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Cryogenic aerosol cleaning is well-equipped 
to deliver 99% or better removal of the larger, 
probe-related defects associated with in-line 
electrical testing. Source: FSI International.
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WAFER CLEANING | Defect removal using dry cryogenic aerosols
Th e high particle removal effi  ciency of cryogenic aerosol cleans can provide yield 
advantages in the BEOL after in-line testing, without altering substrate properties.
Jeff ery W. Butterbaugh, FSI International, Chaska, MN

ETCH | Plasma etch challenges for FinFET transistors 
New constraints and challenges associated with FinFET manufacturing are reviewed from 
the etch point of view. Keren J. Kanarik, Gowri Kamarthy, and Richard A. Gottscho, Lam 
Research Corp., Fremont, CA.

ETCH | The effect of pumping  methods 
on wet etching processes
Th e eff ect of pumping methods on the etching of PE-TEOS wafers was investigated. 
Jung-Soo Lim, R. Prasanna Venkatesh, and Jin-Goo Park, Dept. of Materials Engineering, 
Hanyang University, Ansan, 426-791, Korea

LED PACKAGING | Low cost AlN substrate  technology 
for HBLED and power semiconductors
A technology has been developed that allows AlN to be sintered at lower temperatures. 
Th is allows the material to be sintered and fl at fi red in a continuous furnace very similar to 
furnaces used for alumina. Jonathan Harris, CMC Laboratories, Tempe, AZ.

450mm | The move to 450mm: Europe’s perspective
Th e European Equipment and Materials 450mm Initiative (EEMI450) provides Europe’s 
perspective on the transition to 450mm wafers in this excerpt.

2 Web Exclusives

6 News

32 Ad Index 

4 Editorial | Th e internet of things, Pete Singer, Editor-in-Chief

10 LEDs | Driving down HB-LED package costs, Griff  Resor, Resor Associates 

11 Packaging | Interposer ecosystem examined, Dr. Phil Garrou, 
Contributing Editor

33  Industry Forum | Advanced packaging in the new decade, 
E. Jan Vardaman, TechSearch International

D
C

q
q
M

M
q

q
M

M
qM

Qmags
®THE WORLD’S NEWSSTAND

D
C

q
q
M

M
q

q
M

M
qM

Qmags
®THE WORLD’S NEWSSTAND

Previous Page | Contents  | Zoom in | Zoom out |    Refer a Friend | Search Issue | Next Page

Previous Page | Contents  | Zoom in | Zoom out |    Refer a Friend | Search Issue | Next Page

http://www.solid-state.com
http://www.solid-state.com
http://www.qmags.com/SST/Referrals/refer_a_friend.asp
http://www.qmags.com
http://www.qmags.com
http://www.qmags.com/SST/Referrals/refer_a_friend.asp
http://www.solid-state.com


Web Exclusives nb&
news and blogs

online@ www.solid-state.com

 2 APRIL 2012  SOLID STATE TECHNOLOGY www.solid-state.com

2012 capex up on  stronger 
28nm demand
Semiconductor foundries are already considering raising their 
2012 capital expenditure budgets, says Terence Whalen, Semi-
conductor Equipment analyst for North America at Citi. Th e 
wafer foundry ramp up shows no signs of ending, with TSMC 
and Samsung likely to raise capex in 2012 to accommodate 
28nm demand. Coupled with improving gross domestic product 
(GDP) and Purchasing Managers Index (PMI) that could increase 
overall IC demand in 2H, wafer fab equipment orders could grow 
5-10% in 2012. http://bit.ly/GAWeTP

ISSCC: a memory analyst’s view
Th e International Solid State Circuits Conference 
(ISSCC) took place in San Francisco the week of Feb-
ruary 20. From a memory perspective, this show 
contained some highly interesting presentations. 
Jim Handy, an analyst at Objective Analysis, reports 
that both Toshiba and SanDisk presented papers 
on the two companies’ 128Gb NAND chip that uses three-bit cells 
and a 19nm process to achieve the smallest die size (170.6 mm²) 
for a chip of this density. Th is device uses some exotic techniques, 
like air gaps to lower the bitline RC time constant, and an internal 
temperature sensor, both of which help to keep the speed similar to 
devices processed on less aggressive geometries. http://bit.ly/z57xr7

High volume 200 mm 
fab reduces costs 
In this case study, a fab implemented a wafer-like, wireless air-
borne particle sensor as an alternative wafer monitoring meth-
odology.  Compared to the fab’s previous 
monitoring method, the wireless airborne 
particle sensor more quickly measured com-
binations of potential particle source ele-
ments to determine the presence of particle 
sources and counts. http://bit.ly/GJFr17

GloFo’s FinFETS are 
better than Intel’s!
Th is confi dent statement 
came from Subramani (Subi) 
Kengeri of GLOBALFOUND-
RIES (GloFo) during the panel 
session in the GloFo/IBM/
Samsung Common Platform 
Technology Forum (CPTF), 
held on March 14th in the 
Santa Clara Convention Center, 
reports blogger Dick James of 
Chipworks.

