The extension is
yet another example of how the
industry at large is shifting towards
silicon carbide and how we are best
positioned to lead this transition,”
says Lowe. 
“Our 200mm team has made solid

progress, and in fact has made
substantial breakthroughs in 2020.
As a result, we have decided to
forgo our original plan to initially
open up the Mohawk Valley fab at
150mm. Instead, we’ll begin ramp-
ing Mohawk Valley directly with
200mm silicon carbide substrates
in the first half of calendar 2022,
establishing the world’s first 200mm
silicon carbide fab,” says Lowe.
There is also some incremental CapEx
spending associated with building
more 200mm crystal growers (Cree
builds its own SiC crystal growers
for all wafer diameter sizes). 
“We are raising our fiscal 2021

CapEx spend to about $550m
[from $400m previously], which
reflects a greater percentage of
completion of Mohawk Valley versus
our previous CapEx plan as well as
leased investments in 200mm
wafer and epi capacity,” he adds.
“The higher completion rate of the
fab construction and fit-out this
year and the increased investment

in 200mm capacity will give us the
ability to ramp the fab solely at
200mm. We believe it is in the best
interest of our customers to have
the Mohawk Valley Fab and the
Durham crystal growth facilities up
and running at 200mm, saving a
qualification cycle, and allowing for
a quicker adoption in the industry.
We see this as better positioning the
company to address what many are
now expecting to be a steepening
demand curve for silicon carbide
beyond 2024.” 
“Our current operations are not

optimized to support our ambitious
long-term growth plans. To achieve
the necessary operating scale to
support the steepening demand
curve in the automotive 5G and
other critical industrial sectors out
beyond 2024 and meet the needs
of our customers, we determined
it’s better for us to invest now,” says
Reynolds. “We will now be running
150mm to support our current
book of business, while at the same
time building out our 200mm
assets sooner than we originally
planned, which calls for additional
200mm equipment,” he adds. 
“While we currently have ample

liquidity to fuel our investment
plans, we will continue to monitor
the capital markets and evaluate
ways we may continue to maximize
our financial flexibility as we
expand our leadership position,”
says Reynolds. “Our CapEx and
cash flow during 2021 continue to
be subject to variability depending
on our Mohawk Valley construction
progress as well as reimbursement
timing from the state of New York.” 
www.cree.com 

Cree has completed an offering of
shares of its common stock, pur-
suant to an at-the-market equity
program described in a shelf regis-
tration statement filed with the US
Securities Exchange Commission
on 11 February. 

Through the program, the firm
sold 4,222,511 additional shares
of its common stock for gross pro-
ceeds of about $500m. 
The equity offering “will further

strengthen our balance sheet and
liquidity position as we grow the

Wolfspeed business,” comments
CEO Gregg Lowe. “The additional
capital will help support our capacity
expansion efforts as we continue
to invest for long-term growth and
drive the industry transition from
silicon to silicon carbide.”

Cree completes $500m at-the-market equity offering
Proceeds to support silicon carbide capacity expansion 
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Cree Inc of Durham, NC, USA (which
makes LEDs and silicon carbide-
and gallium nitride-based RF &
power semiconductors) has
appointed Marvin A. Riley to its
board of directors. 
Riley is president & CEO of EnPro

(an industrial technology company
using materials science in the semi-
conductor, life sciences, and other
technology-enabled sectors), a
position has held since July 2019.
He was previously executive VP 
& chief operating officer from 
July 2017. He has also served in
various leadership positions 
including president of the firm’s
Fairbanks Morse division; VP of its
corporate manufacturing function;
and VP of global operations for its
GGB division. 
Prior to EnPro, Riley was an exec-

utive with General Motors Corp,
working in the General Motors Veh-
icle Manufacturing Group where he
held multiple positions of increasing
responsibility from 1997 to 2007.
His experience at GM includes lead-

ership positions in general assem-
bly, body operations, dimensional
control, plant maintenance and
supporting multiple vehicle
launches. He also credits his deep
understanding of lean manufac-
turing to his time at GM. 
“Marvin’s extensive experience in

the global manufacturing and auto-
motive sectors will be a unique
asset for the company as we work
with the executive team to capital-
ize on the vast opportunities ahead
for Cree’s silicon carbide in a vari-
ety of high-growth automotive and
industrial applications,” believes
chairman Darren Jackson. “We look
forward to his contributions as we
continue our long-term plans to
lead the global transition from sili-
con to silicon carbide and expand
the company’s leadership position.” 
Cree is focusing on its Wolfspeed

silicon carbide materials and silicon
carbide (SiC) power device & gal-
lium nitride (GaN) RF device busi-
ness, whose product families
include silicon carbide materials,

power-switching devices and RF
devices targeted at applications
such as electric vehicles (EVs),
fast-charging inverters, power sup-
plies, telecom and military and
aerospace. 
Previously, in May 2019, Cree sold

its Lighting Products business unit
(Cree Lighting, including the 
LED lighting fixtures, lamps and
corporate lighting solutions busi-
ness for commercial, industrial and
consumer applications) to Ideal
Industries Inc of Sycamore, IL, USA.
Most recently, in October 2020,
Cree agreed the sale of its LED
Products business unit (Cree LED)
to SMART Global Holdings Inc, for
which the transaction is targeted to
close in this quarter. 
Riley replaces Anne Whitaker, who

is leaving the board to focus on her
board duties at other life sciences
companies. She has served on the
board since 2013, helping guide the
firm with her extensive executive
leadership experience. “ 
www.cree.com

Cree appoints former GM executive to board 
Global manufacturing and automotive experience 
to aid Cree’s focus on silicon carbide 
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Nexperia BV of Nijmegen, The 
Netherlands (which manufactures
discrete and MOSFET components
and analog & logic ICs) has 
confirmed that during 2021 it will
be making significant additional
global investments in manufac-
turing capacity and R&D. 
The new investments are in line

with a growth strategy that last
year saw parent company Wingtech
Technology Co Ltd commit RMB12bn
($1.85bn) to building a new 300mm
(12-inch) power semiconductor
wafer fab in Lingang, Shanghai,
that should go live in 2022, with 
an estimated annual output of
400,000 wafers. 
Nexperia’s plans for this year

include improving production effi-
ciency and implementing new
200mm technologies at its Euro-
pean wafer fabs in Hamburg in 
Germany and Manchester in the UK.
In Hamburg there will also be 
additional investment in new tech-

nology for wide-bandgap semicon-
ductor manufacturing. 
New product development will be

supported with a commitment to
increase R&D investment to about
9% of total sales. Nexperia recently
opened new global R&D centers in
Penang in Malaysia and Shanghai in
China and expanded the existing
R&D sites in Hong Kong, Hamburg
and Manchester. The company will
also enhance test & assembly capa-
bilities at Nexperia factories in
Guangdong in China, Seremban in
Malaysia and Cabuyao in the Philip-
pines, including the implementation
of advanced automation and sys-
tem-in-package (SIP) capabilities. 
“Increased vehicle electrification,

5G communications, Industry 4.0
and the mainstream adoption of
gallium nitride (GaN)-based
designs will all drive increased
demand for power semiconductors
in 2021 and beyond,” says chief
operating officer Achim Kempe.

“Nexperia is already the largest
manufacturer of semiconductors by
units shipped — more than 90 billion
annually. The additional global
investment will ensure that we con-
tinue to provide the technology and
manufacturing capacity needed to
deliver products in volumes that
support future demand,” he adds. 
“Since Wingtech’s acquisition of

Nexperia in 2019 we have commit-
ted to ongoing investment to sup-
port ambitious growth plans and
capitalize on the synergies between
the two businesses,” says
Xuezheng Zhang (Wing), CEO of
Wingtech and Nexperia. “Following
last year’s announcement of the
new 300mm fab and the opening of
design centers in Penang and
Shanghai, we are continuing with
investments that support our
growth across the globe, increase
our industrial footprint and market
share.” 
www.nexperia.com

Nexperia to grow global production and boost R&D spend 
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GaN Systems has released two
650V half-bridge daughter cards
(30A and 60A), which provide a
versatile platform for evaluating
GaN drivers and transistors. 
The evaluation cards are available

in two power levels of up to 3kW
(GS-EVB-HB-66508B-RN) and 6kW
(GS-EVB-HB-66516T-RN), and
include the Renesas RAA226110
low-side GaN FET driver. The cards
are reckoned to be the first to pro-
vide programmable over-current
protection with adjustable thresholds
and programmable source current
for adjustable turn-on slew rate. 
“GaN transistors have established

themselves as a fundamental
building block in power electronics,”
says Paul Wiener, VP of strategic
marketing at GaN Systems. “The

introduction of Renesas’ low-side
GaN FET driver with its best-in-class
features and performance are a
confirmation that GaN transistors
have become the preferred tool of
choice for power design engineers,”
he adds. 
“Renesas is committed to the

development of innovative 
power products that support GaN
transistors,” states Philip Chesley,
VP of the Industrial and Communi-
cations business unit at Renesas.
“One example is our new
RAA226110 low-side GaN FET
driver, which provides all of the
features customers are looking for
in a high-performance driver.” 
The power stage designs can be

utilized in a wide range of appli-
cations, from enterprise 1U power

supplies (up to 5kW), high-power
density bridgeless totem pole
PFCs, PV inverters, energy storage
systems, motor drives, and auto-
motive DC/DC converters and
onboard chargers. 
Design flexibility, simplicity and

unique features define the 
evaluation board, which operates
with a GaN Systems’ motherboard
for easy setup and plug-and-play
operation. The evaluation card also
features integrated VGS regulation at
2MHz fSW and one-of-a-kind functions
such as programmable over-current
protection with adjustable thresh-
olds of 40mV/80mV/120mV and
differential current sensing as well
as programmable source current 
for adjustable turn-on slew rate
(0.3A, 0.75A or 2A). 

GaN Systems launches first GaN power stage with
programmable source current and over-current protection 

GaN Systems Inc of Ottawa, Ontario,
Canada (a fabless developer of 
gallium nitride-based power switching
semiconductors for power conversion
and control applications) says that
it has shipped its 20 millionth 
GaN transistor and that its factory
partners are on schedule to complete
a 40-fold capacity expansion in 2021.
The capacity increase is in advance

of the next wave of orders for 
GaN Systems’ transistors across
many applications. The firm says it
has been seeing exceptionally high
growth in several key industrial
markets. In addition to phone and
computer chargers and adapters,
its transistors are shipping in audio
amplifiers, data-center power sup-
plies, industrial motor drives, laser
drivers, medical power supplies,
satellite and aerospace systems,
and automotive electric vehicle
(EV) power electronics. 
GaN Systems claims that the

proven reliability and demonstrated
benefits of its line of 100V and 650V

products (such as higher efficiency
and power density while reducing
size, weight and costs) contribute to
GaN’s growing market acceptance
versus legacy silicon and new sili-
con carbide (SiC) transistors.
Additionally, GaN is significantly

cheaper than SiC, which requires a
more expensive and complex
manufacturing process, says the
firm. Costs required to increase
capacity for SiC are 10x higher
than for GaN, it adds. For GaN, low
capital expenditure (CapEx) for
capacity, combined with very low
substrate cost, results in GaN tran-
sistors being lower cost than SiC.

Also, GaN is half the price that it
was just a few years ago, making
system costs similar or lower than
power systems built with legacy 
silicon transistors, it is reckoned. 
“Our product design expertise,

range of product offering, and col-
laborative customer partnerships
have produced a market-leading
GaN product line,” claims CEO Jim
Witham. “This is supported by our
tremendous growth and [foundry
partner] TSMC’s commitment to
stay ahead of our demand curve.” 
GaN Systems says major firms and

OEMs are now designing and ship-
ping products with gallium nitride.
As forecasted in GaN Systems’
‘2021 Top Technology Predictions in
Power Electronics’, the market is
seeing increased demand for and
adoption of GaN-powered products.
The perceived risk factor has shifted
from technology adoption risk to the
risk of being left behind because you
didn’t adopt GaN, reckons the firm. 
www.gansystems.com

GaN Systems ships 20 millionth GaN transistor 
40x capacity expansion to be completed in 2021 
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Tokyo-based Mitsubishi Electric Corp
is adding two new 13.75–14.5GHz
(Ku-band) 30W (45.3dBm) output,
9dB-linear-gain gallium nitride
high-electron-mobility transistors
to its lineup of GaN HEMTs for
satellite communication (SATCOM)
earth stations. On sales from 
15 March, the two products, one for
multi-carrier communication and
the other for single-carrier commu-
nication, will support increased
data-transmission capacity and
smaller earth stations. 
Ku-band satellite systems are

increasingly being deployed for
emergency communication during
natural disasters and for satellite
news gathering (SNG) by TV broad-
casters in remote areas where
cable networks do not exist. Mean-
while, in addition to the growing
use of conventional single-carrier

communication, multi-carrier 
communication is increasingly
needed for fast, high-volume 
communication and to support the
downsizing of mobile stations for
purposes such as SNG. 
So far, Mitsubishi Electric has

introduced five GaN HEMTs for
multi-carrier and single-carrier

SATCOM earth stations. The two new
30W GaN HEMTs can enable more
flexible amplifier designs, including
for rated power levels and the use of
GaN drivers. They can also support
the downsizing of earth stations 
as well as faster, larger-capacity
satellite communication. 
Specifically, the MGFK45G3745A

for multi-carrier communications
delivers low third-order intermodu-
lation distortion (IMD3) with wide
offset frequencies of up to 400MHz
for large-capacity, high-speed 
SATCOMs. The MGFK45G3745 for
single-carrier communications has
an offset frequency of up to 5MHz. 
The new products are suitable for

final-stage applications in 30W-class
SATCOM amplifiers and driver-stage
applications in 70–100W-class
amplifiers.
www.MitsubishiElectric.com

Mitsubishi Electric adds Ku-band GaN HEMTs 
For multi- & single-carrier communications, larger data capacity 
and smaller SATCOM earth stations 

GaN HEMTs for Ku-band SATCOM
earth stations: single-carrier 30W
MGFK45G3745 (left) and multi-carrier
30W MGFK45G3745A (right). 
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Navitas Semiconductor Inc of 
El Segundo, CA, USA says that over
13 million of its gallium nitride (GaN)
power ICs have been shipped to date
with zero failures, demonstrating GaN’s
rapid adoption in the fast-charging
mobile consumer market and beyond.
GaN ICs are reckoned to run up to

100x faster than silicon chips, with
40% energy savings and up to 3x
power density improvements. Navitas
claims that its GaNFast power ICs
(which integrate power, analog and
digital circuits) are the highest-
performance, most integrated and
lowest-system-cost power GaN
devices on the market. They are
shipping in mass production to
many tier-1 customers including
Lenovo, Dell, Xiaomi and OPPO.
Two Navitas customers were

announced as Consumer Electronics
Show (CES2021) Innovation Awards
Honorees. Chargeasap received its
award for the high-power 200W

Omega 2C+2A charger, and ADG
was rewarded for its 100W ‘9-in-1’
power and communications hub.
Both designs use GaNFast power
ICs to deliver high performance in
extremely compact form-factors. 
Founded in 2014, Navitas has 120+

patents issued or pending on all
aspects of GaN device, packaging,
applications and systems. Its 
proprietary GaN process design kit
(PDK) was developed based on the
GaN-on-Si platform of foundry TSMC. 
“At CES 2021, we were pleased to

deliver on our predictions and not
only announce that over 100 fast
mobile chargers use GaNFast tech-
nology but also to thank our trusted
foundry partner TSMC,” says CEO &
co-founder Gene Sheridan. “We are
experiencing unprecedented demand
and truly appreciate TSMC’s support
in bringing GaNFast power ICs to
the market quickly,” he adds. 
“TSMC will continue to support our

customers with leading GaN manu-
facturing expertise to deliver great
energy efficiency improvement for
power conversion applications that
are more eco-friendly,” says Sajiv
Dalal, senior VP business manage-
ment, TSMC North America. 
“We are delighted with our contin-

ued partnership in accelerating the
development and delivery of GaN
power ICs,” comments Dan Kinzer,
Navitas’ chief operating officer/
chief technology officer & co-founder.
“The delivery and quality results
speak for themselves with a run-rate
of over 1 million GaNFast power ICs
shipping every month, over 
13 million shipped in total and zero
field failures,” he adds. “Navitas is
investing aggressively to accelerate
development of a new generation
of GaN power ICs with even higher
levels of integration, speed, energy
savings and lower system costs.” 
www.navitassemi.com 

Navitas ships 13 millionth GaNFast Power IC 

Navitas has launched the NV6128,
a high-power 650V/800V-rated
GaNFast power IC to address the
high-power mobile and consumer
power electronics market. The
70mΩ NV6128 represents a 66%
increase in current capability, in a
small (6mm x 8mm) PQFN package
with a proprietary, integrated 
cooling pad for high-efficiency,
high-density power systems.
Gallium nitride (GaN) is reckoned

to run up to 20x faster than silicon
(Si), and enables up to 3x more
power or 3x faster charging in half
the size and weight. Founded in
2014, Navitas introduced what it
claimed to be the first commercial
GaN power ICs, which monolithically
integrate GaN power field-effect
transistors (FETs) and drive plus
control and protection circuits,
enabling faster charging, higher
power density and greater energy
savings. 
“GaNFast power ICs have been

broadly adopted by tier-1 names

like Lenovo, Dell, OPPO and Xiaomi
for fast-charging mobile adapters
up to 200W, with over 13 million
shipped and zero failures,” notes
CEO & co-founder Gene Sheridan.
“With the higher-power NV6128,
we extended the effective power
range to 500W for the consumer
market and look beyond that to
multi-kW data-center, eMobility
and new energy applications.” 
Unlike competing solutions, it is

claimed, the NV6128 is rated at
650V for nominal operation plus a
high 800V peak capability for
robust operation during transient
events. As a true power IC, the
GaN gate is fully protected and the
whole device is rated at what is
claimed to be an industry-leading
electrostatic discharge (ESD)
specification of 2kV.
“Compared to current tier-1 OEM

laptop adapters using old silicon in
traditional diode rectification and
boost PFC topologies at 50–70kHz,
the GaNFast NV6128 enables a

modern high-speed totem-pole
architecture and complete 300W
solutions at over 1.1W/cc,” says
chief operating officer/chief technol-
ogy officer & co-founder Dan Kinzer.
“That’s up to 3x smaller and lighter
with existing 200kHz control,” he
adds. “When you crank up the speed
to MHz+, you get another major
step-increase in power density.” 
For power electronics designers,

the NV6128 and all the GaNFast
power IC family offer easy-to-use,
high-speed, high-efficiency solu-
tions for 200-500W applications
such as all-in-one PCs, TVs, game
consoles, eMobility chargers
(eScooters, eBikes) and gaming
laptops, the firm says. 
Design-support includes detailed

datasheets, electrical models (SPICE)
and mechanical models (.stp). 
The NV6128 is in high-volume
mass production and immediately
available from distribution partners,
at a price of $7.85 in 1000-unit
quantities. 

Navitas launches high-power 650V/800V-rated GaNFast power IC 
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Keysight Technologies Inc of Santa
Rosa, CA, USA (which supplies
electronic design automation soft-
ware) and Transphorm Inc of
Goleta, near Santa Barbara, CA,
USA — which designs and makes
JEDEC- and AEC-Q101-qualified
650V and 900V gallium nitride
(GaN) field-effect transistors (FETs)
for high-voltage power conversion
applications — have announced the
availability of a new power supply
reference design that enables engi-
neers to identify and correct design
errors before building hardware,
thereby lowering product costs and
speeding time to market. 
Switched-mode power supplies

(SMPS) provide greater efficiency,
increased power density and lower
overall system costs when using
GaN devices. However, as a high-
switching-speed, high-performance
wide-bandgap semiconductor, GaN
can produce voltage spikes that
result in detrimental radiated 
electromagnetic interference (EMI).
Optimized layout design and 
placement of components before
building hardware is hence critical
when using GaN. 

Available with Keysight’s PathWave
Advanced Design System, the new
power supply reference design is 
a virtual prototype based on
Transphorm’s 4kW high-efficiency
single-phase AC–DC conversion
evaluation board. It consists of the
component and board models
needed for engineers to visualize
and optimize the time and frequency
domains’ behavior of voltages, 
currents and electromagnetic fields. 
“The need for switch-mode power

supplies is driving rapid adoption of
wide-bandgap semiconductors,”
notes Tom Lillig, general manager
of Keysight’s PathWave Software
Solutions division. “The new 
reference design of Transphorm’s
high-voltage GaN solution will
speed time to market of this tech-
nology, which is changing how the
world powers electronic products.” 
Keysight’s PathWave ADS software

provides pre-compliance analysis
via a virtual prototype that ensures
the intended design configuration
performs as intended, eliminating
the need to build a virtual workspace.
Virtual prototypes are complemen-
tary to physical prototypes, which

are the gold standard for compliance
and measured characteristics. 
However, they can also be expensive
and present physical challenges to
certain in-house test & measurement
protocols. Virtual prototypes are
easy to change and can flag device
overstress as warning messages
during simulation. The voltage, 
current and fields can be monitored
and corrected at every time step in
the simulation. All data is available
for analysis including inside a semi-
conductor package.
“Transphorm looks for partner-

ships that help our customers close
skill gaps, increase design simplicity
and reduce time to market,” says
Philip Zuk, Transphorm’s VP of
worldwide technical marketing &
North American sales. “With proper
modeling, analysis of any design
type prior to physical prototyping is
a useful resource. Teaming with
Keysight enables us to bring our
4kW AC–DC power conversion
board into a virtual design environ-
ment that will be advantageous to
product designers.” 
www.keysight.com/find/
eesof-power-electronics 

Keysight and Transphorm create power supply
reference design 

Transphorm has added Katharina
McFarland to its board of directors. 
With over 30 years of government

service, McFarland is recognized as
a leading subject-matter expert on
government acquisition, program
management and procurement,
says Transphorm. She is currently
the president of consulting serv-
ices firm Blue Oryx Inc. Previously,
McFarland served as Assistant 
Secretary of Defense for Acquisition
and Acting Assistant Secretary of
the Army for Acquisitions, Logistics
& Technology as the Army’s 
Service Acquisition Executive and
Chief Science Advisor. Prior to her
political appointments, she was
president of the Defense Acquisition

University and director for acquisition
at the US Missile Defense Agency
(MDA). She currently serves as a
director on the board of Science
Applications International Corp,
which had acquired Engility Hold-
ings Inc, where she previously
served as a director. 
McFarland holds a Bachelor of

Science degree in engineering
from Queen’s University, a master’s
degree in program management
from the Program Management
Institute, and an honorary doctoral
degree in engineering from 
Cranfield University. 
“Katharina is a highly respected

expert in her field, and we are
pleased to welcome her as a new

independent director,” comments
Transphorm’s CEO Mario Rivas.
"Her unique and extensive experi-
ence in government service and
procurement brings a new and
informed perspective, which is
highly relevant to our current and
prospective GaN business with the
DoD [US Department of Defense]
and other government agencies,
while also serving to expand the
depth and expertise of our board,”
he adds. “This appointment also
demonstrates our commitment to
board diversification in order to
further strengthen the breadth,
talent and background of our
directors.” 
www.transphormusa.com 

Transphorm appoints defense procurement expert to board 
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UK Research and Innovation
(UKRI) is supporting Compound
Semiconductor Centre Ltd (CSC, 
a joint venture founded in 2015
between Cardiff University and epi-
wafer foundry and substrate maker
IQE plc of Cardiff, Wales, UK) and
Newport Wafer Fab (NWF, the UK’s
200mm compound semiconductor
wafer foundry) to develop a 200mm-
wafer-diameter gallium nitride (GaN)
high-electron-mobility transistor
(HEMT) foundry process. The 
project is a co-ordinated effort by
CSC and NWF to deliver a foundry-
grade 650V GaN-on-silicon HEMT
process on a 200mm wafer plat-
form. 
The HEMT fabrication process

technology will leverage 30 years 
of silicon-based power device
manufacturing heritage at 
Newport Wafer Fab, developed
under an automotive (IATF 16949)
quality accredited volume manufac-
turing environment. 
The epitaxial solution will leverage

IP developed by CSC in partnership

with parent company IQE on a
high-volume Aixtron G5 200mm
manufacturing platform at its
Cardiff facility. CSC recently
achieved full ISO9001 accreditation
of its internal Quality Management
System covering development
through to volume scale up. The
project is supported by UKRI under
the ‘Automotive Transformation
Fund: moving the UK automotive
sector to zero emissions’. 
“This is an exciting step towards

NWFs vision of becoming a major
manufacturer of compound-on-
silicon products,” says Sam Evans,
NWFs director of external affairs.
“We see the wide-bandgap power
device market as an excellent area
to address in our plans to expand
our current manufacturing footprint
of 8000 wafer starts per week to
14,000, and it’s a natural opportu-
nity for us to pursue given our 
heritage in high-power silicon 
MOSFET, IGBT and GaN device
development manufacturing,” 
he adds. 