Towards the end of the panel 
discussions, the host, Jaga 
Jagannathan of IBM, asked 
Subi “How do you stack up 
against Intel,  especially in the 
SoC/smartphone space?” Th is 
clearly took Subi by surprise, 
but after some preamble, he fo-
cused on FinFET development, 
which AMD, then GloFo, have 
been working on for the last 
ten years.  In conjunction with 
customer input, they have been 
focusing their fi nFET eff orts 
to optimize the 14 nm) process 

for mobile 
SoCs. He said 
that this was 
what would 
diff erentiate 
them from 
Intel, and in 

that space. “We believe we have 
a much better fi nFET that is 
optimized for mobile SoCs,” he 
said. http://bit.ly/GzUJHM
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    ONE EVENT

“In this market it’s critical to be aligned with the 
industry leaders and Th e ConFab provides the 
unique opportunity to meet them face-to-face 

and discuss the critical issues.”      
–Pall Microelectronics

“Th e one-on-one meetings are great. We plan, 
prepare and meet with industry leaders from 
various segments and in just a few short days, 

we cover the globe.” 
–Novellus
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Contact Sabrina Straub, Sales Manager,

at 603-891-9213 or email: sabrinas@pennwell.com.

Not a supplier? If you are a senior-level decision maker 

from a semiconductor manufacturing or fabless company, 

you may qualify to attend The ConFab as our complimentary 

VIP guest. Contact Luba Hrynyk at lubah@pennwell.com 

for your invitation to attend this conference and 

high-level networking event.

Flagship Media Sponsors:  Own Owned and Produced by:

LAST CALL 

FOR SPONSORS!

Hurry, Sponsorships 

and Meeting Rooms

are Limited.

D
C

q
q
M

M
q

q
M

M
qM

Qmags
®THE WORLD’S NEWSSTAND

D
C

q
q
M

M
q

q
M

M
qM

Qmags
®THE WORLD’S NEWSSTAND

Previous Page | Contents  | Zoom in | Zoom out |    Refer a Friend | Search Issue | Next Page

Previous Page | Contents  | Zoom in | Zoom out |    Refer a Friend | Search Issue | Next Page

http://www.theconfab.com
http://www.solid-state.com
http://www.qmags.com/SST/Referrals/refer_a_friend.asp
http://www.qmags.com
http://www.qmags.com
http://www.qmags.com/SST/Referrals/refer_a_friend.asp
http://www.solid-state.com


 4 APRIL 2012  SOLID STATE TECHNOLOGY www.solid-state.com
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Th e future of electronics is increasingly being shaped 
by two major trends: mobile computing and the 

“internet of things.” Th e pervasiveness of mobile is 
fairly obvious, with 1.2 billion units expected to ship 
in 2014. Th e internet of things is less obvious, but 
slowly becoming a reality. Th e idea is that all objects 
in our environment will be equipped with sensors 
and identifying devices and connected to the internet.  
And I’m talking about everything, from buildings to 
freeways to food containers to medicine. 

With the internet of things, companies would not 
run out of stock, as involved parties would know which 
products are required and consumed. Mislaid and 
stolen items would be easily tracked and located, as 
would the people who use them. 

At the recent Common Platform Technology Forum 
-- produced by Global Foundries, Samsung and IBM 
-- Simon Segars, executive vice president and general 
manager of the physical IP division at ARM, spoke 
about the impact on the way electronics are designed. 

“Microcontrollers and sensors are getting embedded 

into pretty much everything we interact with,” he 
said. “You’re going to need very small and very power-
effi  cient technology, and a power-effi  cient wireless 
network to pull it all together. ”

Segars said changes in computing requirements will 
create a demand for smaller, dedicated technologies.  

“It’s the case in pretty much any form of electronics, if 
you know what you’re doing, dedicated hardware is the 
best way of saving power. Th is is why you have a video 
engine and a graphics engine in your phone -- because 
it’s very expensive to do it on a general purpose 
computer. Th e same holds true for servers,” he said. 

Rather than get “fi xated” by the apps processor, 
Segars said it’s important to pay attention to the other 
chips required, such as smaller control chips used to 
manage battery power or the touch screen. “Th ese 
aren’t necessarily manufactured on the most leading 
edge digital process,” he said. “Th ese are using older, 
more mature processes which can drive higher voltages. 
Th ere’s a need for continual evolution on that kind of 
process technology, because it’s going to be required for 
a long time.” Th e big boys will have their $7.5 billion 
fabs, but let’s not forget about the importance in 
investing in the rest of the supply chain. 

“Dedicated hardware is the 
best way of saving power.”

The internet of things
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news
worldnews

Please send news articles to 

peters@pennwell.com

WORLD | Worldwide semiconduc-

tor revenue is projected to total 

$316 billion in 2012, a 4% increase 

from 2011, according to Gartner Inc. 

This outlook is up from Gartner’s 

previous forecast, made in Q4 2011, 

for 2.2% growth.

WORLD | Semiconductor fab 

equipment spending will remain 

fl at in 2012, shows SEMI’s World 

Fab Forecast report. But look for a 

record spend from semiconduc-

tor makers in 2013, jumping from 

$38.85 billion spent in 2012 to $45 

billion in 2013.

ASIA | AMEC installed a second-

generation dielectric etch tool, the 

Primo AD-RIE, at Chinese foundry 

SMIC. It is the fi rst time AMEC 

has installed the Primo AD-RIE in 

China.

ASIA | The formal announcement 

of China’s light emitting diode (LED) 

subsidy program may drive tool uti-

lization expansions for LED chip 

makers.

EUROPE  | Novaled AG fi led a reg-

istration statement with the US SEC 

for a proposed initial public offer-

ing. Novaled makes technologies 

and materials for organic electron-

ics, particularly OLEDs.

WORLD | Tokyo Electron Ltd. (TEL) 

will join research organization CEA-

Leti’s IMAGINE open, collaborative 

industrial program on advanced 

lithography for semiconductor 

manufacturing.

USA | Tabula is implementing a 

family of 3PLD products manufac-

tured by Intel using its advanced 

22nm 3D trigate process and co-

optimized packaging technology.

The 2012 Common Platform 

Technology Forum took place 

March 14 at the Santa Clara 

Convention Center, with regis-

tration topping 1200 attend-

ees by noon. The Common 

Platform is a Samsung /IBM/

GlobalFoundries foundry services 

entity created to provide a 

common design space with an 

assured production capability.

The meeting kicked off with 

Ana Hunter, Samsung’s foundry 

business VP. The Common 

Platform had its roots in 65nm, 

and is presently working with 

20nm gate-last and 14nm FinFET. 

Pre-revenue investment in the 

20nm to 14nm range approaches 

$10B, with $1-2B in process devel-

opment, $250M in IP & design 

libraries, $100M in chip design 

and $7B in fab construction.

Gary Patton, VP of SRDC at 

IBM, gave the fi rst keynote with 

prognostication on the kind of 

technology development that is 

in the pipeline beyond traditional 

CMOS scaling. We are presently in 

the 3D decade, both in terms of 3D 

transistor design and 3D packag-

ing integration. Next will be the 

decade of nanotechnology materi-

als, in which the critical device 

dimensions do not depend on 

photolithography. 

Long-term R&D for this coming 

decade is already underway, as 

an extremely long lead time is 

required for commercialization to 

manufacturing. In 2011 IBM broke 

its own US patent record with 

6,000 fi lings, a position it has held 

for 19 straight years. He hopes 

EUV will be ready for 10nm, “but 

we have a dual path.” At 10nm, 

EUV will provide a bump in k1 

factor from 0.15 to 0.55, better that 

we enjoyed at 90nm. The scanner 

still needs a 10x improvement in 

light power, but additional work 

is needed in photoresist materials 

and mask fabrication and inspec-

tion technology. A new EUV Center 

of Excellence at Albany CNSE is 

expected to be operational later 

this year. 

Below 80nm, resist devel-

opment is focusing on directed 

self-assembly (DSA) of block 

copolymers. Presently, the 

22/20nm work is being done in 

East Fishkill; 14/10nm at Albany; 

and 7nm & beyond at Yorktown 

Research. Fully depleted device 

structures are the recurring theme 

going forward. CNT devices 

provide advantages over FinFETs 

in terms an order of magnitude 

reduction in power consumption 

at the same operating frequency, 

or an order of magnitude increase 

in frequency at the same power. 

With these innovations in design 

constructs and materials, Patton 

Common Technology Platform 
Forum looks to the future

Continued on page 8
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The new Apple iPad, generation 3, uses a 2048 × 1536, 264 ppi 

retina display, quadrupling the pixels of the previous genera-

tion. However, Apple may be losing its cutting-edge status when 

it comes to gesture recognition beyond touchscreens. 