“The GaN power market is esti-
mated to be $700m by 2025, with
massive future growth opportunity
for electric vehicle (EV) adoption,
and we are collaborating with a
global power semiconductor blue-
chip to help steer the process
roadmap,” says Rob Harper, GaN
program manager at CSC. “We are
initially targeting the EV segment of
the market, including traction
inverters; as the project progresses
we hope to roll out custom foundry
offerings that address additional
market segments including
mobile/laptop fast chargers and
energy storage inverters,” he adds. 
“This is an excellent example of

two partners in the South Wales
semiconductor ecosystem building
on their respective technology and
manufacturing strengths to offer
advanced, next-generation foundry
services to the global semiconductor
industry,” comments CSC director
Wyn Meredith. 
www.newportwaferfab.co.uk 
www.compoundsemiconductorcentre.com

Compound Semiconductor Centre & Newport Wafer Fab
to develop 200mm GaN HEMT foundry process 
Project supported by UKRI’s Automotive Transformation Fund 
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Fabless semiconductor company
Cambridge GaN Devices (CGD) has
raised $9.5m in a Series A round 
of funding co-led by IQ Capital,
Parkwalk Advisors and BGF, and
including investment from Foresight
Williams, Cambridge Enterprise,
Martlet Capital, Cambridge Angels
and Cambridge Capital Group. 
The new funding will be used by
CGD to expand its product portfolio
of energy-efficient power devices
and to double the size of its team. 
CGD was spun out of the University

of Cambridge Department of 
Engineering’s Electrical Power and
Energy Conversion group in 2016
by CEO Dr Giorgia Longobardi and
chief technology officer Florin
Udrea (professor in semiconductor
engineering and head of the 
High Voltage Microelectronics and
Sensors group) in order to develop
power semiconductors using 
gallium nitride (GaN)-on-silicon
substrates. The company’s core
business is to design, develop and
commercialize power transistors
and integrated circuits. 
CGD is developing a range of GaN

transistors that are customized for
key applications in market segments
such as consumer and industrial
switch-mode power supply (SMPS),
lighting, data centers and automotive

hybrid electric vehicles (HEVs/EVs).
The firm says that the higher effi-
ciency of its devices, combined with
the unique ease-of-use introduced
by its proprietary IP, will allow CGD
GaN to replace silicon in those key
applications, while enabling more
compact power systems and better
use of energy resources. 
The company is the result of

decades of research in power
devices and GaN reliability carried
out with leading organizations in
the field, and through several 
partnerships and collaborations.
CGD is currently leading the $10m
European-funded project ‘GaNext’
with 13 industrial and academic
partners across Europe, developing
GaN-based modules for low- and
high-power applications. 
The investors were advised by

Mills&Reeve, a law firm specializing
in growing tech businesses. CGD
was advised by Taylor Vinters, a
legal and advisory business for the
innovation economy. 
“This latest round of investment is

a great recognition of our success
to date, with new and existing
investors confirming the strength of
our technology,” says Longobardi.
“Since 2016, CGD has grown signif-
icantly and we are thrilled to be in a
position to deliver several products

to market, following decades of
industry-leading research in relia-
bility of power devices. This invest-
ment will allow us to supplement
our experienced team with addi-
tional experts and expand our mar-
kets globally, creating more
sustainable electronics worldwide,”
she adds. 
“Our close collaboration with CGD

has been an incredibly rewarding
win-win experience,” comments
Eric Stodel, CEO at Neways, an
EMS System Innovator and Lifecycle
Partner in the GaNext project. 
“It enables us to develop an
extremely compact solar inverter
based on the GaN technology,” 
he adds. 
“We are proud to support the CGD

team as they build on their core
technology, from a strong base of
academic research and IP, to create
the world’s best GaN power devices
for a wide range of applications,”
says IQ Capital managing partner
Ed Stacey. “This highly experienced
team has incredible potential to
disrupt the electronics industry with
new devices that will unlock com-
mercial and environmental gains
for suppliers and customers.” 
www.camgandevices.com 
www.ganext-project.com 
www.enterprise.cam.ac.uk

Cambridge GaN Devices raises $9.5m Series A funding 
Staffing to be doubled and GaN power electronics portfolio expanded
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For full-year 2020, AXT Inc of 
Fremont, CA, USA — which makes
gallium arsenide (GaAs), indium
phosphide (InP) and germanium
(Ge) substrates and raw materials
— has reported revenue of $95.4m,
rebounding by 15% from 2019’s
$83.3m, driven by growth in every
category across the firm’s portfolio. 
“2020 was a year of solid improve-

ment for AXT, capped off by strong
InP growth, particularly in 5G, in Q4,
which is typically a seasonally down
quarter,” says CEO Morris Young. 
Fourth-quarter 2020 revenue was

$27m, up 5.9% on $25.5m in Q3
and 46.7% on $18.4m a year ago. 
Specifically, revenue from the two

raw material joint ventures that
AXT consolidates (BoYu and JinMei)
has grown further, from $3.9m a
year ago and $5.2m in Q3 to $5.5m.
In 2020, both BoYu and JinMei relo-
cated their factory to AXT’s campus
in Kazuo. This has enabled both JVs
to expand capacity in response to
strong market demand. BoYu —
which makes high-temperature
pyrolytic boron nitride crucibles 
and pBN-based tools for organic
light-emitting diodes (OLEDs) —
continued to see healthy growth.
High-purity material supplier JinMei
is also posting solid results as 
gallium prices continue to rise, while
also supplying InP poly. Relocation
and expansion have allowed both
JVs to participate in new business
opportunities, which is fueling their
continued growth. “Their close
proximity to our own manufacturing
lines allows AXT to expand recycling
efforts, while improving manufac-
turing economics,” notes Young. 
Substrate revenue was $21.5m,

up 5.9% on $20.3m in Q3 and
48.3% on $14.5m a year ago. 
Q4/2020 was AXT’s second best

quarter ever for InP revenue, beaten
only by Q2/2019, when AXT received
a very large order from a single
customer that is building inventory
for expected future demand,
whereas Q4/2020 revenue was
spread across many customers and
applications. “The current revenue

diversity demonstrates the broad
and sustainable nature of our growth
opportunities in InP, says Young. 
As well as its increasing use in 
passive optical networks (PON) and
for silicon photonics in data centers,
InP is now also being used in the
front-haul link on 5G base stations.
“It was in April of 2019 that we first
mentioned 5G revenue on our
earnings report. A year later, 5G and
its closely related power applications
are driving significant growth in our
InP revenue. Demand had been part-
icularly strong in China and Taiwan.
China itself built 600,000 last year,
and they’re going to just increase...
They need indium phosphide to do
that linkage,” he adds. “We don’t
see any slowing in 2021, as 5G
continues to roll out worldwide.” 
Of total revenue in Q4/2020, the

proportion from the Asia-Pacific
region rose further, from 70% 
last quarter to 71%, while Europe
fell further from 17% to 16%.
North America remained 13%, while
Taiwan was level with it at 13%. 
Two customers reached 10% of

revenue, and the top five generated
about 37% of total revenue. 
“In data-center connectivity, the

ever-expanding number of users,
devices and applications is driving
the transition to technology that
transports faster, more scalable
infrastructures,” says Young. “High-
capacity connectivity will continue to
be essential. In fact, many believe
that the evolution from 100G to
400G will happen faster than the
move to 100G. We are seeing this
growth in silicon photonics reflected
in our steady, strong demand in
data-center-related revenue. More-
over, we are pleased with the highly
productive customer relationships
we are developing in this area of
our business, and we are applying
the tier-one processes we have
developed to benefit customer
experiences across our portfolio.” 
For GaAs substrates, revenue

from semiconducting GaAs for LED
applications continued to rebound,
driven by high-end applications,

including automotive. “Wireless GaAs
revenue was down seasonally in Q4,
but Internet of Things (IoT) appli-
cations seem to be providing a lift in
ongoing demand for semi-insulating
GaAs substrates,” says Young. 
Germanium substrate revenue

grew by more than 20% in 2020,
after a significant slowdown in 2019.
“The primary driver is the satellite
solar cell market, which appears to
have entered a period of recovery,”
notes Young. “We expect to see 
further improvement in 2021.” 
Gross margin was 33.9%, down

from 34.6% last quarter but up
greatly from 21% a year ago,
attributed to favorable product mix
as well as “the leverage we get from
higher revenue [absorbs more of the
fixed cost over more units],” notes
chief financial officer Gary Fischer.
Full-year gross margin rose from
29.8% in 2019 to 31.7% in 2020. 
Operating expenses are up from

$6.7m a year ago and $6.6m last
quarter to $7.2m (driving full-year
OpEx up from 2019’s $25.1m to
$26.3m for 2020). This is due to
(1) investment in R&D rising by
$125,000 to $2.16m (making “good
progress on R&D programs”) and
(2) selling, general & administrative
(SG&A) expenses rising by $460,000,
driven mostly by year-end staff
bonuses totaling about $350,000
(half for BoYu and JinMei) after 
“a good year with a strong finish”,
plus a $50,000 charge for bad debt,
plus charges related to the firm’s
private equity round and preparing
for the initial public offering (IPO)
in China. Also, staff travel to China
saw an increase. 
Operating income was $1.9m, down

from $2.2m last quarter but still an
improvement on an operating loss
of $2.8m a year ago. Full-year
operating income was $3.9m, versus
an operating loss in 2019 of $0.3m. 
After turning profitable last quarter

(yielding $45,000), unconsolidated
partially owned joint ventures in AXT’s
supply chain grew their net profit to
$354,000. “Many are benefiting
from the increase in commodity

AXT’s Q4 revenue grows 47% year-on-year 
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pricing being driven by a healthy
demand environment,” notes Young. 
Q4 results included about

$400,000 in tariffs as a result of the
25% tariff charged on importing
wafers into the USA from China. 
Net income has more than dou-

bled from $1m ($0.02 per share)
last quarter to $2.06m ($0.05 per
share), an improvement on a net
loss of $2.05m ($0.05 per share) a
year ago. Full-year net income was
$3.2m ($0.07 per share) for 2020,
compared with a net loss of $2.6m
($0.07 per share) in 2019. 
During the quarter, depreciation

and amortization rose to $1.37m.
Capital expenditure (CapEx) fell
back slightly to $5.3m. 
Cash, cash equivalents, and

investments would have hence
remained level with last quarter’s
$29.8m. However, they instead
rose by $48.8m, to $78.6m, due to
the IPO process of partnering with
private equity firms in China. 
On 16 November, AXT announced

a strategic plan to access China’s
capital markets and progress to an
IPO by its China-based wafer
manufacturing company Beijing
Tongmei Xtal Technology Co Ltd, 
on the Shanghai Stock Exchange’s
Sci-Tech innovAtion boaRd (the STAR
Market). The first step is engaging
reputable private equity firms in
China to invest funds in Tongmei.
“This went smoothly, was met with
enthusiasm, and closed faster than
we expected,” comments Fischer.
In January, the final instalment of
$1.5m in private equity investment
funding brought the total raised to
about $49m in exchange for a
stake in Tongmei of about 7.28%.
Going public on the STAR Market
includes several periods of review.
“We hope to file the application with
the China Securities Regulatory
Commission by the end of June,”
says Fischer. Tongmei expects to
complete the process in mid-2022. 
“Simultaneously, we have been

working on some reorganization
plans, which will make Tongmei
have broader product lines, more
consolidated revenue, more cus-
tomers and, in general, strengthen

this company and support the high
valuations awarded by that invest-
ment community,” says Fischer.
“One example is that we are moving
our two consolidated raw material
companies BoYu and Jin Mei into
the Tongmei family,” he adds. 
During Q4, AXT’s net inventory

rose by $3.2m to $51.5m, consisting
of 48% in raw materials, 47% for
work in progress (WiP) and only
5% in finished goods. The largest
rise was in raw materials, which
was deliberate. “The market for raw
materials has tightened up [with
prices rising],” comments Fischer.
“We think this will hold in 2021.” 
“We’re continuing to see strong

market demand, maybe not so
strong for the GaAs wireless 
[which is still going to hold flat],
but every other substrate category
is looking good,” notes Fischer. 
For first-quarter 2021, AXT expects

revenue to grow (which is untypical),
to $28.5–29.5m. This is despite
February being a short month, 
and the factory being shut down 
for about a week due to Chinese
New Year. Net income should be
$0.05–0.07 per share. “We can still
achieve higher than the recent two
quarters in terms of gross margin,”
believes Fischer. “Initially, we’re
trying to just get it back to 35%,
but there are still some gains to be
made in yields and manufacturing
efficiencies, as the manufacturing
teams settle into the new locations,”
he adds. It also depends how much
more business AXT can do on InP,
as well as some high-end GaAs
business, Young adds. 
“Capacity in our industry remains

very tight,” notes Young. “We have
and will continue to run capacity at
our Beijing facility to keep pace with
customer demand. Scaling quickly
and cost effectively is something AXT
is uniquely able to do, and we expect
to gain market share because we
have the shortest lead time among
our primary competitors,” he adds. 
“In 2021, we expect to see the

meaningful emergence of additional
new applications for InP in such
areas as healthcare monitoring and
consumer devices,” says Young.

“Many are being innovatively driven
by tier-one players and showcase
the unique properties of InP. These
applications have the potential to
represent an entirely new growth
area, for which we are well positioned
and engaged,” he reckons. 
In GaAs, new applications — both

emerging today and on the horizon
— include world-facing cameras,
augmented & virtual reality (AR/VR),
automotive sensors and biosensors,
notes Young. “Micro-LED may follow
as the next major volume driver of
GaAs chips. Micro-LEDs are expected
to consume less power, provide
sharper contrast, and produce 
brilliant lighting and colors. Their
applications are set to scale from
wearable devices and handheld
devices to very large screens, like
high-end televisions of the future,”
he adds. “We’re seeing reports that
the micro-LED market for small
consumer devices like wearables
and phones may eventually reach
an annual demand of 2 million 
6” GaAs substrates for the red LED
portion alone. It will be larger than
the entire current market for semi-
conducting GaAs substrates. This is
an exciting space that could add
significant new values to the LED
market in 2024 and beyond. Tier-one
players are already driving the
development, and we believe that
our wafers are being used for early-
stage activities,” continues Young. 
“We completed the relocation of

our GaAs manufacturing, elevated
our business and manufacturing
processes to meet tier-1 standards,
and expanded capacity in response
to increasing demand. Now, with the
gathering momentum of 5G and its
related technologies, the technology
progression in data-center connec-
tivity, and new applications emerging
in healthcare and consumer devices,
we believe AXT is in a strong position
to lead our industry and enable many
of the defining trends of the coming
decade,” says Young. “In 2021, we
expect to bring 8” GaAs and 6” InP
to market. We expect to exceed
that elusive $30m revenue quarter-
per-quarter mark,” he concludes. 
www.axt.com 
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In what it describes as a significant
milestone in the development of 
its proprietary IQepiMo template
technology for high-performance
bulk acoustic wave (BAW) RF filters,
epiwafer foundry and substrate
maker IQE plc of Cardiff, Wales, UK
says that customer device data
shows that filters fabricated using
IQE templates demonstrate
improved performance compared
with incumbent technology. 
Announced in November, IQE has

since trialed its IQepiMo product
with potential customers and part-
ners. Recent data indicates that
IQepiMo enables them to achieve
better electro-mechanical coupling
(as measured by k2), a key measure
of filter performance, compared
with conventional technology. 
Initial data indicates that k2

increases by as much as 40% at a
frequency of 6GHz, which is at the
top end of the frequency range
used in existing 5G applications. 

At present, industry is finding it 
difficult to achieve high levels of
performance using conventional
BAW filter technology at these higher
frequencies. The data confirms 
that the superior material quality
achievable using IQepiMo is linked
to significant performance improve-
ment in electro-mechanical device
performance in this challenging 
frequency range, says IQE. 
IQE and its partners remain

engaged in additional trials and
testing to further refine the tech-
nology for high-end BAW filters. 
It is expected that IQE’s templates
will provide significant benefit to
high-scandium-content ScAlN BAW
designs that will form a key compo-
nent of high-performance filters 
at the higher 5G frequencies. 
As scandium content increases in
BAW filters, maintaining high
acoustic material quality and hence
performance becomes ever more
challenging. IQepiMo offers users a

route to overcoming these inherent
challenges while still using their
existing infrastructure and processes. 
Built on its cREO (crystalline 

rare-earth oxide) technology platform
(acquired by IQE in March 2018),
the IQepiMo templates are available
in diameters of up to 200mm. 
“IQE’s strategy of investing in

unique leading-edge materials
technologies for the broad semi-
conductor industry means that we
are now at the forefront of providing
our customers with improved 5G
device performance and solutions,”
says chief technology officer 
Dr Rodney Pelzel. “This key mile-
stone for our IQepMo template
technology shows its potential 
for providing customers with the
necessary means to enable their
current infrastructure and processes
to deliver the demanding performance
required for 5G filters, especially at
higher frequencies.” 
www.iqep.com

IQE’s IQepiMo delivers improved BAW filter
performance for 5G 
Early data indicates k2 rises by up to 40% at 6GHz 

Epiwafer foundry and substrate
maker IQE plc of Cardiff, Wales, UK
has provided an update regarding
an ongoing, multi-faceted 
intellectual property legal dispute
(referenced in IQE’s 2018 and
2019 Annual Reports, where the
associated legal costs were listed
as exceptional costs). 
An arbitration hearing was held in

September 2019 and the tribunal’s

final award was delivered in Janu-
ary 2020. The award was entirely
in IQE’s favour. Since then, the
parties have been engaged in 
litigation in US federal court
regarding the effect of the tribunal’s
decision on cases that had been
brought against both IQE and 
IQE employees in that court. 
The parties have settled the

claims out of court and IQE has

now received a full and final settle-
ment payment of $2.5m.
“IQE has developed unparalleled

materials expertise to meet global
demand for advanced semicon-
ductor wafer products, and this is
underpinned by our comprehen-
sive intellectual property portfolio
which we are prepared to rigor-
ously defend,” comments CEO 
Dr Drew Nelson OBE. 

IQE settles intellectual property legal dispute
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Epitaxial deposition and process
equipment maker Veeco Instru-
ments Inc of Plainview, NY, USA
says that its full-year revenue has
risen by 8.3% from $419.3m in
2019 to $454.2m in 2020. 
“Reflecting on 2020, we completed

our organizational restructuring
and began to reshape our product
portfolio,” says CEO Bill Miller. For
example, in Veeco’s metal-organic
chemical vapor deposition (MOCVD)
system business, it has pivoted
away from the commodity LED
market and towards providing 
high-value solutions. “These
include applications in photonics
such as indium phosphide (InP)
lasers and vertical-cavity surface-
emitting lasers (VCSELs), as well as 
micro-LED with our Lumina MOCVD
arsenide-phosphide platform and our
Propel gallium nitride (GaN) MOCVD
system used for power electronics,
RF devices and micro-LED appli-
cations,” he adds. 
To align with its evolving strategy,

Veeco has modified the way it
reports revenue by end market, from
(1) Front-End Semiconductor; 
(2) LED Lighting, Display & 
Compound Semiconductor; 
(3) Advanced Packaging, MEMS &
RF Filters; and 
(4) Scientific & Industrial (including
Data Storage) to: 
● Semiconductor (Front-End and
Back-End, as well as EUV 
Mask Blank systems and
Advanced Packaging) contributed
$166m (36% of total revenue),
down 6% on 2019’s $176m. 
● Compound Semiconductor
(Power Electronics, RF Filter &
Device applications, and
Photonics including specialty,
mini- and micro-LEDs, VCSELs,
Laser Diodes) contributed $108m
(24% of total revenue), up 26%
on 2019’s $86m, driven by 
photonics and RF applications. 
● Data Storage (equipment for
thin-film magnetic head manufac-

turing) contributed $123m 
(27% of total revenue), up 47%
on 2019’s $84m, as hard disk
drive customers added capacity
for thin-film magnetic head
manufacturing. 
● Scientific & Other (research
institutions and other applications)
contributed $57m (13% of rev-
enue), down 23% on 2019’s $74m. 
By region, the Asia–Pacific

(excluding China) comprised 39%
of revenue, the USA 32%, Europe,
Middle-East & Africa (EMEA) 16%,
China 13%, and the rest of the
world less than 1%.
“Our year-over-year financial per-

formance dramatically improved in
2020 and we are proud to conclude
this remarkable year of transforma-
tion by delivering solid fourth quar-
ter results,” comments Miller Ph.D. 
Q4/2020 revenue was $138.9m

(exceeding guidance of $120–136m),
up 23.9% on $112.1m last quarter
and 22.7% on $113.2m a year ago. 
“These fourth quarter results were

driven primarily by system sales 
in support of semiconductor
advanced-node manufacturing, 
as well as compound semiconductor
system sales for 5G RF applications,”
Miller says. 
The Semiconductor market con-

tributed $57m (41% of revenue),
up 68% on $34m in Q3, driven by
multiple laser annealing systems and
an EUV ion-beam system shipment. 
The Compound Semiconductor

market contributed $45m (33% of
revenue), up 67% on $27m in Q3,
driven by multiple system ship-
ments for 5G RF applications and
shipments to photonic customers.
Also, the sale of commodity LED
[MOCVD] systems enabled Veeco
to monetize slow-moving inventory
(generating about $10m of revenue). 
The Data Storage market con-

tributed $19m (14% of revenue),
down 49% on $37m in Q3. 
The Scientific & Other market con-

tributed $17m (12% of revenue),

up 6.7% on $15m in Q3, with 
systems shipped for a variety of
research applications.
By region, the Asia-Pacific region

(excluding China) comprised 
48% of revenue, the USA 26%,
China 14%, EMEA 12%, and the
rest of the world less than 1%. 
Due to monetizing slow-moving

LED inventory, as well as service
costs related to both 5G installa-
tions and future semiconductor
growth, non-GAAP gross margin
was 41.3%, below the 42–44%
guidance and down from 44.5%
last quarter. Nevertheless, this is
still up from 40.2% a year ago.
Full-year gross margin has grown
from 38.5% for 2019 to 43.3% for
2000. “These improvements reflect
the impact of our transformation
effort,” says chief financial officer
John Kiernan. 
Operating expenditure (OpEx)

was $39.7m, up from $35.7m last
quarter and $38m a year ago (and
exceeding the targeted $36–38m,
although falling from 32% of rev-
enue in Q3 to 29% in Q4/2020).
“We incurred higher variable
expenses associated with the
increase in revenue and order
intake,” notes Kiernan. “Addition-
ally, we strategically increased R&D
expenses as planned in support of
our growth initiatives.” Despite this,
full-year OpEx has still been cut
from $156.5m in 2019 to $144m
for 2020, as a result of the firm’s
reorganization and expense 
management. 
Operating income has risen fur-

ther, from $7.4m a year ago and
$14.1m last quarter to $17.6m,
boosting full-year operating income
from $5.1m in 2019 to $52.5m in
2020. 
Quarterly net income has risen

further, from $5.4m ($0.11 per
diluted share) a year ago and $11m
($0.22 per diluted share) to $15m
($0.30 per diluted share). This has
taken full-year net earnings from a

Veeco’s revenue grows 24% in Q4, driven by advanced-
node semiconductor and 5G RF compound semi markets 
Re-focusing drives return to full-year profit 
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loss of $1.3m ($0.03 per diluted
share) in 2019 to a profit of
$42.3m ($0.86 per diluted share)
in 2020. 
Quarterly cash flow from opera-

tions has risen from $10m in Q3 
to $15m in Q4 (making $43m for
full-year 2020). CapEx was $3.5m
(making $6.8m for the year). 
During Q4, cash and short-term
investments hence rose by $10m,
from $310m to $320m (up on just
$245m a year ago). 
“We improved gross margins,

reduced operating expenses and
improved profitability. We restruc-
tured our debt and strengthened
our balance sheet,” summarizes
Miller. 
Long-term debt on the balance

sheet is $321m, representing 
the carrying value of $389m in 
convertible notes. “Over the course
of 2020, we went from a single
$345m tranche of debt due in 
January 2023 to a more manage-
able debt structure with three
maturities roughly evenly stag-
gered over the next six years
[$132m due in January 2023,
$133m due in January 2025, and
$125m due in January 2027],” says
Kiernan. Total cash interest expense
should be $12.9m. “With this debt
structure and strong balance sheet,
we have the flexibility and capital to
focus on driving long-term organic
growth across our business,” he adds. 

From a working capital perspec-
tive, accounts receivable remained
flat at $80m on increased revenue.
Days sales outstanding (DSOs)
were reduced from 64 to 52 days.
Accounts payable also remained
flat at about $34m. 
Inventory rose by about $3m,

from $143m to $146m, resulting
from investments that Veeco is
making to ship evaluation systems
in 2021 in support of its growth
strategy in the Semiconductor and
Compound Semiconductor markets. 
As a result of a strong year of

order intake, Veeco ended 2020
with $366m in order backlog
(mostly Data Storage, followed by
Semiconductor, Compound Semi-
conductor and Scientific & Other).
A significant portion of the
increased Data Storage backlog
should be delivered in the second
and third quarters of 2021. 
“We enter 2021 with healthy back-

log, strong customer engagements
and overall positive momentum.
We look forward to executing our
near-term growth strategy, driven
in large part by our laser annealing,
5G RF and data storage applications.” 
For first-quarter 2021, Veeco expects

revenue to fall to $115–135m
(including just $5m of low-margin
slow-moving inventory of LED
MOCVD systems). Gross margin
should hence be roughly flat at
40–42%, reflecting the anticipated

product mix, as well as service
costs related to both evaluation
systems for Semiconductors and
customers’ 5G RF ramps. 
“We see a tremendous pull for our

technology and are planning for
success. Typically, we would have
one to two evals in the field at a
time. In 2021, we expect the evals
to reach about 10 in the field
[about half in LSA (including some
advanced platforms that won’t be
out until the end of 2021) and
some MOCVD tools for power elec-
tronics as well as micro-LEDs, plus
a wet-processing tool going out
shortly] and many of these evals
would have a period lasting more
than one year or so,” notes Kiernan.
“As a result, there will be limited
amount of benefits that we get to
2021 revenue from these increased
evals. So we are supporting these
evals ahead of revenue and we are
planning for growth in 2022 and
beyond,” he adds. “We currently
view the Q1 gross margins in the
40–42% range as the low point for
2021 and view quarterly gross
margins in the range of 40–44% in
the quarters as we move forward.” 
Operating expenses should be 

cut to $37–39m in Q1/2021, due
mainly to a reduction in sales, 
general & administrative (SG&A)
expenses. The firm expects 
operating income of $10–19m 
and net income of $6–15m

Veeco’s Q4/2020
revenue



($0.12–0.30 per diluted share). 
Based on its current visibility and

backlog, Veeco is increasing its full-
year 2021 outlook to revenue of
$520–540m (17% annual growth)
with EPS of $1–1.20. “We expect
Semiconductor market revenue to
grow in 2021 on strength in laser
annealing systems,” says Kiernan.
“We expect growth in 2021 in our
Data Storage market based upon
our order backlog going into the
year,” he adds. 
“As we look out beyond 2021,

Semiconductor demand is growing
and, as such, we evaluated options
that increase production capacity
for our laser annealing systems,”
notes Miller. “We decided investing
in a new facility offers the best

solution,” he adds “We are currently
in the final stages of lease negotia-
tions for San Jose property of
approximately the same size as our
current facility, but with a better
footprint allowing us to increase the
size and efficiency of our produc-
tion space,” notes Kiernan. CapEx
associated with this project should
be $30–40m over the next two
years. “Additionally, there will be a
period of duplicate expenses until
the transition to the new facility is
completed,” he adds. 
“With the first phase of our trans-

formation behind us, we will con-
tinue to focus on the second phase
of our transformation, growing 
the company organically in the
Semiconductor and Compound

Semiconductor markets,” says
Miller. “We think of this growth in
two phases, near-term 2021
growth and longer-term 2022 and
beyond. Our near-term growth 
outlook is supported by recent
Semiconductor orders from our
advanced-node logic customers,
demand for 5G RF-related capacity,
and market demand and backlog in
Data Storage. Looking beyond 2021,
we have been investing in our core
technologies, which will drive the
next phase of Veeco’s growth that
enable game-changing applications
like artificial intelligence (AI), 
virtual and augmented reality (VR/AR)
and electric vehicles (EVs),” he 
concludes. 
www.veeco.com 
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Plasma etch and deposition 
processing system maker Oxford
Instruments Plasma Technology
(OIPT) of Yatton, Bristol, UK plans
to move to a new manufacturing
facility in Bristol in summer 2022.
The relocation is driven by the
growing demand from customers
(which include leading semiconduc-
tor device manufacturers and 
materials research institutions
worldwide, the firm says). 
“The continued and accelerating

demand for our production and
research solutions has meant it’s
time to create a new facility,” says
Matt Kelly, managing director of
Plasma Technology. “Our new site
will be a leading-edge laboratory,
manufacturing and office environ-
ment for our colleagues, customers
and collaboration partners; an
inspiring environment that supports
team working, innovation, training
and provides greater flexibility. 
Our customers will have even more
opportunity to see our solutions and
train at our facility. Our building 
will also be an excellent base to
welcome community groups, such as
schools and universities promoting
STEM subjects,” he adds. 

“The new premises is just 20 min-
utes away from our current site and
is a purpose-built facility in Bristol,”
Kelly continues. “We took the 
decision to keep our manufacturing
and R&D facilities in the Bristol
area, for several reasons,” he adds.
“Our employees are of utmost
importance to us, and limited dis-
ruption to their current work/home
life balance was key. We are also
passionate about our involvement
in and support of the local economy
and want to maintain our contribu-
tion here. As we grow further, we
will continue to provide additional
employment opportunities in the
Bristol/West-Country tech cluster.” 
The new facility will include ISO 5

& 6-class application laboratories

spanning 1000m2

equipped with a com-
plete suite of wafer
processing solutions
and characteriza-
tion/metrology tech-
nologies; many of
these being supplied
by Oxford Instruments
businesses. This is
intended to not only
enable development of

next-generation processes for all
customers but also allow continu-
ous improvement, and intense reli-
ability testing of the firm’s
high-volume manufacturing (HVM)
application processes, combining
silicon semiconductor standards with
compound semiconductor solutions. 
The design of the new site incor-

porates a range of energy-saving
technologies to reduce environ-
mental impact, with the goal of
eliminating the use of fossil fuels.
This includes the option to generate
significant amounts of energy from
photovoltaic panels, reusing heat
from the building’s cooling and
heating systems, and harvesting
rainwater. 
https://plasma.oxinst.com 

OIPT to relocate to new manufacturing facility 
Move to purpose-built facility driven by growing demand 
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Crystal IS Inc of Green Island, NY,
USA (a subsidiary of Japan’s Asahi
Kasei Group) has joined the 
industry association LightingEurope,
which is based in Brussels, Belgium
and represents 30 companies and
national associations. Together,
these members comprise over
1000 European companies (mostly
small- or medium-sized) with a
total European workforce of over
100,000 people and annual
turnover exceeding €20bn.
LightingEurope advocates a positive
business and regulatory environment
to foster fair competition and growth
for the European lighting industry. 
Based on its proprietary 

aluminium nitride (AlN) material,
Crystal IS manufactures Klaran
ultraviolet light-emitting diodes
(UV-C LEDs, emitting at germicidal
wavelengths of 260–270nm) and

systems for disinfection appli-
cations, as well as deep-UV LEDs
(emitting at wavelengths of
230–280nm) for sensors in absorp-
tion and fluorescence spectroscopy. 
“The Covid19 pandemic highlights

the need for innovative disinfection
products to combat the spread of
harmful viruses, whether airborne or
on everyday high-contact surfaces,”
says Crystal IS’ CEO Larry Felton.
“It’s also evident that we need
guidelines to ensure that these
products provide real disinfection
and end-user benefits,” he adds.
“LightingEurope’s mandate to edu-
cate institutions and policy makers
on the benefits, safety and oppor-
tunities brought by innovations in
the European lighting market fits
our mission to create UVC solutions
for healthy living around the world.
We look forward to working with

LightingEurope and the general
lighting industry to advance the use
of safe UVC disinfection for infection
prevention.” 
“Interest in UV-C disinfection

technologies has boomed over the
past months, and LightingEurope
offers a unique collaboration plat-
form for manufacturers to ensure
safe quality UV-C products are
being made available,” says
LightingEurope’s secretary general
Ourania Georgoutsakou. “As a LED
UV-C specialist, Crystal IS will sub-
stantively contribute to our mission
on behalf of Europe’s lighting indus-
try to accelerate the uptake of good
lighting and UV-C disinfection tech-
nologies in the new framework of
the EU Green Deal and the Renova-
tion Wave Initiative,” he adds. 
www.cisuvc.com/products/klaran 
www.lightingeurope.org 

Crystal IS joins LightingEurope 
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On 18 February, Japan’s Nitride
Semiconductors Co Ltd (which was
spun off from Tokushima University
in 2000 and claims to have devel-
oped the first highly efficient ultra-
violet light-emitting diode) filed a
complaint against global electrical
components distributor Digi-Key
Corp in the US District Court for the
District of Minnesota, asserting that
UV-LED products being supplied by
various LED companies — such as
American Opto Plus LED Corp,
Crystal IS Inc, Kingbright Electronic
Co Ltd and QT-Brightek Corp —
have been infringing its UV-LED
patent. In an earlier-filed patent 
litigation against Digikey, Nitride
has already accused patent
infringement against UV-LED 

products of Luminus Device Inc and
Lite-On Semiconductor Corp. 
Nitride first filed a patent infringe-

ment suit against Digi-Key in the
US District Court for the District of
Minnesota in September 2017.
With professor emeritus Shiro

Sakai at Tokushima University,
Nitride developed highly efficient
UV-LEDs as early as 2000. It has
continued to manufacture and sell
UV-LEDs, and says that it has
invested in R&D to develop and
enhance its UV-LED technology. 
To protect its UV-LED patented

technology, Nitride initiated its
patent enforcement campaign
starting in 2017. Subsequently, in
2020, a judgment was issued by
the US District Court for the 

Northern District of California
against RayVio Corp for infringing
Nitride’s UV-LED patent. That judg-
ment was also in Nitride’s favor
with respect to the validity of its
patent. The US Patent & Trademark
Office has also confirmed the 
validity of the key claims of
Nitride’s patent in its final judgment
on an Inter Parte Review case filed
by RayVio. 
Nitride says that, since it consid-

ers its intellectual property rights 
to be vitally important company
assets, it will take any action 
necessary to enforce its patent
against infringers in any country
and uphold its patents and other
intellectual property rights. 
www.nitride.co.jp 

Nitride continues enforcement against infringement
of UV-LED patent

Spun out of the University of Cam-
bridge in 2017 — with an exclusive
license to its proprietary cubic 
gallium nitride (GaN) intellectual
property to deliver efficient green
and amber LEDs — Kubos Semi-
conductors Ltd of Cambridge, UK
says that it has demonstrated the
first commercially compatible LEDs
based on the cubic crystal phase of
GaN, representing a step towards
more efficient solid-state lighting. 
“This is a culmination of several

years of research and development
by Kubos and the Cambridge 
Centre for Gallium Nitride,” notes
technical director professor David
Wallis. “Using the cubic crystal
phase of GaN overcomes the limita-
tions of conventional GaN LEDs
[through the removal of internal
electric fields and a narrower
bandgap], allowing us to ultimately
deliver significantly higher-effi-
ciency green and amber devices.
These devices underline the mater-
ial’s potential and demonstrate
another big step towards achieving
full commercialization.” 

Having efficient green and amber
LEDs should enable the next stage
in the development of solid-state
lighting (SSL) solutions, allowing
greater control of the lit environ-
ment, further energy savings and
carbon impact reduction, says the
firm. Additionally, by translating the
performance benefits of cubic GaN
in the lighting sector to smaller
devices, the technology could also
be a game-changer for micro-LEDs
for full-color displays, it adds. 
“Previously, cubic GaN has been

developed as part of small-reach
activities,” says CEO Caroline O’Brien.
“The process that Kubos is develop-
ing is fully compatible with large-
scale, volume manufacturing, and
Kubos holds the unique IP that makes
this ground-breaking technological
development possible,” she adds. 
“As Kubos opens its next round of

funding and broadens customer
engagements, these devices fur-
ther strengthen the arguments for
cubic GaN to be used in devices
across the visible spectrum and its
potential to address both the green

gap in LEDs and the current limita-
tions in red micro-LEDs.” 
Kubos claims that its technology

can enable production of commercial
high-end, low-cost, highly efficient
LEDs by fundamentally solving the
long-standing green-gap problem in
solid-state lighting. The technology
is applicable to a wide range of
applications including general lighting,
micro-LED displays, automotive,
street lighting and digital signage. 
Kubos plans to license the tech-

nology to major LED makers. 
The 2020 Cambridge Independent
Science and Technology awards has
shortlisted Kubos as a finalist in the
start-up of the year category. 
Low Carbon Innovation Funds

(LCIF) 1 & 2, both managed by
specialist low-carbon investor
Turquoise International, have
backed Kubos. LCIF2 invests in
early- and late-stage ventures that
make measurable reductions to
greenhouse-gas emissions, with
the creation of financial return and
sustainability as the primary goals. 
www.kubos-semi.com 

Kubos demos commercially compatible cubic GaN LEDs 
Cambridge spin-off aims to license technology to LED makers
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Nichia Corp of Anan City,
Tokushima, Japan has launched the
NCSU334B deep-UV LED which, 
at a peak wavelength of 280nm, 
is claimed to outperform other
commercially available UV-C LEDs
(regardless of wavelength) in 
output, efficiency and lifetime.
Meanwhile, independent research
has confirmed that they are also
best-in-class for disinfection 
performance against the SARS-
CoV-2 novel coronavirus. 
Nichia says that its UV-C LED

technology was extensively tested
at Tokushima University to demon-
strate its bacteria and virus disin-
fection efficiencies. Experiments
conducted by the Graduate School
of Biomedical Sciences confirmed
that irradiating SARS-CoV-2 with
the NCSU334B for 30s at a fluence
(UV dose) of 51mJ/cm2 yielded
99.99% inactivation (see Figure 1).
The experiment was also conducted
on the basis of the NCSU334B’s
binned input power and for
1.7mJ/cm2 and 5cm distance.
There remains adequate room to
reduce the time or increase the
dosage, depending on the condi-
tions or the designated working
distance, the number of LEDs or
the input power. For example, at
half the working distance, the 
performance increases fourfold. 
Reflecting its commitment to

serve global markets, Nichia has
scaled up its investment in R&D
and manufacturing capacity for its
UV LED products. Now in mass pro-
duction, the NCSU334B, at a wave-
length of 280nm, achieves what is
claimed to be industry-leading 
output, efficiency and lifetime. It
delivers a typical irradiance of
70mW with a wall-plug efficiency
(radiance efficiency) of 3.6% 
(an improvement of 27% on its
predecessor). Due to its hermetic
seal, it also provides long lifetime
performance, especially at peak
temperatures and humidity levels. 

While traditional UV-C technologies,
such as low-pressure mercury
vapor lamps, were limited to a
254nm peak, the most efficient
wavelength to disinfect bacteria
and viruses is known to be 260nm
due to the peak absorption spectrum
of the DNA/RNA. However, Nichia
has demonstrated that 280nm
delivers the highest virucidal power
as it has a very strong irradiance,
wall-plug efficiency and lifetime, 
all at practical operating conditions
versus what are described as many
other unreasonable claims in the
market. Indeed, data highlights
that the virucidal power of the
280nm LED is about 1.3 times
(127%) that of 265nm LEDs. The
280nm LED also delivers a lifetime

ten times
longer than a
265nm LED. 
Generally,

the advanta-
geous com-
pact size of
LED-based
UV-C solutions
means that
they can be
directly 
integrated
within 
disinfection
applications in
restricted
spaces 

including industrial applications,
water purifiers, air conditioning
systems etc. 
UV-C light is making a significant

contribution to combatting viruses
and bacteria, simplifying traditional
methods. For example, to obtain a
high viricidal effect (i.e. 4-log)
when using an alcohol solution for
disinfection (containing 77–81%
ethanol), surfaces need to be suffi-
ciently wetted with the substance
or require significant effort and
time (often times beyond 30s).
Used in conjunction with such
measures, Nichia’s 280nm deep UV
LED can provide a highly viricidal
effect while saving time and effort. 
Nichia says that, after succeeding

in 1997 in developing and mass-
producing deep UV
LEDs, it aims continu-
ously to improve its
products. So, after
many years of 
accumulated research
into the technology of
crystal growth and
package structures
with efficient heat 
dissipation, the firm
plans to announce
further expansion of
its UV-C portfolio soon. 
www.nichia.co.jp

Nichia’s new 280nm deep-UV LEDs eliminates 
up to 99.99% of SARS-CoV-2 
Virucidal power of 280nm LED about 1.3 times that of 265nm LEDs 

SARS-CoV-2/Hu/DP/Kng/19-020 (GenBank: LC528232),
provided by Kanagawa Prefectural Institute of Public Health. 
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Osram GmbH of Munich, Germany
is further expanding its expertise in
disinfection applications using UV-C
ultraviolet light by investing in the
UV-C LED specialist Bolb Inc of 
Livermore, CA, USA, acquiring a
stake of about 20% in the firm. 
Future cooperation between the

two companies in research is aimed
at accelerating the industrialization
of highly efficient and high-
performance UV-C LEDs. Unlike
previous solutions, LED-based 
disinfection systems require very
little space and can be installed
directly at the point of use — such as
in water taps, washing machines or
ventilation systems. Space-saving
disinfection solutions can make an
important contribution to combating
the coronavirus, reckons Osram.
The market for UV disinfection
solutions is currently worth about
€1bn and will quadruple by 2027,
forecasts Allied Market Research.

Market researchers also expect the
share of UV-C LED solutions to
grow steadily. 
Similar to the many advantages

that LEDs provide for conventional
lighting applications versus tradi-
tional lighting
technologies,
UV-C LEDs
promise a
variety of
benefits for
manufactur-
ers of disin-
fection
solutions.
These include
lower energy
consumption,
long lifetime
and signifi-
cantly simpli-
fied system
design due to
the compact

size of the light sources. 
“Osram already has various 

UV-C light solutions for disinfection,
including LED and traditional tech-
nologies,” says Olaf Berlien, CEO of
OSRAM Licht AG. “The strategic
investment in Bolb strengthens our
know-how in the UV-C LED field,”
he reckons. 
Due to a unique technical building

block for UV-C LEDs, Bolb has
already achieved efficiency values
ahead of other products available
on the market, it is claimed. “With
Osram’s decades of experience in
the development and manufacturing
of semiconductor-based products,
this partnership sets the course 
for Osram and Bolb to lead the
market for UV-C LEDs,” expects
Ulrich Eisele, head of Fluxunit,
Osram’s venture capital unit.
www.bolb.co 
www.osram.com
www.fluxunit.de 

Luminus Inc of Sunnyvale, CA, USA
— which designs and makes LEDs
and solid-state technology (SST)
light sources for illumination mar-
kets — and North Carolina-based
NewEnergy LLC have introduced
new linear modules built with Salud
MP3030 LEDs. 
Salud LEDs are engineered to

achieve specific melanopic/photopic
ratios in addition to providing light
that is both comfortable and 
renders true colors. NewEnergy’s
Salud linears deliver light that aims
to keep people healthy, alert and
productive and are available in 
correlated color temperatures
(CCTs) of 3000K, 4000K and 5000K.
The linear modules are suitable for
indoor applications including
offices, schools, nursing homes,
retail locations, hospitals and 

medical facilities — places where
comfortable lighting and smart
design can promote productivity
and wellness. 
The standards of the International

WELL Building Institute (IWBI)
have paved the way for the design,
creation and implementation of
spaces that promote human health
and wellness, as well as daily pro-
ductivity. The Salud linears can aid
the design and creation of space
that is both welcoming and healthy.
The high melanopic ratios of the
3000K, 4000K and 5000K linear
boards can enable lighting design-
ers to meet the equivalent
melanopic lux (EML) requirement of
the WELL Building standard without
having to use cool CCTs like 6500K
and without having to over-light
the environment. 

Features of the linear modules
include the following: 
● an engineered spectrum with
enhanced cyan for melatonin
suppression; 
● full-spectrum emission 
(no cyan gap); 
● color rendering Ra>90; 
● enriched 660nm emission for
natural skin tones and excellent
red rendering; 
● configurable with off-the-shelf
optics; and 
● 4000K Salud suitable for lumi-
naires requiring compliance with
the Cyanosis Observation Index
(COI). 
The modules are available through

NewEnergy’s distribution channels
including Digi-Key Corp and
Mouser. 
www.new-energyllc.com 

Osram acquires 20% stake in UV-C LED firm Bolb 
Strategic investment to strengthen disinfection technology 

NewEnergy launches linear module using Luminus LEDs 
Human-centric lighting with 3000K, 4000K and 5000K CCTs 
targets high melanopic ratios 

“Osram already
has various UV-C
light solutions
for disinfection,
including LED
and traditional
technologies,”
says Olaf Berlien,
CEO of OSRAM
Licht. “The
strategic
investment in
Bolb strengthens
our know-how in
the UV-C LED field



ROHM has expanded its PICOLED
range of ultra-compact chip LEDs for
compact mobile devices and wear-
ables by launching the CSL1501RW
side-emitting (side view) infrared
LED, suitable for head-mounted
displays, industrial headsets, and
VR/MR/AR (xR, virtual/mixed/aug-
mented reality) gaming systems. 
In recent years, VR/MR/AR tech-

nology, which has emerged follow-
ing the continuing advancement of
the Internet of Things (IoT), is being
increasingly adopted in headsets and
head-mounted displays within a vari-
ety of gaming systems. The ability to
simulate 3D space and project data
in the real world has expanded the
market for VR/MR/AR applications
in the industrial sector as well. 
In parallel, increasing application

functionality has led to the use of
IR LEDs for eye tracking together with
accelerometers commonly installed
for detecting body movement. 

In response, ROHM is now offering
a new ultra-miniature infrared LED
with a side-firing design, optimized
for the versatility required as a 
light source for eye-tracking in
VR/MR/AR applications. 
The CSL1501RW delivers a peak

wavelength of 860nm in what is
said to be the industry’s smallest

(1.0mmx0.55mm,
t=0.5mm) side-view
design that emits
light parallel to the
mounting surface,
providing exceptional
design flexibility. 
Also, ROHM says it
has leveraged its
strengths in LED
chip manufacturing
to improve luminous
efficiency and reduce
power consumption
by over 20% (from
0.24W to 0.18W at

1mW/sr). The device can hence
serve as a light source for eye
tracking in VR/MR/AR applications
that require greater performance. 
After samples were made available

in November (at $0.36 per unit,
excluding tax), mass production
will begin in March. 
www.rohm.com
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LED maker Lumileds LLC of 
San Jose, CA, USA has launched
the LUXEON 2835N, which fills in
the performance gap between the
LUXEON 2835C and the 2835 HE. 
The three variants are relatively

close in performance at a drive cur-
rent of 65mA — LUXEON 2835N
delivers 204 lumens per Watt — but,
as current increases, real differences
in both light output and efficacy
become clear. With its 300mA 
current capability and thermal char-
acteristics, the LUXEON 2835N is
reckoned to be an optimal 3V choice. 
“The value of LUXEON 2835N

really starts to show itself as lumi-
naire manufacturers take advantage
of its current and thermal capabili-
ties,” says product manager Ryan
Dong. “At 100mA, we’re delivering
190lm/W and at 150mA LUXEON
2835N is producing 72.8 lumens
with an efficacy of 172lm/W.” 

LUXEON 2835N is available in a
complete CCT/CRI portfolio. Both
80 and 90 CRI (color rendering
index) are supported at CCTs 
(correlated color temperatures)
from 1800K to 6500K. The reliable
package has been proven with

more than 12,000 hours of data for
the LM80 report. 4-quadrant micro
color bins and 0.1Vf bins complete
an offering for luminaire manufac-
turers that gives them access to
the exact parts needed.
www.lumileds.com/2835N 

Lumileds fills 2835 mid-power LED performance gap 
LUXEON 2835N slots in between 2835C and 2835 HE 

ROHM expands PICOLED range with side-emitting 
infrared LED for virtual/mixed/augmented reality
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The 2021 QEPrize (comprising a
total cash prize of £1m) has been
awarded to Isamu Akasaki, 
Shuji Nakamura, Nick Holonyak Jr,
M. George Craford and Russell
Dupuis for the creation and devel-
opment of LED lighting, recognizing
not only the global impact of LED
and solid-state lighting but also the
contribution that the technology has
made, and will continue to make,
to reducing energy consumption
and addressing climate change. 
First awarded in 2013 in the name

of the UK’s Queen Elizabeth II, 
the 2021 QEPrize was open to 
up to five living individuals (of any
nationality) personally responsible
for a ground-breaking innovation in
engineering that has been of global
benefit to humanity. 
The 2021 winners were announced

by Lord Browne of Madingley,
chairman of the Queen Elizabeth
Prize for Engineering Foundation. 
Visible LEDs now comprise a global

industry predicted to be worth over
$108bn by 2025 through low-cost,
high-efficiency lighting. LED light-
ing is 75% more energy efficient
than traditional incandescent and
compact fluorescent bulbs, and is
playing a crucial role in reducing
carbon dioxide emissions. LED
bulbs last 25 times longer than
incandescent bulbs and their large-

scale use reduces the energy
demand required to cool buildings. 
“This is a team prize. I was able 

to do what I did in the 1980s,
because of what had come before,”
comments professor Nakamura.
“When I was modifying reactors
every morning and every afternoon
continuously for a year and a half, 
I never thought it would be so 
successful,” he adds. 
“The QEPrize is so prestigious and

it is spectacular to receive recogni-
tion from The Royal Family,” says
Craford. “I am proud to part of
something that has made such a
big impact on the world,” he adds. 
“All five of us each played an

important role,” notes professor
Dupuis. “In those early days, when
it was long days and nights hand-
building reactors, Nick Holonyak
mentored us. He really drew us in
and inspired us to be part of the
adventure that is engineering.” 
“This year’s prize winners have

not only helped humanity to
achieve a greater degree of 
mastery over the environment,
they have enabled us to do so in a
sustainable way. They have created
a product which we now take for
granted, but which will play a major
role in ensuring that humanity can
live in harmony with nature for
many more centuries to come,”

comments Lord Browne of Madingley,
chairman, Queen Elizabeth Prize 
for Engineering Foundation, which
administers the QEPrize. 
The impact of the innovation

“makes lighting a lot cheaper and
more accessible for emerging
economies,” notes professor 
Sir Christopher Snowden, chair 
of the QEPrize Judging Panel. 
“For example, LEDs are being used
on fishing boats where previously
the only option would have been
paraffin lamps. They are much
cheaper and safer. It is not only an
extreme engineering achievement,
but a societal impact that has a 
significant impact on the environ-
ment.” 
The winners will be formally 

honoured at a ceremony later this
year; they will receive the £1m
prize and a trophy designed by the
2021 Create the Trophy winner
Hannah Goldsmith, a 20-year-old
design student from the UK. 
The QEPrize is funded by support

from the following corporate
donors: BAE Systems plc, BP plc,
GlaxoSmithKline, Hitachi Ltd,
Jaguar Land Rover, National Grid plc,
Nissan Motor Corp, Shell UK Ltd,
Siemens UK, Sony, Tata Steel
Europe, Tata Consultancy Services,
and Toshiba. 
www.qeprize.org 

LED lighting development wins 2021 QEPrize 
Isamu Akasaki, Shuji Nakamura, Nick Holonyak Jr, M. George Craford
and Russell Dupuis awarded engineering accolade 
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Professor Martin Dawson, director
of research at Strathclyde’s 
Institute of Photonics and also head
of the Strathclyde-hosted Fraunhofer
Centre for Applied Photonics, has
been named as the 2021 recipient
of The Optical Society’s (OSA) 
Nick Holonyak Jr Award.
The award is presented annually

for significant contributions to optics
based on semiconductor devices
and materials. Dawson is the first
UK-based recipient of the award
since it was established in 1997. 
“It coincides with the 25th

anniversary of the founding of the
Institute of Photonics, so the timing
couldn't have been better, and it is
a credit to the scientific adventur-
ousness and close collaboration 
and teamwork which have been
features of the Institute since the
outset,” says Dawson. 
“Martin Dawson’s pioneering work

on III-V semiconductor devices
perfectly represents the spirit of the
Nick Holonyak Jr Award,” com-
ments 2021 OSA president Connie
Chang-Hasnain, Whinnery Chair
Professor Emerita of EECS at Uni-
versity of California, Berkeley, USA. 
Dawson’s career has focused on

applied research in academia and
industry in the UK and USA and he
has been involved in the formation

and technical development of a
number of spinout businesses. 
His work involves semiconductor
materials, microfabrication, opto-
electronic device development and
laser technology, with applications
in optical wireless communications,
displays, biomedical instrumenta-
tion and the heterogeneous integ-
ration of separately manufactured
components into single devices. 
He is receiving the award for

“wide-ranging contributions to the
development and application of
III–V semiconductor devices, 
especially including gallium nitride
micro-LEDs and optically pumped
semiconductor lasers”. 

“The two areas highlighted in the
citation have deep roots at Strath-
clyde and both are of industrial as
well as basic research significance,”
says Dawson. “Micro-LED technology
is now taking off worldwide for new
types of high-performance displays,
with stunning prototypes and initial
commercial products appearing
rapidly, so it is particularly gratifying
to see our role in the founding and
development of the field recognized
in this way,” he adds. 
“When we established the 

Institute of Photonics, we took a
distinctive approach in focusing 
on applications-driven work of
industrial relevance, but of course
no-one can predict exactly how
markets for new technology will
emerge,” Dawson continues. 
“The display industry is incredibly
competitive and it will be fascinating
to see how micro-LED technology
fits into the broader commercial
landscape in the years ahead.”
Dawson was previously awarded

the 2016 Gabor Medal and Prize by
the UK’s Institute of Physics (IOP)
and the 2016 Aron Kressel Award
by the IEEE Photonics Society. 
www.osa.org 
www.strath.ac.uk/science/physics/
instituteofphotonics 
www.cap.fraunhofer.co.uk 

Strathclyde’s Martin Dawson wins OSA’s 
Nick Holonyak Jr Award 
Recognition for contribution to development and application 
of III–V optoelectronic devices

Professor Martin Dawson (photo by
Fraunhofer UK.) 



News: Optoelectronics

semiconductorTODAY Compounds&AdvancedSilicon • Vol. 16 • Issue 1 • February 2021 www.semiconductor-today.com

44

Engineered materials and optoelec-
tronic component maker II–VI Inc
of Saxonburg, PA, USA, has
launched a 1060nm seed laser in a
3-pin miniature package for pulsed
fiber lasers in materials processing. 
The intensifying competition in the

industrial laser market is driving
demand for components that are
more compact and lower cost to
differentiate next-generation laser
systems, notes the firm. Its new
seed laser, which emits a broad-
band spectrum of more than 10nm
at 1060nm, is now available in a 
3-pin miniature package. 
The new product benefits from

sharing the manufacturing line with
II–VI’s telecom pump lasers in the
same package, which are already

being manufactured at scale. 
“The success of our gallium arsenide

(GaAs) technology platform is the
result of decades of investment in
the design, manufacturing, and
modeling of our lasers and our abil-
ity to scale to a vertically integrated
6-inch platform over the last few
years,” says Dr Karlheinz Gulden,
senior VP, Laser Devices and Systems
business unit. “We have led the
market in component miniaturization
for telecom applications,” he claims,
“and we are now leveraging these
innovations for fiber lasers. 
Our 3-pin package was the first of
its kind for telecom pump lasers,
and now it is the first of its kind for
seed sources for pulsed fiber
lasers.” 

II–VI Inc’s broad portfolio of 
components for fiber-laser systems
includes seed lasers, pump lasers,
acousto-optic modulators, 
fiber Bragg gratings, kilowatt pump
and signal combiners, matched
chirped mirror pairs, dispersion-
compensation prism pairs, 
diffractive gratings, polarization-mode
combiners, ion beam sputtering
(IBS) coated laser optics, and
micro-optics for high-power 
isolators. 
II–VI is showcasing its product line

of optics and lasers at the 2021
SPIE Photonics West Digital Forum
(6–11 March). 
www.ii-vi-photonics.com
http://spie.org/
photonics-west.xml 

II–VI launches 1060nm seed laser for fiber lasers 
in materials processing 
3-pin package allows sharing manufacturing line with 
telecom pump lasers 

Rockley Photonics of Oxford, UK
and Pasadena, CA, USA has closed
an additional $65m round of
growth capital from both new 
private funds and follow-on existing
investor Morningside Ventures. 
To date, Rockley has raised over
$290m of financing to develop its
unique silicon photonics platform
from recent investors such as
Credit Suisse backed SIG-I Capital
and Applied Ventures LLC (the 
venture capital arm of Applied 
Materials Inc). 
Rockley was formed in 2013 by 

a management team that has pre-
viously had success with two silicon
photonics companies. Founder &
CEO Andrew Rickman founded the
first firm to commercialize silicon
photonics, Bookham Technology
(which had an IPO in 2000, became
Oclaro in 2009 and is now a part of
Lumentum), and later became
chairman of Kotura (sold to 

Mellanox in 2013). Rockley has
developed a versatile, third-
generation application-specific 
silicon photonics platform designed
for optical integration in next-
generation sensor systems and
communications networks. 
“There is tremendous need for

technologies that can enable effec-
tive digital health and wellness,
driven by the associated benefit
provided to population health,” says
Rickman. “This funding provides
the resources for Rockley to 
dramatically accelerate its product
offerings, particularly our integ-
rated optical sensors products. 
We are committed to our tier-1
customers and our ability to help
expand their product offerings and
the innovative data-driven business
models these products will enable,”
he adds. 
“We are very pleased to support

Rockley at this juncture of the com-

pany’s development and contribute
to the commercial success of their
integrated optical chipsets and
related products in multiple markets,”
comments Morningside Group
investment manager Mick Sawka.
“Silicon photonics is at a tipping
point, and the technical attributes
of Rockley’s platform, coupled with
the strong product roadmap and
established high-volume production
ecosystem, uniquely positions the
company for growth in exciting 
verticals of interest including
healthcare and communications,”
he believes. 
Rockley was recently named as 

an early constituent in the Lazard
T100 Venture Growth Index, a
developing collection of selected
firms demonstrating the potential to
disrupt multi-billion-dollar sectors
and shaping the European venture
growth ecosystem. 
www.rockleyphotonics.com

Rockley raises additional $65m to accelerate growth 
Funding to speed development of integrated optical sensors products 
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Engineered materials and optoelec-
tronic component maker II–VI Inc
of Saxonburg, PA, USA has
announced its double-junction 
vertical-cavity surface-emitting
laser (VCSEL) arrays, the first of its
multi-junction VCSEL array plat-
forms for next-generation world-
facing 3D sensing applications. 
The growing adoption of 3D sens-

ing in several markets (including in
consumer electronics, automotive
and industrial) is driving demand
for depth sensors with longer and
wider range, lower power con-
sumption, smaller size and lower
cost. II–VI’s new VCSEL arrays are
based on a double-junction tech-
nology that doubles the power out-
put per VCSEL emitter and
improves the power conversion
efficiency to 56%, compared with
46% in existing single-junction
technology. This can be leveraged
for a number of benefits, including
higher output power to sense 
further and wider, reduced battery
power consumption, and smaller
size to achieve lower cost and to
enable more inconspicuous
designs, says the firm. 
“We have developed over the

years strong partnerships with our
customers, closely collaborating on
the development of long-term tech-
nology and product roadmaps
aimed at providing breakthrough
solutions and continuously elevat-
ing user experience in 3D sensing,”
says Dr Julie Eng, senior VP, Opto-
electronic & RF Devices business
unit. “A few years ago, we success-
fully scaled our vertically integrated
GaAs optoelectronics technology
platform from 3-inch to 6-inch,
which enabled us to shorten our
development cycles and introduce
new products to meet aggressive
market windows,” he adds. “We are
now once again evolving the plat-
form, this time with a leap to dou-
ble-junction technology that we
believe will unlock exciting new use
cases, such as farther depth of
sensing in world-facing applications
and seamless integration into con-
sumer products for AR [augmented
reality] and VR [virtual reality]
applications.” 
II–VI’s double-junction VCSEL

arrays emit at 940nm, and their
steep slope efficiencies enable very
short pulses of very high peak pow-
ers. The VCSEL arrays are designed

for low-cost non-hermetic packaging
and, like the single-junction arrays,
can be reliably and cost-effectively
scaled in total power by increasing
the number of emitters per chip,
says the firm. They can also be
produced in high volume on II–VI’s
vertically integrated 6-inch platform. 
II–VI’s portfolio of products for 3D

sensing includes diffractive optical
elements (DOEs) and thin-film filters
that are produced at wafer-scale
for high-volume applications. DOE
flat lenses and lenslet arrays colli-
mate, focus or transform beams
from VCSEL arrays. DOE diffusers
homogenize the output of VCSEL
arrays and produce a uniform field
of illumination. DOE splitters sepa-
rate an input beam into multiple
output beams. Filters are used to
improve the signal-to-noise ratio of
the image sensor array. II–VI
VCSEL arrays are available as chips
or integrated with DOEs in surface-
mount technology packages. 
II–VI is showcasing its product line

of lasers and optics for 3D sensing
at the 2021 SPIE Photonics West
Digital Forum (6–11 March). 
http://spie.org/photonics-west.xml 
www.ii-vi-photonics.com

II–VI launches double-junction 940nm 
VCSEL arrays for 3D sensing
Output doubled and power conversion efficiency boosted to 56% 

II–VI Inc of Saxonburg, PA, USA,
which makes optical transceivers,
has received the Supply Chain
Excellence Award 2020 from
Fujitsu Network Communications
Inc (a provider of business, info-
rmation technology and communi-
cations solutions) at its virtual
Supplier Appreciation Day held on
14 January. II–VI was honored by
Fujitsu in recognition of its excel-
lent overall performance, including
achievement of 100% on-time
delivery. 
“II–VI is proud to receive this

recognition from Fujitsu and 

would like to thank our operations
teams for their dedication to excel-
lence that made it possible,” says
Dr Lee Xu, senior VP, Transceivers
business unit. “The award is a
strong demonstration of our ability
to leverage our vertical integration
and global supply chain manage-
ment to deliver advanced trans-
ceivers at scale to a world-class
equipment manufacturer that
demands superior quality.” 
II–VI offers a broad portfolio of

transceivers that are fully compli-
ant with all the most widely
deployed standards, including 

Ethernet, Fibre Channel, InfiniBand,
SONET/SDH/OTN, CPRI and PON.
The firm’s transceivers operate at
data rates from 100Mbps to
800Gbps and perform over
extended voltage and temperature
ranges while minimizing jitter,
electromagnetic interference
(EMI), and power dissipation. 
They range from very short to 
very long reaches, encompassing
data-center, campus, access, metro,
wireless and long-haul applications. 
www.fujitsu.com/global/services/
infrastructure/network 
www.ii-vi.com

II–VI Inc wins Fujitsu Supply Chain Excellence Award 
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Light detection & ranging (LiDAR),
which uses infrared light to create 
a precise, three-dimensional map
of the environment, is a key 
technology in the development 
of autonomous vehicles (AVs). In
combination with radar and camera
systems, it acts as the vision of the
car, capturing its surroundings. 
The better the visual information
provided by LiDAR, the easier it is
for the downstream systems to use
it, notes Germany’s Osram. 
Up to now, the infrared lasers

used for this purpose have had
deviations in wavelength stability 

of up to 40nm as temperature rises
in the component. As a result, the
LiDAR system’s ‘vision’ was a bit
blurred. Osram says that it has 
produced a novel chip design that
now reduces the wavelength shift
to just 10nm, enabling much
clearer and sharper images of the
surroundings. 
Due to the newly developed chip

design, edge-emitting lasers can
match and even exceed the wave-
length stability of vertical-cavity
surface-emitting lasers (VCSELs) at
operating temperatures of up to
125°C typical for automotive appli-

cations, reckons Osram. This mile-
stone in the development of infrared
lasers allows the use of a much
smaller wavelength filter on the
detector, significantly improving the
signal-to-noise ratio, claims the firm. 
The technical advance has been

demonstrated in components with
triple-junctions (three light-emitting
surfaces stacked one on top of 
the other). In the future, the new
design will be used in all Osram
infrared lasers, offering enormous
advantages to LiDAR system manu-
facturers, reckons the firm.
www.osram.com

Ultraviolet LED product maker
Seoul Viosys Co Ltd (a subsidiary 
of South Korean LED maker 
Seoul Semiconductor Co Ltd) says
that, for the first time in Korea, 
it has succeeded in developing 
vertical-cavity surface-emitting
laser (VCSEL) technology, a 
near-field-only 25Gbps laser diode
compatible with 5G wired networks
for transmitting and receiving. The
firm has started mass production 
to supply these products to three
initial customers.
As a light-based communication

technology, VCSELs can achieve
ultra-high-speed data communica-
tion in 5G environments. They are
also necessary for augmented 
reality (AR)/virtual reality (VR), 
3D sensing and the camera-applied
ToF (time of flight) for smartphones,
as well as automotive light detection
& ranging (LiDAR). Seoul Viosys’
VCSELs for sensor applications
have already received customers’
approval and will be mass-produced
in first-quarter 2021, and the LiDAR
technology is also undergoing the
approval process to be supplied to

an automotive system provider.
According to the market research
firm Yole Développement, the
VCSEL market is expected to grow
18.4% annually from $1.1bn in
2020 to $2.7bn in 2025. 
The 25Gbps VCSEL market has

seen three large US-based firms —
II–VI, Lumentum and Broadcom —
involved in a power struggle for
these high-value-added products
(which have a selling price more than
10 times larger than that of an LED).
Seoul Viosys’ VCSEL can be 
implemented in single-channel or
four-channel configurations,
depending on the intended use,
with the four-channel implementa-
tion providing 100Gbps (4x) 
data reception and transmission.
Although VCSEL technology
involves a high degree of difficulty

in implementation, it is expected to
span a wide range of applications in
the future, as it is price competitive
compared with horizontal-type
laser diodes that emit light from
the sides. 
“As the paradigm shift has pro-

gressed in the recent non-contact
era, interest in VCSEL technology 
is growing, since it is a critical 
technology for implementing the
Internet of Things (IoT) environ-
ment,” says Seoul Viosys. 
“Seoul Viosys will continue to
research and develop the VCSEL
technology to expand and apply
our differentiated VCSELs to 5G
communication-based smart cities,
autonomous driving applications,
AR/VR, and industrial IoT markets,”
the firm adds. 
www.seoulviosys.com

Seoul Viosys begins production of 25G VCSELs for 5G 
Production for sensor applications starting in Q1/2021 

Osram’s new edge-emitting laser chip design
matches wavelength stability of VCSELs 
Enabling smaller wavelength filter on detector boosts 
signal-to-noise ratio for LiDAR in autonomous vehicles 



For fiscal first-quarter 2021 (to
end-December 2020), Emcore Corp
of Alhambra, CA, USA — which 
provides mixed-signal products for
the aerospace & defense and
broadband communications markets
— has reported revenue of $33.4m,
level with $33.5m last quarter 
(the largest quarterly revenue since
December 2014) and up 31% on
$25.5m a year ago. 
Broadband segment revenue was

$19.8m (59.3% of total revenue),
up 4% on $19m last quarter and up
68% on $11.8m a year ago, driven
by the continued surge in demand
for cable TV optical transmitters and
components, as MSOs continued to
invest in their networks to break
bottlenecks caused by bandwidth
demand from work-at-home initia-
tives. 
Aerospace & Defense (A&D) 

segment revenue was $13.6m
(40.7% of total revenue), roughly
level with $13.7m a year ago but
down 6% on $14.5m last quarter,
due primarily to the program timing
for quartz micro-electro-mechanical
system (QMEMS) Navigation products
(for which revenue was down 8%),
since contract delivery dates tend
to mirror the government’s fiscal
year (which ends in September).
Revenue for Defense Optoelectronics
product lines was essentially flat,
although the new millimeter-wave
Q- and V-band products continue to
gain customer interest in the market
across military and commercial
applications. 
“From an operational perspective,

the supply chain and operations
team continued to meet the 
challenges of COVID-19 driven
shortages,” notes president & CEO
Jeff Rittichier. “The biggest difficulties
were delays caused by air freight
and customs, especially at the end
of the quarter [impacting revenue
by almost $0.5m]. While we fore-

saw these problems, they were a
bit worse than we expected.” 
On a non-GAAP basis, gross margin

was 38%, level with last quarter
but up from just 30% a year ago.
Broadband’s gross margin saw a
further rise, from 26% a year ago
and 42% last quarter to 43%,
driven primarily by the segment’s
higher revenue. Conversely, A&D’s
gross margin fell slightly further,
from 33% a year ago and 32% 
last quarter to 31%. 
Operating expenses (OpEx)

improved again to $9.3m 
(28% of revenue), cut from $9.7m
(29% of revenue) last quarter
(having been 36.9% of revenue a
year ago), due primarily to reduced
project-related R&D expenses 
(with A&D R&D expenses falling
from $4m to $3.56m, and 
Broadband R&D expenses falling
from $0.62m
to $0.53m). 
As a result

of another
strong quar-
terly per-
formance for
revenue and
gross margin,
combined
with the
lower OpEx,
net income
was $3.4m
($0.11 per
diluted
share), a 
further
improvement
from $2.9m
($0.10 per
diluted share)
last quarter
and a net loss
of $1.8m
($0.06 per
diluted share)
a year ago. 

“The Emcore team executed well
in Q1/2021, combining revenue
and gross margin consistency with
lower operating expenses to drive
strong sequential-quarter earnings
growth,” comments Rittichier. 
“We continued to overcome 
COVID-19-related challenges in our
supply chain and operations, and
made good progress on product
qualification and new programs
capture despite the COVID head-
winds.” 
Cash generated from operations

was $1.6m (level with last quarter).
Capital expenditure (CapEx) was
$900,000 (down from $1.1m).
During the quarter, cash (net of a
$6.5m loan payable) therefore rose
by $0.7m, from $24m to $24.7m. 
The transition of cable TV manu-

facturing operations from Emcore
Asia (EA) in Beijing, China to 
Shenzhen-based electronics manu-
facturing services (EMS) provider
Hytera Communications’ facility in
Bangkok, Thailand made “significant
progress against its operational
milestones: transmitter yields in
Bangkok remain on target and
laser module yields continue to
improve,” notes Rittichier. “Strong
demand from our customers and
the rash of COVID-19 outbreaks in
both the Hebei province in China 
as well as Thailand dictate that 
our best strategy is to hedge the
geographic risk of COVID-19 out-
break by continuing to operate 
Beijing and Bangkok in parallel 
until the end of the calendar year.
In addition, our customers simply
cannot afford the temporary loss 
of production capacity associated
with the final move to Bangkok. 
We responded rapidly to challenges
to keep production on plan, but
these incidents demanded additional
measures to deal with the problem.
Going forward, we will also ship
lasers for our sensing customers

From an
operational
perspective, 
the supply chain
and operations
team continued
to meet the
challenges of
COVID-19 driven
shortages. 
The biggest
difficulties were
delays caused 
by air freight 
and customs,
especially at 
the end of the
quarter. While
we foresaw
these problems,
they were a bit
worse than we
expected
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Emcore’s quarterly Broadband revenue 
up 68% year-on-year 
CATV manufacturing maintained in Beijing till end-2021 
to hedge COVID-19 risks 



out of Alhambra to further hedge
risk and increase production vol-
umes,” he adds. 
Due to the customs delays as well as

the receipt of materials across three
factories that are now producing
laser modules, inventory levels
increased quarter-over-quarter in
fiscal Q1/2021. However, inventory
should start to come down in the
March quarter. 
For fiscal second-quarter 2021 

(to end-March), Emcore expects
revenue to grow to $34–36m,
driven by stronger-than-normal
performance from CATV and QMEMS
product lines. 
“Our biggest note of caution

remains tied to COVID-19 impact
on our personnel and supply chains
in the US, China and Thailand,”
says Rittichier. 
“The Thai government started to

allow foreign workers back into the
country right at the end of the
December quarter. They have since
tightened entry requirements to
only admit Thai citizens,” notes 
Rittichier. “While our Thai manufac-
turing teams continue to improve
their effectiveness, adding the
highly experienced EA engineers
into the mix would have a positive
impact,” he adds. 
“The strong demand for cable TV

products more than justifies 
parallel operations at both facilities
[Beijing and Bangkok] until the end
of the calendar year and enables us
to better hedge the COVID-19 risks,”
continues Rittichier. “Our customers
expect certainty in their ship date
and multi-facility operations helps
to provide that.” 
“We remain excited and confident

about the growth prospects across

our Aerospace & Defense product
portfolio. On the Broadband side,
we have a strong order book for
our cable TV products through the
September 2021 quarter, with MSOs
favoring proven linear optics to 
provide the network bandwidth that
customers need,” says Rittichier. 
“Charter and Comcast recently

announced earnings and their 
capital plans for the year. Comcast
reported increases in scalable 
infrastructure balanced against
reductions in CPE, while Charter
highlighted the larger amount of
nodes splitting that they’re doing to
meet band-
width
demands.
These state-
ments are
consistent
with our
strong order
book
through the 
September
quarter. The
trend should
continue
through at
least the
December
quarter.
Although the
cyclical
nature of the
cable TV
business
gives us
pause
regarding
the ultimate
duration of
this upgrade
cycle, we

remain confident that we can com-
plete our move to variable cost
manufacturing, while orders are
strong,” says Rittichier. 
“Looking beyond the very near-term

in CATV, we believe that MSOs will
continue to invest in linear optics
technology to meet their needs.
DAA or remote PHY keeps pushing
further out to the right, while our
development work on linear remote
PHY shelf products continues to
gain traction,” he adds. 
“The broadband business unit also

generated some important suc-
cesses outside of cable television.
Most importantly, we’re seeing

growing traction with our LiDAR
and sensing components. On the
LiDAR front, our chip design has
already been qualified for the major
design wins we announced with the
tier-1 manufacturer. Beyond that
we’re about to start sampling a
second-generation package
designed to at least three more
tier-1 automotive subsystem 
manufacturers. Although volume
shipments won’t really occur until
sometime in fiscal year 2022, we’re
excited with the response that we’re
getting from these customers,”
continues Rittichier. “Our China rail
design wins grew strong demand in
the quarter, which should continue
for the foreseeable future.” 
“Outside of sensing, we continue

to rack up design wins in highly 
differentiated chip products, and
expect to see growth materialize
toward the end of calendar year
2021. Taken together, the broad-
band business has many important
growth opportunities outside of
cable television,” Rittichier concludes. 
www.emcore.com

The strong
demand for 
cable TV
products more
than justifies 
parallel
operations at
both facilities
[Beijing and
Bangkok] until
the end of the
calendar year
and enables us to
better hedge the
COVID-19 risks,”
continues
Rittichier. “Our
customers
expect certainty
in their ship date
and multi-facility
operations helps
to provide that.”
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Emcore has closed its underwritten
public offering (announced on 
10 February) of 6,655,093 shares
of its common stock, which
includes the full exercise of the
underwriters’ option to purchase

868,056 additional shares, at a
price of $5.40 per share. All of the
shares in the offering were sold by
Emcore. 
The gross proceeds to Emcore

from the offering (before deducting

the underwriting discounts and
commissions and other offering
expenses) were about $35.9m. 
Cowen acted as book-running

manager and Craig-Hallum as 
co-manager for the offering. 

Emcore closes $35.9m public offering 
Underwriters exercise their option in full 



News: Photovoltaics

semiconductorTODAY Compounds&AdvancedSilicon • Vol. 16 • Issue 1 • February 2021 www.semiconductor-today.com

50

Leeward Renewable Energy Devel-
opment LLC of Dallas, TX, USA has
entered into a purchase and sale
agreement to acquire a utility-scale
solar project platform of about
10GWAC from First Solar Inc of
Tempe, AZ, USA, which makes
thin-film photovoltaic (PV) modules
based on cadmium telluride (CdTe).
The transaction is expected to close
in first-quarter 2021, after obtaining
regulatory approvals and satisfying
customary closing conditions. 
Leeward is a portfolio company of

OMERS Infrastructure, an investment
arm of OMERS, one of Canada’s
largest defined benefit pension
plans (with CDN$109bn in net
assets, as at end-December 2019).
Upon closing of the transaction,
Leeward will acquire the US project
platform, which includes the 
Rabbitbrush, Madison, Oak Trail,
Horizon and Ridgely projects
(which are expected to commence
construction in the next two years)
as well as the 30MWAC Barilla Solar
project (which is operational). 
First Solar will retain 1.1GWAC of
projects in the USA that are
expected to be sold separately. 
Key members of the First Solar

project development team are also
expected to join Leeward. 
Subject to closing of the acquisition,

Leeward will purchase 650MWDC of
First Solar’s Series 6 PV modules
for its additional development
opportunities. The firm’s acquisition
of the project platform also
includes purchase orders for
888MWDC of Series 6 modules for
the five development projects.
Additionally, Leeward’s acquisition
of the project platform will include
242MWDC of Series 4 modules 
safe-harbored under the solar
Investment Tax Credit (ITC) program,
148MWDC of which has previously
been booked. In total, the acquisi-
tion will comprise the acquisition of
projects with module purchase
orders, together with the entry into
additional purchase orders, of
about 1.8GWDC of First Solar PV
modules, of which 744MWDC repre-
sent new bookings as of closing. 
“This acquisition will support our

aggressive growth strategy as a
leading independent power producer
and elevate Leeward’s prominent
position in today’s energy market,”
says Leeward Renewable Energy’s
CEO Jason Allen. “The public recog-

nizes that renewable energy is a
key driver in combating the global
issue of climate change. Solar and
renewable technologies continue to
advance and now provide economi-
cally viable solutions in virtually
every market in the US,” he adds. 
“The sale of the platform is a

result of the strategic review we
announced in 2020,” notes First
Solar’s CEO Mark Widmar. “Enabled
by our Series 6 module’s seamless
compatibility with industry systems
and processes, the sale is part of a
transition that allows us to focus on
doing what we do best, which is
scaling, developing and selling our
world-class module technology.” 
The completion of the transaction

is subject to a number of closing
conditions, including the receipt 
of regulatory approval from the 
US Federal Energy Regulatory
Commission (FERC), the expiration
of the waiting period under the
Hart–Scott–Rodino (HSR) Antitrust
Improvements Act of 1976, and
review by the Committee on 
Foreign Investment in the 
United States (CFIUS). 
www.firstsolar.com 
www.leewardenergy.com 

First Solar to sell US development platform to Leeward 
Leeward to also buy 1.8GWDC of First Solar PV modules 

REGISTER
for Semiconductor Today

free at 
www.semiconductor-today.com



News: Photovoltaics

www.semiconductor-today.com semiconductorTODAY Compounds&AdvancedSilicon • Vol. 16 • Issue 1 • February 2021

51

Midsummer AB of Järfälla, near
Stockholm, Sweden — a provider of
turnkey production lines as well as
flexible, lightweight copper indium
gallium diselenide (CIGS) thin-film
solar panels for building-integrated
photovoltaics (BIPV) — says that,
in the first week of February, it
shipped the first DUO machine for
the Russian market. This is the first
flexible CIGS solar cell manufac-
turing system delivered under the
Midsummer–Rusnano framework
agreement, signed in September
2019. 
Under the agreement, the

Moscow-based Russian govern-
ment-owned technology firm 
Rusnano Group aims to use 
Midsummer’s technology to pro-
mote and develop the manufac-
turing of lightweight flexible CIGS
PV cells and modules to set up 
production and end-user product
development in Russia and in 
other countries of the Eurasian 

Economic Union (Russia, Armenia,
Belarus, Kazakhstan and Kyrgyzstan).
Midsummer will also source panels
for worldwide distribution of panels
manufactured in Russia and the
region. 
“The corona pandemic has made

it impossible to travel to Sweden
from the countries and regions
where our machine customers are
located,” says Midsummer’s 
CEO Sven Lindström. “This has
caused difficulties for us to make

acceptance
tests and install
our already
sold DUO
machines,” 
he adds.
“Thanks to a
new procedure
that makes it
possible to
make final
approvals
through 

video link instead of on location in
Järfälla, we have now been able to
perform the acceptance test and
ship the machine to Russia.” 
The DUO machine will be installed

in a factory in Saransk (about
630km east of Moscow), to be 
run by the Nanotechnology and
Nanomaterials Center of the
Republic of Mordovia and their
partner Solartek, which promotes
solutions for integrated solar roofs. 
www.midsummer.se

Midsummer and Hiansa Panel of
Villafranca de Córdoba, Spain
(which manufactures pre-painted
steel panels for roofs and facades)
have signed a letter of intent to
offer customers in the Spanish
industrial and agricultural sector a
sandwich panel integrated with
Midsummer SLIM solar panels,
making the roof produce energy.
This is Midsummer’s third major
cooperation agreement signed on
the Iberian Peninsula in a short
period of time.
The cooperation between 

Midsummer and Hiansa Panel will
offer the Spanish industrial and
agricultural market a sandwich
panel with an integrated solar
panel. As the Midsummer SLIM
solar panel only adds 3kg/m2, the
solution is suitable for roofs with
weight limitations or where extra
wind load can be dangerous for

the building — factors that often
prevent the installation of conven-
tional solar panels. The solar panel
can be integrated into the sand-
wich panel directly in the factory,
but it can also be mounted after-
wards. 
“Midsummer SLIM, which is 

usually sold integrated in standing
seam metal roofs, is our most
popular product in Sweden. 
It is very exciting to expand its
area of use and integrate it into a
sandwich panel for the industrial
and agricultural sector. It feels
particularly promising to do this in
Spain, which has the strongest
growth in solar energy in Europe,
from 288MW/year 2018 to a 
full 4680MW/year 2019 [according
to the ‘EU Market Outlook 
For Solar Power/2019-2023’],”
says Midsummer’s CEO Sven 
Lindstöm. 

Hiansa Panel is a manufacturer in
pre-painted steel panels for roofs
and facades and offers sandwich
panel products. The firm is active
in Spain, Portugal, Africa and 
Latin America and is part of 
Grupo Hiemesa, a Spanish group
of companies in the steel sector. 
“As the solar energy market in

Spain today is booming, we are
proud to offer a smart solution
with Midsummer’s thin and flexible
solar panel integrated into our
sandwich panel already from the
factory,” says Hiansa Panel’s CEO
José Ramón Piqué. “The combi-
nation of our sandwich panels and
Midsummer’s solar panels means 
a smooth and fast installation for
the customers, making it easy to
produce their own electricity on
the roof.” 
www.hiansa.com 
www.solarpowereurope.org

Midsummer signs another cooperation agreement in Spanish market

Midsummer ships first DUO system to Russia 
First machine delivered under Rusnano agreement 



University of Illinois at Urbana-Champaign in the
USA has realized monolithic indium phosphide
(InP) quantum dots (QDs) on silicon with only

slight photoluminescence (PL) intensity reduction relative
to comparison structures grown on gallium arsenide
(GaAs) [Pankul Dhingra et al, Appl. Phys. Lett., vol117,
p181102, 2020].
Some of the emitted light was in the visible red wave-

length range (625–750nm, full visible range 380–750nm),
raising the hope for efficient emitters on silicon over a
wider wavelength range than previously achieved in
research focused on infrared devices for 1.24–1.55µm
optical communications. The team sees InP QDs as
“promising for micro-scale light-emitting diodes
(micro-LEDs) and lasers”. Further prospects include
integrated optogenetics, biophotonic sensing, and
quantum optics.
The maintenance of PL intensity on silicon was 

attributed to a high dot density relative to the 
threading dislocation density. The growth process also
avoided misfit dislocations, which are commonly seen
in InAs QD structures aimed at optical communications.
The researchers believe that the ability to lattice match
the InGaP quantum well that capped the QDs to the
underlying GaAs allowed misfits to be avoided. 
The team comments: “The lack of misfit dislocations

around the active region may prove beneficial for
improving the performance and reliability of InP 
QD-based emitters, as the climb of misfit dislocations
in InAs QD lasers on silicon during device operation
significantly increases non-radiative recombination and
operating current.” 
The researchers used solid-source molecular beam

epitaxy (MBE) to produce their QD samples (Figure 1).
The substrate was supplied by Germany-based
NaAsPIII-V GmbH, on which the Urbana-Champaign
researchers grew GaAs. The commercial substrate
consisted of GaP/Si with a 4.3µm GaAsyP1–y step-
graded buffer, resulting in a relaxed GaAs cap layer at
room temperature. The GaAs/Si material was cleaved
into smaller pieces for the QD growth. 
The GaAs/Si was loaded into the MBE equipment

alongside comparison pure GaAs pieces. The dot layer
was produced at 480°C with a V/III ratio range of
10–30. A surface dot layer was also grown to provide
easy access for atomic force microscopy (AFM).

The intervening compounds used for the AlGaInP 
barrier, InGaP carrier-blocking layer (CBL), and InGaP
quantum well (QW) layers were designed to be lattice
matched to GaAs, as determined by high-resolution 
x-ray and PL analysis. The barriers and CBLs prevented
carriers from reaching the surface, where non-radiative
recombination can take place, sapping the PL intensity.
The QDs were found to have ~3.7% compressive
strain. This strain is the residue of the mismatch that
drives the Stranski-Krastanov self-assembly into dots.
The QD samples were prepared for PL analysis by

removal of the surface InP QDs and 50nm AlGaInP
before rapid thermal annealing (RTA) at 700–1000°C
for between 1 second to 5 minutes. Just before PL, the
30nm GaAs capping layer, protecting the underlying
aluminium (Al)-containing layers from oxidation, was
also removed. The best RTA conditions for InP QD PL
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Figure 1. InP QDs co-grown on GaAs and GaAs/Si. 

A high dot density reduces the impact of threading dislocations on output.

InP quantum dots on silicon
with high PL intensity



intensity were found to be 750°C for 
5 minutes. Some InGaP QWs grown with-
out QDs were found to perform best when
subjected to 1000°C for 1 second. RTA
drives out point defects from the struc-
ture, increasing PL intensity. 
The PL emission (Figure 2) from the InP

QDs was found to be 0.4eV blue-shifted
relative to bulk InP. The higher energy
bandgap is a result of the carrier quantum
confinement and compressive strain in the
dots. InGaP QW structures suffered a 9x
degradation in PL intensity when grown on
GaAs/Si, compared with pure GaAs sub-
strates. By contrast, the InP QDs suffered
relatively little impact from growth on
GaAs/Si. “Strong non-radiative recombi-
nation at threading dislocations” was
blamed for the reduction in InGaP QWs.
The researchers comment: “The integ-

rated emission intensity of InP QDs on 
silicon was 8x higher than that of InGaP
QWs on silicon, demonstrating the viability
of dislocation-tolerant, visible, phosphide-
based light emitters on silicon.” They add:
“A reduced diffusion length of carriers due to lateral
carrier confinement also makes InP QD active regions
insensitive to dislocations compared to InGaP QW
structures, where carriers freely diffuse to dislocations.
Finally, differences in the energy level and capture
cross section for dislocation-related traps in InP and
InGaP could also partially account for the observed 
discrepancies in dislocation tolerance.”
The PL emission spectra showed ground-state emissions

of 649nm wavelength (1.91eV) and 713nm (1.74eV) for
InGaP QWs and InP QDs
on GaAs, respectively.
The corresponding full-
widths at half-maximum
(FWHMs) were 24meV
and 65meV. The InGaAs
QW spectra also showed
a shoulder around
621nm from the first
excited state. The
shoulder on the InP QD
spectrum was attributed
to a bimodal QD size
distribution. The
researchers comment:
“The comparatively
higher FWHM of InP QDs
can be attributed to
inhomogeneous broad-
ening due to the distri-
bution in QD size.”

The PL from samples on GaAs/Si were slightly red-
shifted relative to pure GaAs, an effect attributed to
tensile strain arising from thermal expansion mismatch
between the GaAs and silicon.  
Transmission electron microscope (TEM) analysis

showed “misfit dislocations around the active region,
an issue commonly observed with InAs DWELLs grown
on silicon,” according to the team. The dot density was
estimated at ~1011/cm2. In the mean, the height and
diameter of individual dots were 2.4nm and 20nm,
respectively, similar to InAs dots capped with InGaAs. 
AFM showed the dot density to be 1.3x1011/cm2, 

consistent with the TEM results. The density was
higher than previous reports, due to “nucleation on an
Al-rich surface at a relatively low growth temperature”,
the researchers say. InP QDs are often grown using
metal-organic vapor phase epitaxy at ~650°C. The
surface QDs were around 2–3x higher than the capped
dots, due to the absence of mass-transport effects 
into the cap layer. The surface QDs showed bimodal
grouping around heights of 4nm and 7nm.
The high dot density is seen as being “essential for

efficient luminescence and defect-tolerance of visible
QD-based emitters on silicon”. The typical InAs QD
density is around 5x1010/cm2. Cathodoluminescence
suggested a threading dislocation density of
3.3x107/cm2, around four orders of magnitude lower
than the InP dot density. ■
https://doi.org/10.1063/5.0030102
https://nasp.de
Author: Mike Cooke

The high dot density is
seen as being essential
for efficient
luminescence and
defect-tolerance of
visible QD-based
emitters on silicon. 
The typical InAs QD
density is around
5x1010/cm2.
Cathodoluminescence
suggested a threading
dislocation density of
3.3x107/cm2, around
four orders of
magnitude lower than
the InP dot density 
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Figure 2. Room-temperature PL spectra of InGaP QW (blue) and
InP QDs (black) grown on GaAs (dashed) and GaAs/Si (solid).
Inset: visible emission observed from InP QDs grown on GaAs/Si.



Hong Kong University of Science and Technology
(HKUST) in China claims the first continuous
wave (CW) C-band (~1580nm wavelength)

quantum dash (QDash) laser diodes on planar silicon
with threshold current densities as low as 1.55kA/cm2

[Wei Luo et al, Photonics Research, vol8, p1888, 2020]. 
The researchers see “great potential as critical compo-

nents in high-volume, low-cost integrated silicon photonics
circuits”. The team also suggest that the QDash format
could be used in semiconductor optical amplifiers,
modulators and photodetectors. Apart from high-speed/
high-capacity data transmission, such devices could be
deployed as light detection & ranging (LiDAR) components.
The use of low-cost silicon in the orientation favored

for CMOS (001) could open up wider deployment, 
particularly with a monolithic growth process that can
avoid the potential for defects from a relatively high 8%
lattice mismatch between silicon and indium phosphide
(InP). The use of quantum dots or dashes mitigates this
to some extent, but further defect reduction is needed
for effective laser or other light-emitting and -detecting
structures. 
The growth was through metal-organic chemical vapor

deposition (MOCVD) on nominal (001) Si. In-house
measurement determined the offcut angle at 0.5°
along the [110] direction. A number of growth steps
were implemented to counteract the various defect
formation mechanisms.
First the silicon substrate was subjected to a 800°C

anneal in hydrogen. According to the team, this helps
to avoid anti-phase boundary formation through 
desorbing oxides and rearranging the surface atoms.
The first buffer layer was 1µm of gallium arsenide

(GaAs), grown as an intermediate layer between the
planar silicon and InP lattices in three temperature
steps: 400°C, 500°C and finally 600°C. The defect
density in this buffer was reduced by using a five-stage
thermal anneal cycling between 330°C and 780°C,
reducing the x-ray diffraction (XRD) rocking curve 
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Figure 1. Schematic sample variations of QDash
structures grown on InP/GoPS with different
structures: Samples A, B and C.

Researchers in Hong Kong have
achieved the first continuous-wave 
C-band quantum dash lasers
fabricated on planar silicon. 

Continuous electrical pumping
in 1580nm-wavelength diodes



full-width at half-maximum (FWHM) from 580arcsec to
380arcsec. The root mean square (RMS) surface rough-
ness of the GaAs on planar Si (GoPS) was 1.1nm in
atomic force microscopic analysis of a 10µmx10µm field.
The 3.1µm InP buffer was grown in three steps also:

445°C, 555°C and 630°C. The InP grown at the 
highest temperature included three 10-period
11.5nm/31nm In0.63Ga0.37As/InP superlattice structures
designed to filter out threading dislocations. The InP
spacers between the superlattices were 250nm thick.
The 2.8nm RMS surface roughness was somewhat larger
than for the GaAs surface. Transmission electron micro-
scope (TEM) analysis of the surface gave an estimate
for the defect density at 3.6x108/cm2 with 0.4x108/cm2

standard deviation. 
Various QDash structures (Figure 1) were grown on

this material. The QDashes themselves were assembled

from an InAs layer on strained InGaAs. A series of 
‘dot-in-well’ (DWELL) QDash layers were grown using
InGaAs and/or InAlGaAs capping in low- and high-
temperature steps.
The QDash DWELLs were sandwiched between 

separate-confinement heterostructures: InAlGaAs
cladding lattice-matched to the InP template. The
30nm InAlGaAs spacer layer was slightly strained,
compensating for the accumulated strain from the
QDashes. A final QDash layer was grown on the surface
to enable easy material analysis.
Three different samples were produced in an effort to

determine the optimum optical confinement from the
cladding, varying the refractive index contrast and
layer thickness. The QDashes were found to be 
elongated along the [1–10] direction. The dot density
was 3.5x1010/cm2. The highest photoluminescence
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Figure 2. (a) Representative current-voltage curves of fabricated devices. (b) Room-temperature 
pulsed lasing light output power-current density (L–I) curves of different size FP lasers on Sample A. 
(c) Room-temperature CW lasing L–I curves on Samples B and C. (d) Pulsed lasing threshold currents of
6µmx1mm lasers on Samples A, B and C at different temperatures.



intensity was from sample B, which used an InGaAs
cap, reducing the energy gap between the well and
QDashes. 
The researchers comment: “The elimination of alu-

minium in the cap layer helps to reduce the impurities,
which accounts for the increased PL intensity in Sample
B. In addition, by changing the low-temperature cap
layer with little composition difference, 
the local strain of QDashes is also modified, which
influences the morphology and emitting wavelength 
of QDashes”. 
The lower aluminium content of the InAlGaAs barriers

in sample B also reduced the bandgap and increased
the refractive index relative to sample C. This should
lead to improved optical confinement, but the reduced
bandgap could risk reduced carrier confinement in the
DWELL layers. 
For electrically pumped lasers the growth sequence

was 600nm n-InP contact, 630nm n-InP cladding,
three-stack QDash active region, 1500nm p-InP cladding
and 140nm p-InGaAs contact. 
The three types of QDash structure were used in

ridge-waveguide laser diodes with a first mesa termi-
nating just above the active region and a second at the
n-InP contact layer. The samples were thinned to
100µm before cleaving into laser bars. The facets were
not coated.

The turn-on voltage in pulsed testing was around
0.7V for all the devices. Laser diodes based on sample
A would not lase in continuous wave (CW) operation.
Again, sample B gave the best performance in terms of
low threshold current, and in terms of operation to the
highest temperature of 90°C. The characteristic tem-
perature (T0), reflecting slower variation in threshold,
was also higher in sample B laser diodes under pulsed
conditions.
The researchers comment: “Compared to the charac-

teristic temperature T0 of QD laser on native InP sub-
strate, the smaller T0 value here may be caused by the
imperfect InP-on-Si buffer quality, which introduces
the non-radiative recombination centers in the active
region.”
A variation of the laser diode structure with the ridge

created in one step down to the n-InP contact enabled
a reduction of the threshold current density to
1.55kA/cm2 in CW operation in a 8µmx1.5mm device.
The single-facet output power was as high as 14mW.
The emission spectrum consisted of multiple peaks,
centered on 1580nm, due to the large size of the 
cavity, supporting a number of Fabry–Perot modes.
The laser continued lasing up to 95°C under pulsed
operation. ■ 

https://doi.org/10.1364/PRJ.403938
Author: Mike Cooke
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Earlier this year, the UV LED businesses 
Sensor Electronics Technology Inc of the USA
and South Korean Seoul Viosys released a 

Violeds UV-C LED system that is reported to kill
99.437% of the SARS-CoV-2 virus in a second. Tests
were conducted by South Korea-based KR Biotech with
SETI and Seoul Viosys stating that the sanitizer device
could be an effective method to disinfect airborne
viruses as well as water systems and rooms housing
Covid-19 patients. But how effective is the technology? 
Photonics innovation services provider PISEO, which

recently published a UV-C LED technical analysis report
‘UV-C LEDs at the time of Covid-19’ and has a heritage
of system design and realization, believes that more
public detail is required before industry players can
truly know. 
PISEO is a partner of market research & strategy 

consulting company Yole Développement. The firms
have joined force to deliver an overview of the 
UV LED industry. With an analysis of the market trends
and technology evolution, Yole’s analysts offer a 
complementary vision of the UV LED industry via the
dedicated report ‘UV LEDs – Market and Technology
Trends’. 

Remarkable growth
The Violeds device comes at a time when the UV-C
LED market is seeing unprecedented growth. The 
pandemic has triggered huge demand for disinfection
systems, boosting momentum in UV-C LEDs. Accord-
ing to Yole’s UV LED report, the market is expected to
more than double, from $144m in 2019 to $308m in
2020, before mushrooming to $2.5bn by 2025. 
The rapid growth follows more than a decade of 

relatively slow market activity. Back in 2008, UV LEDs
were beginning to emerge, with only 10 industry 
players largely focusing on UV-A LEDs for UV curing
applications. 
Over time, visible LED businesses joined the UV LED

market, advancing product development. However,
increased competition — coupled with technology chal-
lenges — saw the UV-C LED segment remain sluggish,
with disinfection product demand being largely met by
the market incumbent UV mercury lamp. Covid-19 is
changing this, says Yole. 
Despite its relatively high cost and low efficiency, the

UV-C LED is now rapidly displacing the market share of
UV mercury lamps for some key reasons. LEDs do not
contain mercury (widely banned in many electrical and

UV LEDs and coronavirus:
how effective are the latest
sanitizer systems? 

Emerging UV lighting applications in the COVID-19 era. 

The UV-C LED market will grow from $308m in 2020 to $2.5bn by 2025, 
reckon PISEO and Yole Développement. 



electronics products), while
switching these devices on
and off does not impact life-
time (as is the case with the
UV lamp).
Importantly, the UV-C LED

market now involves at
least 95 industry players,
including Crystal IS, 
Nitride Semiconductors,
Nichia, Epitop, SemiLEDs,
Seoul Viosys and Sensor
Electronics Technology Inc
(SETI). Some of these busi-
nesses — Nichia is the latest
— have released data that
indicates that UV-C LEDs
can inactivate at least 99%
of the SARS-CoV-2 virus on
a surface, within seconds of
exposure, signalling the
that market is ready for
Covid-19-fuelled growth.
However, the replacement of the mercury lamp with the
UV-C LED into an effective and safe product, as recently
marketed by Seoul Viosys and SETI, is not trivial. 

System design and integration challenges
The design of any UV-C LED disinfection system must
be adapted to the UV-C LED’s specific properties,
including optical emission and thermal management.
Only limited lessons can be learned from the visible

LED industry, as the much lower efficiency of the UV-C
LED impacts thermal integration while UV-C radiation
degrades the materials used in such systems, both of
which will decrease the reliability of the end-product. 
Product design must also take into account safety

issues associated with radiation from UV-C LEDs.
Energy emitted from these components is much higher
intensity than normal sunlight, making UV-C LED disin-
fection systems a hazard to humans if technical safety
standards are not followed. Indeed, the Global Lighting
Association recently published guidance on the safety
requirements of such products following, as it said:
“the proliferation of UV-C disinfecting devices”. 
At the same time, existing regulations only apply to

safety, and have not yet been extended to the disinfec-
tion process of the latest systems. Indeed, no defined
test process yet exists that would allow the performance
of different products to be compared. For example, 
KR Biotech data indicates that the Violeds system can
inactivate 99.457% of the SARS-CoV-2 virus in a second,
but where is the detail on the test procedure or on
influencing factors such as room-size and surface type? 
Still, while the jury may be out on the latest UVC-LED

systems, these early products will create more
momentum in this fast-growing market, reckons the
report. Right now, many industry players are looking
to design and build UV-C LED disinfection systems, 
and the design, integration and test services from a
photonics innovation center such as Piseo can ensure
that the finished product is both effective and safe. ■
www.piseo.fr 
www.yole.fr 
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Designing UV-C LED systems — design example: disinfection cabinet for medical equipment. 

Businesses have
released data that
indicates that UV-C
LEDs can inactivate
at least 99% of the
SARS-CoV-2 virus
on a surface, within
seconds of
exposure, signalling
the that market is
ready for Covid-19-
fuelled growth.
However, the
replacement of the
mercury lamp with
the UV-C LED into an
effective and safe
product is not trivial 



University of California
Santa Barbara (UCSB)
in the USA claims the

highest performance so far
for tunnel-junction micron-
sized blue light-emitting
diodes (TJ µLEDs) grown by
metal-organic chemical vapor
deposition (MOCVD) [Panpan
Li et al 2020 Semicond. Sci.
Technol., vol35, p125023,
2020].
In particular, very low 

forward voltages (Vf) were
achieved by enhancing the
tunneling probability and the
activation efficiency of the 
p-GaN layers by inserting 
an indium gallium nitride
(InGaN) layer into the 
tunnel junction and by using
a selective-area growth
(SAG) process, respectively.
The performance of the TJs is comparable to that from
molecular beam epitaxy (MBE) growth processes, it is
claimed.
The InGaN insertion layer uses a difference in charge

polarization relative to GaN to introduce band-banding
effects that reduce the tunneling distance, hence
increasing the tunneling probability.
The researchers see their work as overcoming size
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Figure 2. Scanning electron microscope images of fabricated 60 µmx60µm (a) InGaN TJ µLEDs and 
(b) SAG InGaN TJ µLEDs.

Figure 1. Schematic structure of InGaN TJ µLEDs.

Researchers say they have solved key challenges with much reduced 
forward voltage.

MOCVD tunnel junctions 
for GaN LEDs 



limitations on TJ µLEDs, enabling low Vf even for larger
µLEDs and for regular-size LEDs. MOCVD is a much
preferred process over MBE in large-scale, high-output
manufacturing contexts. “This work solves the key
challenges of MOCVD-grown TJs,” the team adds.
Tunnel junctions are seen as an alternative to trans-

parent conductive oxides (TCOs) like indium tin oxide
(ITO) for improving current spreading and thus 
emission uniformity and efficiency in GaN-based LEDs.
Unfortunately, up to now the increased Vf penalty has
wiped out any potential benefit in terms of reduced
light absorption.
Further, TJs could provide interconnections between

stacked ‘cascaded LEDs’ of devices with different color
emissions, possibly enabling a reduced complexity
assembly process for blue/green/red LED displays.
Other potential benefits could be seen for producing
edge-emitting laser and vertical-cavity surface-emitting
laser (VCSEL) diodes.

The researchers used commercial blue LED material
on patterned sapphire substrate (PSS) as a template
for the overgrowth of TJ structures. Solvents including
aqua regia were used to clean the surface before the
overgrowth of III–N materials by MOCVD. The layer
structure (Figure 1) consisted of 3nm silicon-doped 
n-In0.15Ga0.85N, 20nm n+-GaN, 350nm n-GaN, and
15nm n-GaN cap. A sample without the InGaN inter-
layer was also produced for comparison. A further 
variation was a structure produced by SAG. 
The material was etched into square micro-LEDs of

varying sizes from 10µm to 100µm sides before rapid
thermal annealing for 30 minutes at 700°C to re-acti-
vate the p-type doping. 
The SAG process involved the creation of silicon dioxide

pillars — these were removed before the re-activation
anneal. The team explains: “The apertures on the 
p-GaN surface by SAG create additional vertical out-
diffusion paths for the hydrogen with a much shorter
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Figure 3. (a)–(c) Current density–Vf curves of µLEDs with sizes from 10µm to 100µm; (d) plot of Vf at
20A/cm2 as a function of size. 
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diffused distance than that to sidewall.” 
Hydrogen is the main factor passivating the magnesium

(Mg) acceptors that provide p-type doping in GaN. 
The researchers explain: “It is well known that decom-
posing the Mg–H complex in the p-GaN by thermal
annealing and removing hydrogen atoms are the key
points to activate the p-GaN.” While the presence of
hydrogen is practically inevitable in processes involving
organic compounds (e.g. MOCVD), MBE has an 
advantage here since recipes can be designed that
avoid the element’s presence.
The LED fabrication involved reactive-ion etch with

silicon tetrachloride to expose the n-GaN contact layer,
ion-beam deposition of an omnidirectional reflector
(ODR) constructed from silicon dioxide and tantalum
pentoxide, sidewall passivation with 25nm silicon dioxide,
and deposition of aluminium/nickel/gold metal contacts.
Finally, the devices were diced, mounted on silver
headers, and encapsulated in silicone.
The SAG and non-SAG devices with 3nm n-InGaN

interlayer in the tunnel junction achieved similar, rea-
sonably uniform light output intensity for devices up to
100µm. The paper does not contain images of the ref-
erence devices without InGaN, but the team reports:
“We notice that the luminous images of the reference
TJ μLEDs were not uniform with a brighter electrical
luminous (EL) intensity at the edge and a darker EL
intensity at the center area.” The researchers ascribe
the improvement with InGaN interlayer to “higher tun-
neling probability at the InGaN TJs”. 
The difference between the InGaN TJ and the SAG

InGaN TJ was revealed in the Vf performance, with the
SAG process resulting in a lower value that is main-
tained up to dimensions of 100µm (Figure 3). A low Vf

means that the input power is lower for a given 
current injection, increasing efficiency.
The Vf at 20A/cm2 injection varied between 4.6V to

3.7V for the reference TJ LEDs without InGaN inter-
layer with sizes from 100µm to 10µm, respectively.
The higher Vf in the larger devices is explained by the
increased difficulty in hydrogen escaping from the 
p-GaN layers during the annealing activation process.
The corresponding voltages for the InGaN TJ devices
were 3.86V and 3.16V. The enhanced tunneling proba-
bility with InGaN interlayer increased the current flow
for a given potential. 
There was a much smaller variation between 3.08V

and 3.25V for the SAG InGaN TJ. The enhanced out-
diffusion of hydrogen through the SAG apertures
explains the improved performance. These values are
0.1–0.2V lower than for SAG TJs produced without
InGaN interlayer reported earlier this year by UCSB. 
The team comments: “We note that the Vf of the

µLEDs with ITO contact from the same epitaxy wafer is
varied from 2.93V to 2.97V and independent on the
sizes.” 
The researchers compared with external quantum

efficiency (EQE) for the InGaN TJ µLEDs with and with-
out SAG enhancement. LEDs with ITO contacts were
also produced on the same wafer. The device dimen-
sions were all 100µm. The EQE at 20A/cm2 was 48%
for the ITO contact and 54% for the SAG InGaN TJ.
The plain InGaN TJ achieved ~50% EQE.
The researchers attribute the increased EQEs to

“improvement of transparency, current spreading, and
light extraction efficiency”. ■
https://doi.org/10.1088/1361-6641/abbd5b
Author: Mike Cooke
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Hong Kong University of Science and Technology
has used a gallium oxynitride (GaON) surface
reinforcement layer (SRL) to boost the gate

voltage window and long-term reliability of p-type gate
GaN-channel power high-electron-mobility transistors
(HEMTs) [Li Zhang et al, IEEE Electron Device Letters,
vol42, issue 1 (January 2021), p22]. The team claims
“the highest maximum gate voltage for a 10-year life-
time”, compared with other reports of p-GaN HEMTs. 
Team leader Kevin J Chen explains: “This main idea of

this work is to reinforce the vulnerable (to hot-electron
bombardment) surface region of the p-GaN layer with
a stronger material, i.e. GaON. It is like replacing a
glass wall with a concrete wall.” 
The surface reinforcement layer  was put at the interface

between Schottky metal and p-GaN in the gate stack
(see Figure 1). A p-GaN gate is used to achieve
enhancement-mode behavior with the device off at 0V
gate potential, i.e. ‘normally off’. This is desired in power
applications for reduced power consumption/waste and
for fail-safe operation. The p-GaN gate structure has
been commercialized due to its “good balance among
performance, reliability, and manufacturability,” the
researchers explain. 
Although a Schottky contact with the p-GaN enables

a lower gate leakage than for devices with an ohmic
contact, the gate potential is then limited to less than
7V, due to time-dependent gate breakdown (TDGB)

behavior. At the same time, the optimum gate potential
for low dynamic on-resistance is in the range 5–6V,
giving a very small operation window. Parasitic induc-
tance can lead to oscillation/ringing effects that
threaten the performance of the device by allowing the
gate potential to wander outside the safe window. 
The TDGB has been blamed on a small number of

‘hot’ electrons from the two-dimensional electron gas
(2DEG) channel spilling over the aluminium gallium
nitride (AlGaN) barrier layer into the p-GaN depletion
region. These electrons are then accelerated in the
electric field under the gate, reaching their highest
kinetic energy at the metal/p-GaN interface region. 
The researchers comment on the effect of the SRL:

“With a wurtzite crystalline structure and a wider
bandgap of ~4.1 eV, GaON tends to exhibit enhanced
covalent bond strength and is expected to present
stronger immunity to the bombardment of hot electrons
generated under forward gate bias. Thus, GaON plays
the role of reinforcing the GaN surface layer against
the possible covalent bond breakage induced by hot
electrons.” 
Chen’s team has previously reported the use of GaON

in metal-insulator-semiconductor field-effect transistors
(MIS-FETs). 
For the p-GaN gate HEMTs, the researchers used 

6-inch GaN on silicon (GaN/Si) wafers designed for 
E-mode p-GaN gate power HEMTs. The layer structure
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Figure 1. (a) Schematic cross section of p-GaN gate HEMT with SRL and (b) energy-band diagram for gate
region at forward gate bias. 

Researchers have introduced a GaON ‘concrete wall’ to block hot-electron damage.

Improving p-GaN gate HEMT
reliability 



was 4.2µm high-resistivity GaN buffer,
420nm GaN channel, 15nm Al0.2Ga0.8N, and
100nm p-GaN cap. The cap layer was doped
with ~3x1019/cm3 magnesium.
The GaON SRL was created using an

inductively coupled oxygen plasma treat-
ment, followed by 30-minute annealing at
800°C in nitrogen. The high temperature is
“crucial to reconstruct the plasma-oxidized
GaN surface and form a crystalline oxidation
layer,” the team reports. Secondary-ion
mass spectrometry (SIMS) showed oxygen
penetration into the p-GaN of around 5nm.
The surface roughness was only slightly

increased by the plasma/annealing needed
for the SRL: 0.44nm, compared with the
initial 0.42nm root-mean-square, according
to atomic force microscopy. 
The p-gate with SRL cap was then formed

by boron trichloride (BCl3) inductively coupled
plasma etch. Passivation was formed by
plasma-enhanced atomic layer deposition
(PEALD) of 4nm AlN, and plasma-enhanced
chemical vapor deposition (PECVD) of 60nm SiNx.
Source/drain contact windows were then opened up for
deposition of annealed titanium/aluminium/nickel/gold
ohmic contacts. 
The device isolation was achieved using multi-energy

fluorine ion implantation. The nickel/gold gate contact
was made after another contact window opening
process. The devices were completed with contact
pads and interconnection to the HEMT contacts.
The HEMT dimensions were 4µm gate length with

2µm contact window, along with 15µm and 2µm
gate–drain/source spacings, respectively. 
The threshold voltage (VTH) for the device was +1.4V

for 0.01mA/mm drain current, the same as for a com-
parison device without the SRL. Both transistors also
exhibited a low 90mV/decade subthreshold swing and a
high on/off current ratio of more than 108. The 11Ω-mm
specific on-resistance (RON) is described as ‘low’. 
In off-state measurements, with the gate and substrate

grounded to the source voltage level, the drain bias
reached 740V before breakdown for 1µA/mm current.
The main leakage source beyond 550V drain bias was
from the substrate. 
The team comments: “These results show that the

deployment of SRL neither significantly modify the 
forward conducting characteristics (e.g. VTH and RON)
nor compromise the reverse blocking capabilities of the
devices.” 
The forward gate breakdown voltage was increased to

12.7V from 10.5V by the SRL insertion, while reducing
the gate leakage by two orders of magnitude. The
team explains this as being due to “reduced effective
acceptor doping concentration and higher Schottky

barrier height (ϕb) between the gate metal/GaON
interface”. 
Using a Fowler–Nordheim tunneling fit to the gate

current–voltage behavior, the researchers estimate ϕb

to be 1.1eV with SRL and 0.6eV without. The higher
barrier reflects the wider ~4.1eV bandgap of GaON,
relative to the 3.4eV for GaN. 
The breakdown voltages increased somewhat at

150°C, to 13.4V with SRL and 11.4V without, an effect
tentatively attributed to “alleviation of hot-electron
bombardment as a result of mitigated electron acceler-
ation process at elevated temperature”. The two orders
of magnitude reduction in gate leakage was maintained
at the higher temperature.
Time-dependent gate breakdown tests were carried

out at a range of biases. The failure was defined as the
“critical point where gate current increases suddenly”.
The SRL enabled an increased estimate of the maximum
gate voltage (VG-max) for a 10-year/1% failure level of
7.8V, compared with 5.9V without SRL. The expanded
gate voltage range for the SRL device is seen as 
providing “appreciable design flexibility for gate driver
circuits”.
The researchers compared their SRL devices with

reports in the literature, showing that their device gives
the highest maximum gate voltage for a 10-year life-
time (Figure 2). The higher gate leakage at the higher
gate stress, according to the team, “provides further
evidence that the p-GaN surface region has been rein-
forced to better sustain the bombardment of highly
energetic carriers by the deployment of GaON SRL.” ■
https://doi.org/10.1109/LED.2020.3037186
Author: Mike Cooke
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Figure 2. Comparison of p-GaN gate HEMTs with SRL (‘this work’)
and other p-GaN gate HEMTs. Blue labels extracted at 25°C,
orange ones at 150°C.
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The last decade has seen electric/hybrid electric
vehicle (EV/HEV) applications driving packaging
innovation in power electronics and creating new

equations to solve for module makers, in particular fur-
ther downsizing, higher power density, higher reliability
and lower cost/higher manufacturability. On top of that,
automotive OEMs are asking for highly standardized
power modules, while most module makers focus on
proprietary module designs through which they can
offer more differentiating added value. In this context,
automotive OEMs and tier-1s will become increasingly
intrusive in the power module area, reckons patent
analysis & technology intelligence firm Knowmade’s new
‘Next-Generation Power Modules Patent Landscape 2021’
report, which spans wide-bandgap (WBG) power modules
and generic/IGBT (insulated-gate bipolar transistor)
power modules addressing critical challenges for the
next generation of power modules (heat dissipation,
thermomechanical issues, management of parasitic
signals, module miniaturization, etc) and, more specifi-
cally, challenges arising from EV/HEV high requirements. 
Furthermore, EV/HEV applications are also pushing

the adoption of new WBG semiconductor technologies,
especially silicon carbide (SiC) metal-oxide-semiconductor
field-effect transistors (MOSFETs) whose commercial
availability has been increasing continuously. However,

to fully benefit from power SiC technology, it is crucial
to enable high-temperature operation (at 200–300°C)
in SiC modules (for example through new packaging
materials) as well as high-speed operation (by mini-
mizing parasitic inductance). 
As a result, the last decade was marked by extensive

innovation in power module design and packaging,
leading to a very high number of patent publications. 
Knowmade has hence selected and analyzed over 7000

inventions filed by more than 300 different organizations.
The report gives a complete analysis of the next-
generation power module competition and technology
developments regarding patents, with a focus on
EV/HEV modules and SiC power modules, which are
driving innovation at the design and packaging levels. 
“IP competition is becoming more global and module

makers have been progressively joined by competitors
from the EV/HEV supply chain,” notes Rémi Comyn PhD,
technology & patent analyst Compound Semiconductors
and Electronics, at Knowmade. Top module makers in
Europe (Infineon, Semikron) and Japan (Mitsubishi
Electric, Fuji Electric, Hitachi) have been very active in
order to maintain their leadership in the power module
patent landscape since 2010. “Interestingly, major for-
eign module makers are increasingly competing with
their counterparts in Europe, by filing more and more

EVs/HEVs drive power-module-
related patent applications  

Figure 1: Main patent assignees and their IP dynamics in the next-generation power module patent landscape. 

Automotive OEMs are becoming more active in power modules, says Knowmade. 
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European patent applications,” adds Comyn. Certain
automotive OEMs (Toyota Motor, Hyundai Motor) and
tiers-1 (Denso, Bosch) are now well-established patent
assignees. In addition, several notable players from the
EV/HEV supply chain have joined the IP competition,
including semiconductor manufacturers (Cree/Wolfspeed),
OEMs (Ford, BYD) and tier-1s (Valeo, Continental, ZF). 
For EVs/HEVs, the difficult challenges have led to several

IP collaborations between module makers/automotive
tier-1s and automotive OEMs (Hyundai Motor/Infineon,
ABB/Audi, Toyota Motor/Denso, Valeo/Siemens, etc. 
In China, major modules makers (CRRC, Macmic, Star-
power) have demonstrated moderate patenting activity
as of 2020, while new IP players have stepped up (CETC). 
The WBG power module patent landscape is dominated

by leading SiC MOSFET IP players. “Numerous IP players
in the power module patent landscape have built up a
significant portfolio of patents related to SiC MOSFET
technologies, especially trench MOSFET technology
(Rohm, Infineon, Fuji Electric, Toyota Motor, etc) tar-
geting automotive applications. Accordingly, they now
develop their own technology for full-SiC power mod-
ules,” notes Comyn. “Most of them already had a foot
in power module technology, except Cree/Wolfspeed,
which started from APEI’s acquisition filing patents
specifically for SiC power modules.” 
Knowmade expects the number of patents for SiC

power modules to continue growing in the next five years,
as development is still on-going for many module makers
(at the die and module levels). According to the present
segmentation, IP players such as Hitachi, Mitsubishi
Electric and Toyota Motor are also developing key tech-
nologies (reduction of stray inductance, silver and 
copper sintering, TLP for die-attach) in order to address

WBG-related challenges. Lately, Knowmade has identi-
fied several newcomers to the WBG power module
patent landscape, including Audi, ON Semiconductor,
Danfoss & Shindengen Electric Manufacturing. 
In the ‘Next-Generation Power Modules Patent Land-

scape 2021’ report, the body of patents is segmented
into the four main challenges that are common to IGBT
modules and SiC modules: parasitics, heat dissipation,
thermomechanical issues and thermal reliability, and
miniaturization. “Overcoming these challenges will be
even more critical for SiC power modules to become main-
stream, since the added value of the technology depends
on their capability to operate at higher switching speed
and higher temperature than IGBT modules,” says Comyn. 
The patents are also segmented by key technologies

that are developed for next-generation power modules,
for example die-attach (copper and silver sintering,
TLP bonding), encapsulation (transfer molding), and
double-sided cooling structure. 
Furthermore, the report includes additional segments

for patents related to intelligent power modules (IPM),
hybrid modules (Si IGBT/SiC diodes or MOSFETs and
GaN/Si cascode) and EV/HEV applications. 
A significant part of the report is dedicated to the 

in-depth analysis of the IP portfolios of 40 leading
players. Knowmade’s IP analysts provide an overview
of the portfolio (IP dynamics, enforceability, protected
countries, technology, technical challenges, applications,
etc), highlight the noteworthy patents relating new
products and technology developments related to
WBG, EV/HEV and related challenges, and review the
very latest patented inventions. ■
www.knowmade.com/downloads/next-generation-
power-modules-patent-landscape-2021 

Figure 2: IP activity of top patent applicants in the next-generation power module patent landscape. 



Purdue University and Sonrisa Research Inc in
the USA report “a dramatic reduction in specific
channel resistance” for a novel vertical power

tri-gate metal-oxide-semiconductor field-effect transis-
tor (MOSFET) in 4H-polytype silicon carbide (SiC) that
incorporates sub-micron FinFET channels [Rahul P.
Ramamurthy et al, IEEE Electron Device Letters, 
vol42, issue 1, p90 (January 2021].
Combined with wafer thinning, the structure could

enable more than a 2x reduction in on-resistance,
“permitting twice as many devices on a wafer and 
dramatically reducing the cost of SiC power MOSFETs
in the 650V regime,” according to the team.
The fin structures increase the effective width of the

current-carrying regions without increasing the device
area. Reducing on-resistance is particularly important

in SiC devices using inversion layer channels, since the
mobility is reduced by a factor of 10 relative to silicon.
The compensating factor for interest in SiC devices is
its higher blocking capabilities, giving higher break-
down voltages as a result of higher critical electric
fields, which is a property it shares with the fellow
wide-bandgap material gallium nitride (GaN).
The researchers, two of whom have since moved on to

Intel Corp and Wolfspeed Inc respectively, particularly
targeted 650V applications, since some two-thirds of
power applications fall within ratings less than 1000V.
The epitaxial wafer used consisted of a 350µm-thick

heavily doped n+ 4H-SiC substrate, a 5.2µm
1.4x1016/cm3 n-type drift layer, and a 1.6µm
1.0x1017/cm3 n-type junction FET layer. Double 
ion implantation with MeV-level acceleration resulted in
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Figure 1. Outline of tri-gate MOSFET fabrication sequence: (a) implant p-base and n+ source regions,
(b) etch trenches, (c) deposit gate oxide and polysilicon gates, (d) pattern polysilicon gates, (e) form ILD,
and (f) clear thin oxide on fins with BHF dip, form ohmic contacts and deposit top metal.

A novel vertical power tri-gate MOSFET reduces on-resistance by 1.78x 
compared with commercial SiC MOSFETs.

Vertical power trigate 
silicon carbide MOSFET 



the formation of 2µm-deep
5µm-wide retrograde 
p-type base regions, in
which 1.3µm-deep 4µm-
wide n+ source regions
were added using a 
self-aligned short-channel
technique. The p-type base
regions were formed in
stripes separated by 4.5µm.
The channel was formed

by etching fins across the
implanted stripes: 0.8µm
deep, 0.5µm wide and
spaced by 0.5µm. The
etched surfaces were
smoothed with hydrogen
plasma etch at 1500°C and
15kPa pressure. 
The gate stack consisted

of low-pressure chemical
vapor deposition (LPCVD)
polysilicon, thermally oxi-
dized at 580°C to create a
47nm insulator layer, and
diffusion-doped polysilicon
forming the gate electrode.
The oxidized polysilicon
insulator was thermally annealed at 1175°C in 
nitric oxide (NO) before the electrode deposition. The
gate electrodes were patterned into 7.5µm-wide
stripes to allow access in the 2µm-wide gaps to the
source regions.
Further thermally oxidized polysilicon was deposited

as a thick interlayer dielectric (ILD). The top of the fins
in the source region were cleared of insulating material
with a buffered hydrofluoric (BHF) acid dip before 
self-aligned nickel contacts were deposited and
annealed. The device was completed with top 
metal layers of titanium and gold.
The resulting device was aimed at 650V blocking,

enabled by floating-field-ring edge terminations.
Avalanche breakdown occurred at 706V, and the 
gate-oxide broke under ~9MV/cm electric field.
The gate threshold was at 0.5V. The subthreshold

behavior is described as “unusual” due to the apparent
presence of unequally performing channels being 
created on opposite sides of the fins. The researchers
suggest that this could be due to shadowing effects 
in the implant process, which could be eliminated 
“by insuring that the base and source implants are 
performed with the wafer in the same orientation with
respect to the ion beam.”
The gate controls the current flow from the source

across the p-type region by creating an inversion layer
there. Once across the p-base, the flow continues

down to and through the drift region to the drain. 
The structure enabled a specific on-resistance at 
18V gate potential of 2.19mΩ-cm2, compared with
4.07mΩ-cm2 for a comparison conventional planar
double-implanted MOSFET (DMOSFET) on the same
wafer.
The team estimates that an industry-standard wafer

thinning process down to 100µm could reduce the new
transistor’s resistance to 1.54mΩ-cm2, compared with
3.42mΩ-cm2 for the conventional DMOSFET. Using 
further extraction techniques, the researchers calculate
a specific on-resistance for the channel of 0.67mΩ-cm2,
compared with 2.38mΩ-cm2 for the DMOSFET.
This work also allowed the inversion electron mobility

to be estimated at 21, 13 and 10cm2/V-s for the 
upper fin surfaces and the trench bottoms and 
sidewalls, respectively. The researchers comment:
“The MOS properties of the etched sidewalls clearly
need to be optimized, and considerable room exists 
for improvement.” 
The team adds: “Looking to the future, we can expect

further performance improvement when the MOS
interface on the trench sidewalls is optimized, since
measured inversion mobility on a- and m-face epilayers
is reported to be ~8x higher than the mobility on the
sidewalls of our etched trenches” ■
https://doi.org/10.1109/LED.2020.3040239
Author: Mike Cooke
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Figure 2. Specific on-resistance of commercial SiC and GaN devices, along with
SiC tri-gate MOSFET and its expected performance enhancement from 100µm
wafer thinning.
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1 Bulk crystal source
materials

Vital Materials Co Ltd (head office)
Floor 49, International
Metropolitan Plaza, 
68 Huacheng Avenue,
Tianhe District,
Guangzhou, Guangdong,
China 510623
Tel: +86 020-83511906  
Fax: +86 020-83511907 
E-mail: Sales@vitalchem.com
www.vitalchem.com
Vital Materials is the world’s leading
producer of rare metals as well as
the first Chinese manufacturer to
deliver G11 rotary ITO target. Vital is
also one of the world’s three major
supplier of infrared materials, a key
supplier of compound semiconductor
substrates, and a strategic partner
of the world’s largest thin film solar
manufacturer.

United Mineral & Chemical Corp 
1100 Valley Brook Avenue, 
Lyndhurst, NJ 07071, USA 
Tel: +1 201 507 3300 
Fax: +1 201 507 1506 
www.umccorp.com 

2 Bulk crystal growth
equipment 

Cyberstar 
109 Rue Hilaire de Chardonnet —
Technisud, 
38100 Grenoble, 
France 
Tel: +33 (0)4 76 49 65 60
E-mail: cyberstar@cyberstar.fr
www.cyberstar.fr

3 Substrates

AXT Inc 
4281 Technology Drive, 
Fremont, 
CA 94538, USA 
Tel: +1 510 438 4700 
Fax: +1 510 683 5901  
www.axt.com 

Crystal IS Inc
70 Cohoes Avenue, 
Green Island, 
NY 12183, 
USA
Tel: +1 518 271 7375
Fax: +1 518 271 7394
www.crystal-is.com

CS Microelectronics Co Ltd 
(Vital Materials 
subsidiary)
Gaofeng Park, 
Wanzhou Economic-
Technological 
Development Area, 
Chongqing, 
China 404040         
Tel: +86 023-58879888
E-mail: csm_sales@vitalchem.com
www.cs-micro.com
Vital Materials is the world’s leading
producer of rare metals as well as
the first Chinese manufacturer to
deliver G11 rotary ITO target. 
Vital is also one of the world’s 
three major supplier of infrared
materials, a key supplier of
compound semiconductor
substrates, and a strategic partner
of the world’s largest thin film solar
manufacturer.

Freiberger Compound Materials 
Am Junger Loewe Schacht 5, 
Freiberg, 09599, 
Germany 
Tel: +49 3731 280 0 
Fax: +49 3731 280 106 
www.fcm-germany.com 
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Kyma Technologies Inc 
8829 Midway West Road, 
Raleigh, NC, USA 
Tel: +1 919 789 8880 
Fax: +1 919 789 8881 
www.kymatech.com

MARUWA CO LTD 
3-83, Minamihonjigahara-cho,
Owariasahi, Aichi 488-0044, Japan
Tel: +81 572 52 2317
www.maruwa-g.com/e/
products/ceramic 

sp3 Diamond Technologies
2220 Martin Avenue, 
Santa Clara, CA 95050, USA 
Tel: +1 877 773 9940
Fax: +1 408 492 0633
www.sp3inc.com 

Sumitomo Electric
Semiconductor Materials Inc 
7230 NW Evergreen Parkway, 
Hillsboro, OR 97124, USA 
Tel: +1 503 693 3100 x207 
Fax: +1 503 693 8275 
www.sesmi.com 

The Fox Group Inc
200 Voyageur Drive, Montreal,
Quebec H9R 6A8, Canada
Tel: +1 925 980 5645
Fax: +1 514 630 0227
www.thefoxgroupinc.com

III/V-Reclaim
Wald 10, 84568 Pleiskirchen, 
Germany 
Tel: +49 8728 911 093
Fax: +49 8728 911 156
www.35reclaim.de

TECDIA Inc
2700 Augustine Drive, Suite 110,
Santa Clara, CA 95054 , USA
Tel: +1 408 748 0100
Fax: +1 408 748 0111
Contact Person: Cathy W. Hung
E-mail: sales@tecdia.com
www.tecdia.com

Wafer Technology Ltd
34 Maryland Road, Tongwell, 
Milton Keynes, Bucks, MK15 8HJ, UK   
Tel: +44 (0)1908 210444
Fax: +44 (0)1908 210443
www.wafertech.co.uk

Wafer Technology 
Ltd is a UK based 
producer of III-V 
materials and 
epitaxy-ready 
substrates 
offering the widest   
product range in the business.  

Wafer World Inc
1100 Technology Place, Suite 104,
West Palm Beach, 
FL 33407, 
USA
Tel: +1-561-842-4441
Fax: +1-561-842-2677
www.waferworld.com

4 Epiwafer foundry 

Albemarle Cambridge Chemical Ltd
Unit 5 Chesterton Mills, 
French’s Road, Cambridge CB4 3NP, 
UK
Tel: +44 (0)1223 352244
Fax: +44 (0)1223 352444
www.camchem.co.uk

Intelligent Epitaxy Technology Inc 
1250 E Collins Blvd, 
Richardson, TX 75081-2401, 
USA
Tel: +1 972 234 0068
Fax: +1 972 234 0069
www.intelliepi.com

IQE 
Cypress Drive, 
St Mellons, 
Cardiff 
CF3 0EG, UK          
Tel: +44 29 2083 9400 
Fax: +44 29 2083 9401 
www.iqep.com 
IQE is a leading global supplier of
advanced epiwafers, with products
covering a diverse range of
applications within the wireless,
optoelectronic, photovoltaic and
electronic markets.

OMMIC 
2, Chemin du Moulin B.P. 11, 
Limeil-Brevannes, 94453, 
France 
Tel: +33 1 45 10 67 31 
Fax: +33 1 45 10 69 53 
www.ommic.fr 

Soitec
Parc Technologique des Fontaines,
Chemin des Franques, 38190
Bernin, France 
Tel: +33 (0)4 76 92 75 000 
www.soitec.com 

The Fox Group Inc
200 Voyageur Drive, Montreal,
Quebec H9R 6A8, Canada
Tel: +1 925 980 5645
Fax: +1 514 630 0227
www.thefoxgroupinc.com

VIGO SYSTEM S.A. 
ul. Poznanska 129 /133, 05-850
Ozarów Mazowiecki, Poland
Tel: +48 22 733 54 10
E-mail: ent@vigo.com.pl 
ent-epitaxy.com  

VIGO System’s Epitaxy Division
produces high-grade III–V
compound semiconductor epitaxial
structures for photonic and
microelectronic devices. With more
than 35 years’ experience, the
division offers a broad range of epi-
wafers, both in large volumes and
small customised batches. It
focuses on innovative products for
wireless, TC, sensing or printing
applications.

5 Deposition
materials 

Materion Advanced Materials
Group
2978 Main Street, 
Buffalo, NY 14214, 
USA
Tel: +1 716 837 1000
Fax: +1 716 833 2926
www.williams-adv.com

Matheson Tri-Gas
6775 Central Avenue, 
Newark, CA 94560, 
USA
Tel: +1 510 793 2559
Fax: +1 510 790 6241
www.mathesontrigas.com
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Nouryon Functional Chemicals B.V. 
Zutphenseweg 10, 7418 AJ
Deventer, 
The Netherlands 
Tel. +31 652 478554 
https://hpmo.nouryon.com  

Praxair Electronics 
542 Route 303, 
Orangeburg, 
NY 10962, 
USA 
Tel: +1 845 398 8242 
Fax: +1 845 398 8304 
www.praxair.com/electronics 

Vital Thin Film Materials
(Guangdong) Co Ltd 
(Vital Materials subsidiary)
18G, 18th Floor, Shenzhen Free
Trade Centre, No.111 Taizi Road,
Nanshan District, 
Shenzhen, Guangdong, China 518067
Tel: (+86) 0755-21651348
sales@vitaltfm.com
www.vitaltfm.com
Vital Materials 
is the world’s 
leading producer 
of rare metals 
as well as the    
first Chinese manufacturer to
deliver G11 rotary ITO target. Vital is
also one of the world’s three major
supplier of infrared materials, a key
supplier of compound semiconductor
substrates, and a strategic partner
of the world’s largest thin film solar
manufacturer.

6 Deposition
equipment 

AIXTRON SE
Dornkaulstr. 2, 
52134 Herzogenrath, 
Germany 
Tel: +49 2407 9030 0 
Fax: +49 2407 9030 40 
www.aixtron.com 

ETC (LPE subsidiary)
Via Falzarego, 820021 Baranzate (Mi), 
Italy
Tel: +39 02 383 41 51
Fax: +39 02 383 06 118
www.lpe-epi.com  

Evatec AG 
Hauptstrasse 1a, 
CH-9477 Trübbach, 
Switzerland 
Tel: +41 81 403 8000
Fax: +41 81 403 8001
www.evatecnet.com 

FHR Anlagenbau Gmbh 
(Vital Materials subsidiary)
Am Hügel 2, D-01458 
Ottendorf-Okrilla,      
Germany
Tel: +49 35205 520-0
E-mail: sales@fhr.de 
E-mail: sales@vitalchem.com
www.fhr.biz
Vital Materials is the world’s leading
producer of rare metals as well as
the first Chinese manufacturer to
deliver G11 rotary ITO target. Vital is
also one of the world’s three major
supplier of infrared materials, a key
supplier of compound semiconductor
substrates, and a strategic partner
of the world’s largest thin film solar
manufacturer.

LPE S.p.A.
Via Falzarego, 8
20021 Baranzate (Mi), Italy
Tel: +39 02 383 41 51
Fax: +39 02 383 06 118
www.lpe-epi.com  

PLANSEE High Performance
Materials
6600 Reutte, 
Austria
Tel: +43 5672 600 2422
info@plansee.com
www.plansee.com

Plasma-Therm LLC
10050 16th Street North, 
St. Petersburg, FL 33716, 
USA 
Tel: +1 727 577 4999 
Fax: +1 727 577 7035 
www.plasmatherm.com 

Riber 
31 rue Casimir Périer, BP 70083,
95873 Bezons Cedex, 
France 
Tel: +33 (0) 1 39 96 65 00
Fax: +33 (0) 1 39 47 45 62
www.riber.com 

SVT Associates Inc
7620 Executive Drive, 
Eden Prairie, MN 55344, USA
Tel: +1 952 934 2100
Fax: +1 952 934 2737
www.svta.com

Temescal, a division of Ferrotec
4569-C Las Positas Rd, 
Livermore, CA 94551, USA  
Tel: +1 925 245 5817 
Fax: +1 925 449-4096
www.temescal.net 

Veeco Instruments Inc 
100 Sunnyside Blvd., 
Woodbury, NY 11797, USA 
Tel: +1 516 677 0200 
Fax: +1 516 714 1231 
www.veeco.com 

7 Wafer processing
materials 

Kayaku Advanced Materials Inc 
200 Flanders Road,  
Westborough, MA 01581, USA 
Tel: +1 617 965 5511 
www.kayakuam.com 

Praxair Electronics 
(see section 5 for full contact details)

Versum Materials 
8555 S. River Parkway, 
Tempe, AZ 85284, USA 
Tel: +1 602 282 1000 
www.versummaterials.com 

8 Wafer processing
equipment 

Evatec AG
Hauptstrasse 1a, CH-9477 Trübbach, 
Switzerland
Tel: +41 81 403 8000
Fax: +41 81 403 8001
www.evatecnet.com 

EV Group
DI Erich Thallner Strasse 1, 
St. Florian/Inn, 4782, 
Austria 
Tel: +43 7712 5311 0 
Fax: +43 7712 5311 4600 
www.EVGroup.com
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EV Group is a technology and
market leader for wafer processing
equipment. Worldwide industry
standards for aligned wafer
bonding, resist processing forthe
MEMS, nano and semiconductor
industry. 

Logitech Ltd
Erskine Ferry Road, 
Old Kilpatrick, near Glasgow G60 5EU, 
Scotland, UK
Tel: +44 (0) 1389 875 444
Fax: +44 (0) 1389 879 042
www.logitech.uk.com

Plasma-Therm LLC
(see section 6 for full contact details)

SAMCO International Inc 
532 Weddell Drive, 
Sunnyvale, CA, 
USA 
Tel: +1 408 734 0459 
Fax: +1 408 734 0961 
www.samcointl.com 

SPTS Technology Ltd 
Ringland Way, 
Newport NP18 2TA, UK 
Tel: +44 (0)1633 414000 
Fax: +44 (0)1633 414141 
www.spts.com 

SUSS MicroTec AG
Schleißheimer Strasse 90, 
85748 Garching, Germany 
Tel: +49 89 32007 0 
Fax: +49 89 32007 162 
www.suss.com

Synova SA
Ch. de la Dent d’Oche, 
1024 Ecublens, Switzerland
Tel +41 21 694 35 00
Fax +41 21 694 35 01
www.synova.ch 

TECDIA Inc
2700 Augustine Drive, Suite 110,
Santa Clara, CA 95054 , USA
Tel: +1-408-748-0100
Fax: +1-408-748-0111
Contact Person: Cathy W. Hung
Email: sales@tecdia.com
www.tecdia.com

Veeco Instruments Inc 
(see section 6 for full contact details)

9 Materials & metals

Goodfellow Cambridge Ltd
Ermine Business Park, 
Huntingdon, 
Cambridgeshire PE29 6WR, 
UK
Tel: +44 (0) 1480 424800
Fax: +44 (0) 1480 424900
www.goodfellow.com

PLANSEE High Performance
Materials
6600 Reutte, Austria
Tel: +43 5672 600 2422
info@plansee.com
www.plansee.com

TECDIA Inc 
2700 Augustine Drive, Suite 110,
Santa Clara, CA 95054, 
USA
Tel: +1 408 748 0100
Fax: +1 408 748 0111
www.tecdia.com 

10 Gas and liquid
handling equipment 

Cambridge Fluid Systems
12 Trafalgar Way, Bar Hill, 
Cambridge CB3 8SQ, 
UK 
Tel: +44 (0)1954 786800 
Fax: +44 (0)1954 786818 
www.cambridge-fluid.com

CS CLEAN SOLUTIONS AG
Fraunhoferstrasse 4, 
Ismaning, 85737, 
Germany 
Tel: +49 89 96 24000 
Fax: +49 89 96 2400122 
www.csclean.com

Entegris Inc 
129 Concord Road, 
Billerica, MA 01821, USA 
Tel: +1 978 436 6500 
Fax: +1 978 436 6735 
www.entegris.com 

IEM Technologies Ltd
Fothergill House, Colley Lane,
Bridgwater, 
Somerset TA6 5JJ, UK

Tel: +44 (0)1278 420555
Fax: +44 (0)1278 420666
www.iemtec.com

Versum Materials 
8555 S. River Parkway,  
Tempe, AZ 85284, 
USA 
Tel: +1 602 282 1000 
www.versummaterials.com 

11 Process monitoring
and control

Conax Technologies 
2300 Walden Avenue, 
Buffalo, NY 14225, 
USA 
Tel: +1 800 223 2389 
Tel: +1 716 684 4500
www.conaxtechnologies.com 

k-Space Associates Inc 
2182 Bishop Circle 
East, Dexter, MI 48130, 
USA 
Tel: +1 734 426 7977 
Fax: +1 734 426 7955
www.k-space.com 

KLA-Tencor 
One Technology Dr, 
1-2221I, Milpitas, CA 95035, 
USA 
Tel: +1 408 875 3000 
Fax: +1 408 875 4144
www.kla-tencor.com 

LayTec AG 
Seesener Str. 
10–13,
10709 Berlin,
Germany       
Tel: +49 30 89 00 55 0 
Fax: +49 30 89 00 180 
www.laytec.de 
LayTec develops and manufactures
optical in-situ and in-line metrology
systems for thin-film processes
with particular focus on compound
semiconductor and photovoltaic
applications. Its know-how is 
based on optical techniques:
reflectometry, emissivity corrected
pyrometry, curvature
measurements and reflectance
anisotropy spectroscopy.
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WEP (Ingenieurbüro Wolff 
für Elektronik- und
Programmentwicklungen) 
Bregstrasse 90, 
D-78120 Furtwangen im
Schwarzwald, Germany
Tel: +49 7723 9197 0 
Fax: +49 7723 9197 22 
www.wepcontrol.com

12 Inspection equipment 

Bruker  
Oestliche Rheinbrueckenstrasse 49, 
Karlsruhe, 76187, Germany 
Tel: +49 (0)721 595 2888 
Fax: +49 (0)721 595 4587 
www.bruker.com 

KLA–Tencor
160 Rio Robles, Suite 103D, 
San Jose, CA 94538-7306, USA
Tel: +1 408 875-3000
Fax: +1 510 456-2498
www.kla-tencor.com

13 Characterization
equipment 

J.A. Woollam Co. Inc. 
645 M Street Suite 102, 
Lincoln, NE 68508, USA 
Tel: +1 402 477 7501 
Fax: +1 402 477 8214 
www.jawoollam.com 

Lake Shore Cryotronics Inc 
575 McCorkle Boulevard, 
Westerville, OH 43082, USA 
Tel: +1 614 891 2244 
Fax: +1 614 818 1600 
www.lakeshore.com 

14 Chip test equipment 

Riff Company Inc
1484 Highland Avenue, Cheshire,
CT 06410, USA
Tel: +1 203-272-4899
Fax: +1 203-250-7389
www.riff-co.com 

Tektronix Inc
14150 SW Karl Braun Drive,
P.O.Box 500, OR 97077, USA 
www.tek.com

15 Assembly/packaging
materials

ePAK International Inc 
4926 Spicewood Springs Road, 
Austin, TX 78759, 
USA 
Tel: +1 512 231 8083 
Fax: +1 512 231 8183 
www.epak.com

Gel-Pak 
31398 Huntwood Avenue, 
Hayward, CA 94544, 
USA 
Tel: +1 510 576 2220
Fax: +1 510 576 2282
www.gelpak.com

Wafer World Inc 
(see section 3 for full contact details)

Materion Advanced Materials
Group
2978 Main Street, 
Buffalo, NY 14214, 
USA
Tel: +1 716 837 1000
Fax: +1 716 833 2926
www.williams-adv.com

16 Assembly/packaging
equipment

CST Global Ltd
4 Stanley Boulevard, 
Hamilton International Technology
Park, 
Blantyre, Glasgow G72 0BN, UK
Tel: +44 (0) 1698 722072
www.cstglobal.uk

Kulicke & Soffa Industries
1005 Virginia Drive, 
Fort Washington, PA 19034, 
USA 
Tel: +1 215 784 6000
Fax: +1 215 784 6001 
www.kns.com

Palomar Technologies Inc 
2728 Loker Avenue West, 
Carlsbad, CA 92010, 
USA 
Tel: +1 760 931 3600 
Fax: +1 760 931 5191 
www.PalomarTechnologies.com

PI (Physik Instrumente) L.P.
16 Albert St . Auburn , 
MA 01501, 
USA
Tel: +1 508-832-3456,
Fax: +1 508-832-0506
www.pi.ws
www.pi-usa.us

TECDIA Inc 
2700 Augustine Drive, Suite 110,
Santa Clara, 
CA 95054, 
USA
Tel: +1 408 748 0100
Fax: +1 408 748 0111
www.tecdia.com 

17 Assembly/packaging
foundry 

Quik-Pak
10987 Via Frontera, 
San Diego, CA 92127, 
USA 
Tel: +1 858 674 4676 
Fax: +1 8586 74 4681 
www.quikicpak.com

18 Chip foundry 

CST Global Ltd
4 Stanley Boulevard, Hamilton
International Technology Park,
Blantyre, 
Glasgow, G72 0BN, 
UK
Tel: +44 (0) 1698 722072
www.cstglobal.uk

United Monolithic Semiconductors 
Route departementale 128, 
BP46, Orsay, 91401, 
France 
Tel: +33 1 69 33 04 72 
Fax: +33 169 33 02 92 
www.ums-gaas.com

19 Facility equipment 

RENA Technologies NA
3838 Western Way NE, 
Albany, OR 97321, 
USA 
Tel: +1 541 917 3626
www.rena-na.com 



20 Facility consumables

PLANSEE High Performance
Materials
6600 Reutte, 
Austria
Tel: +43 5672 600 2422
info@plansee.com
www.plansee.com

W.L. Gore & Associates
401 Airport Rd, Elkton, 
MD 21921-4236, 
USA 
Tel: +1 410 392 4440
Fax: +1 410 506 8749
www.gore.com 

21 Computer hardware
& software 

Crosslight Software Inc
121-3989 Henning Dr., 
Burnaby, BC, V5C 6P8, 
Canada 
Tel: +1 604 320 1704
Fax: +1 604 320 1734
www.crosslight.com

Semiconductor Technology
Research Inc
10404 Patterson Ave., 
Suite 108, Richmond, VA 23238, 
USA
Tel: +1 804 740 8314
Fax: +1 804 740 3814
www.semitech.us

22 Used equipment 

Brumley South Inc
422 North Broad Street,
Mooresville, NC 28115, USA
Tel: +1 704 664 9251
Email: sales@brumleysouth.com
www.brumleysouth.com 
As an ISO 9001 
registered global 
leader in the 
remanufacturing 
of wafer inspection 
systems, Brumley 
South Inc specializes in designing,
installing and supporting upgrades
for ADE, Nanometrics, Dryden and
KLA-Tencor Surfscan tools,
polysterene latex sphere calibration
standards, particle deposition systems,
and semiconductor parts and service. 

Class One Equipment Inc 
5302 Snapfinger Woods Drive, 
Decatur, GA 30035, USA 
Tel: +1 770 808 8708
Fax: +1 770 808 8308
www.ClassOneEquipment.com

23 Services 

Riff Company Inc
1484 Highland Avenue, 
Cheshire, CT 06410, USA
Tel: +1 203-272-4899
Fax: +1 203-250-7389
www.riff-co.com

TECDIA Inc
2700 Augustine Drive, Suite 110,
Santa Clara,
CA 95054 , 
USA
Tel: +1-408-748-0100
Fax: +1-408-748-0111
Contact Person: Cathy W. Hung
www.tecdia.com

24 Resources 

Al Shultz Advertising 
Marketing for Advanced
Technology Companies 
1346 The Alameda, 
7140 San Jose, 
CA 95126, USA 
Tel: +1 408 289 9555 
www.alshuktz.com 

SEMI Global Headquarters
San Jose, CA 95134, 
USA
Tel: +1 408 943 6900
www.semi.org

Yole Développement 
69006 Lyon, France 
Tel: +33 472 83 01 86
www.yole.fr 

SEMI Global Headquarters
3081 Zanker Road, 
San Jose, 
CA 95134, USA
Tel: +1 408 943 6900
www.semi.org
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17–19 March 2021 
LASER World of PHOTONICS CHINA 2021 
Shanghai, China 
E-mail: info@world-of-photonics-china.com 
www.world-of-photonics-china.com/en 

21–24 March 2021 
2021 IEEE International Reliability Physics
Symposium (IRPS) 
— now a virtual, online conference
E-mail: IRPSreg@ieee.org 
www.irps.org 

25–27 March 2021 
International Conference on 
Nano Research and Development 
(ICNRD-2021) 
— Breakthrough and Innovation in Nano
Science and Technology 
Grand Copthorne Waterfront Hotel, 
Singapore 
E-mail: laura@icnrd.com 
www.istci.org/icnrd2021 

15–16 April 2021
EPIC Annual General Meeting 2021 
Radisson Blu Hotel Lietuva, 
Vilnius, Lithuania
E-mail: neringa.norbutaite@epic-assoc.com
www.epic-assoc.com/
epic-annual-general-meeting-2020

19–20 April 2021 
(postponed from 26–29 April 2020) 
2nd International Conference on UV LED
Technologies & Applications (ICULTA 2021) 
— now a virtual, online event 
E-mail: contact@iculta.com 
www.ICULTA.com

20–22 April 2021 
(postponed from 21–23 April 2020) 
24th Annual Components for Military &
Space Electronics Conference & Exhibition
(CMSE 2021) 
— now a virtual, online event
E-mail: info@tjgreenllc.com 
www.tjgreenllc.com/cmse

9–14 May 2021 
2021 Conference on Lasers & Electro-Optics
(CLEO) — now a virtual, online event
San Jose Convention Center, 
San Jose, CA, USA 
E-mail: CLEO@compusystems.com 
www.cleoconference.org 

11–14 May 2021 
10th World Congress of Nano S&T 2021 
Venetian Macao Resort Hotel, 
Macao, China  
E-mail: esther@bitcongress.com 
www.bitcongress.com/nano2021-macao  
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6–10 June 2021 
(postponed from 28 March –1 April 2021) 
OFC 2021: Optical Networking and
Communication Conference & Exhibition 
Moscone Center, San Francisco, CA, USA 
E-mail: OFC@csreg.zohodesk.com 
www.ofcconference.org 

9–13 June 2021 
(postponed from 21–25 June 2020) 
IEEE Applied Power Electronics Conference
and Exposition (APEC 2021) 
Phoenix, AZ USA
E-mail: registration@apec-conf.org 
www.apec-conf.org 

20–24 June 2021 
International Congress on Photonics in Europe
— co-located with LASER World of PHOTONICS 
ICM (Internationales Congress Center München), Germany 
E-mail: info@photonics-congress.com 
www.photonics-congress.com/en 

21–24 June 2021 
LASER World of PHOTONICS 2021 
Messe München, Munich, Germany 
E-mail: info@world-of-photonics.com 
www.world-of-photonics.com/en 

22–24 June 2021 (postponed from 9–11 Feb 2021)
Strategies in Light 2021 
Santa Clara Convention Center, Santa Clara, CA, USA 
E-mail: registration@endeavorb2b.com 
www.strategiesinlight.com  

4–9 July 2021 (postponed from 14–19 June 2020)
ICMOVPE XX: 20th International Conference
on Metal Organic Vapor Phase Epitaxy 
Stuttgart, Germany 
E-mail: info@icmovpexx.eu 
www.icmovpexx.eu 

22–25 July 2021 (postponed from 22–25 July 2020
and 12–15 March 2021) 
International Congress on Advanced
Materials Sciences & Engineering (AMSE) 
Vienna, Austria 
E-mail: eve@istci.org
www.istci.org/amse2021 

1–5 August 2021 
SPIE Optics + Photonics 2021 
— Conference and Exhibition 
San Diego Convention Center, San Diego, CA, USA 
E-mail: customerservice@spie.org 
www.spie.org/opstm 

1–3 September 2021 
CIOE 2021 (23rd China International
Optoelectronic Exposition) 
Shenzhen World Exhibition & Convention Centre, China 
E-mail: cioe@cioe.cn 
www.cioe.cn/en 

12–17 September 2021 (postponed to 2022) 
19th International Conference on 
Silicon Carbide and Related Materials
(ICSCRM 2021-2022) 
Davos, Switzerland 
E-mail: info@icscrm2021.org 
www.icscrm2021.org 

13–15 September 2021 
ECOC 2021 (47th European Conference on
Optical Communication) 
Bordeaux Exhibition Centre, Bordeaux, France 
E-mail: sales@ecocexhibition.com 
www.ecocexhibition.com/ecoc-exhibition-2021 

22–24 September 2021 
LASER World of PHOTONICS INDIA 2021 
Bengaluru, India 
E-mail: info@world-of-photonics-india.com 
www.world-of-photonics-india.com 

10–14 October 2021 
27th International Semiconductor Laser
Conference (ISLC 2021) 
Potsdam, Germany 
E-mail: islc@fbh-berlin.de 
www.islc2021.org 

10–15 October 2021 
24th European Microwave Week (EuMW 2021) 
ExCel, London, UK 
E-mail: eumwreg@itnint.com 
www.eumweek.com 

24–28 October 2021 
(postponed from 13–17 September 2020) 
13th European Conference on Silicon
Carbide and Related Materials 
(ECSCRM 2020-2021) 
Vinci International Convention Centre, Tours, France 
E-mail: ecscrm-2020@univ-tours.fr 
www.ecscrm-2020.com 

7–9 November 2021 
8th IEEE Workshop on Wide Bandgap Power
Devices & Applications (WiPDA 2021) 
Crowne Plaza Redondo Beach and Marina, Redondo
Beach, CA, USA 
www.wipda.org

Event Calendar 

www.semiconductor-today.com semiconductorTODAY Compounds&AdvancedSilicon • Vol. 16 • Issue 1 • February 2021

77



www.semiconductor-today.com

Choose Semiconductor Today for . . .

MAGAZINE

Accurate and timely coverage of the compound semiconductor
and advanced silicon industries

Published 10 times a year and delivered by e-mail and RSS feeds 

Targeted 82,000+ international circulation

WEB SITE

Average of over 26,000 unique visitors to the site each month

Google-listed news source

Daily news updates and regular feature articles

E-BRIEF

Weekly round-up of key business and technical news

E-mail delivery to entire circulation

Banner and text marketing opportunities available

semiconductorTODAY
C O M P O U N D S & A D V A N C E D S I L I C O N
Vol.7 • Issue 2 • March/April 2012 www.semiconductor-today.com

Graphensic spun off •Emcore sells VCSEL range to Sumitomo 
Masimo buys Spire Semiconductor•Oclaro and Opnext merge

ISSN 1752-2935 (online)

Efficiency droop in 
nitride & phosphide LEDs
First single-crystal 
gallium oxide FET 

Efficiency droop in 
nitride & phosphide LEDs
First single-crystal 
gallium oxide FET 

Follow us on Twitter: Semiconductor_T

Join our LinkedIn group: Semiconductor Today


	000 SemiconductorToday_Ad_February-cropped(PS).pdf
	001.pdf
	002 WLO_19_04_SemiconductorToday_PageZero_EN_cropped.pdf
	003.pdf
	004.pdf
	005 IQE_THE GLOBAL LEADER IN EPIWAFER SUPPLY_A4 ad_FEB 2021_FINAL-crop.pdf
	006-022.pdf
	023 Fuji 2018(id)1.pdf
	024-026.pdf
	027 Mettler AD_2850Si_SemiToday_213x282mm_PRESS(cropped).pdf
	028-030.pdf
	031 3.7 Rainbow Semiconductor Today General.pdf
	032-036.pdf
	037 AES-SemiGas-HighStakesAd-FullPage-crop.pdf
	038-040.pdf
	041 EVA_SemiToday_FP_June 2020(cropped).pdf
	042-044.pdf
	045 vigo_213x282mm_3mm_light_web.pdf
	046-051.pdf
	052-053.pdf
	054-056.pdf
	057 ST-magazine-banner-full page.pdf
	058-059.pdf
	060-062.pdf
	063 ST-magazine-banner-full page.pdf
	064-065.pdf
	066-067.pdf
	068-069.pdf
	070-075.pdf
	076-077.pdf
	078 ST-magazine-banner-full page.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