Apple’s higher-resolution iPad display relies on super high aperture (SHA) 

pixel designs — a method of increasing aperture ratio by applying approxi-

mately a 3μm thick photo-defi nable acrylic resin layer to planarize the device 

and increase the vertical gap between the indium tin oxide (ITO) pixel electrodes 

and signal lines. This reduces unwanted capacitive coupling and enables the 

electrode to be extended over the gate and data lines without causing cross talk 

or affecting image quality, explains NPD DisplaySearch. More than 25% of LCDs 

adopt SHA technology and that is likely to continue to grow in the future.

The iSuppli Displays Materials & Systems Service believes Apple likely 

has qualifi ed three sources for the display in the new iPad: Samsung, LG 

Display (LGD), and Sharp, with volume shipments likely only from Samsung in 

the near term. Although they are currently shipping displays in small quanti-

ties, LGD and Sharp are expected to ramp up volume production of new iPad 

displays in April. SHA technology was pioneered by Sharp and JSR many 

years ago, NPD DisplaySearch notes. IHS predicts that Apple is likely to begin 

shipping new iPads with displays from these suppliers in Q2 2012.

Sharp is working with a new indium gallium zinc oxide (IGZO) technol-

ogy that enables higher resolutions. The company now is working to ramp 

up the production of IGZO thin-fi lm transistor (TFT) panels at its Gen 8 fab in 

Kameyama, Japan, but manufacturing problems could affect both the avail-

ability of displays for a full rollout of the new iPad, 

Inside Apple’s new iPad 
display technology 

Continued on page 9

Conventional to SHA Pixel Design Comparison. Source: DisplaySearch TFT LCD 
Process Roadmap Report. Note: Image refers to VA type SHA pixel.
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newscont.

noted that the transistors are still much more amena-

ble to scaling than interconnects, in which RC perfor-

mance and structural reliability in both the conductors 

and the insulators doth protest mightily with scaling. 

Photonic interconnects on chip continues to be an area 

of intense development, moving now from fundamen-

tal unit performance demonstrations to system integra-

tion. The packaging concepts that he reviewed, while 

challenging, were consistent with advanced packag-

ing concepts that have been progressing over the past 

fi ve years. TSV is currently in volume manufacturing for 

power system chips. For stacking large DRAM chips on 

top of high performance MPU, 

he expects TSV to be in produc-

tion within 2 years.

Subi Kengeri, head of the 

advanced architecture devel-

opment group, fi lled in for 

GlobalFoundries CTO Gregg 

Bartlett to discuss the conver-

gence of consumer mobil-

ity applications enabled by 

semiconductor technology 

advances. Foundries are a 

300mm leading edge business growing at 15% CAGR. 

Since 90nm, the time between design start and tape 

out has been extending as design complexity increases. 

Design cost has been increasing at a 25% CAGR, whereas 

fab cost has been increasing at 18%, albeit a much larger 

number. Smart mobile computing is starting to move into 

the design driver seat that has up to now been occupied 

by MPU and GPU functions. Gate last HkMG at 20nm 

has been selected to meet these needs for 3rd genera-

tion HkMG FinFET mobile devices. At 14nm FinFET, you 

need 100 WPH (wafers per hour) throughput with EUV to 

break even with 193i with multiple patterning; 180 WPH 

provides a compelling advantage for EUV.

Jong Shik Yoon, Senior VP Semiconductor R&D at 

Samsung, spoke on opportunities and challenges in 

3D device integration. SOI FinFETs were pioneered by 

IBM, while Samsung & Intel led the development of bulk 

FinFETs; the Common Platform supports bulk FinFET. 

SOI FinFET is used by IBM for server and specialty 

mobile applications. CNT FET work has been going on at 

Samsung as well.

Simon Segars, EVP & GM of the ARM Physical IP 

Division, wrapped up the morning with the fabless 

design and manufacturing implementation perspective. 

Industry drivers today are mobile computing, servers 

and the “internet of things.” Lower cost entry level smart 

phones represent another billion unit market globally. 

Mobile networks require about 1 server for every 600 

phones, which puts the server demand into perspec-

tive, particularly as servers 

alone become a more 

signifi cant percentage of 

world power consumption 

(still single digits for now). 

Global internet mobile 

traffi c for 2015 will be 

about 966 exabytes. Simon 

is confi dent that the collab-

oration infrastructure that 

has gotten them to 20nm is 

extendable to 14nm.

A panel discussion featuring R&D leaders from the 

3 Common Platform partners, ARM and CNSE on the 

R&D pipeline for future semiconductor technology 

innovation followed lunch. Michael Liehr, VP Research 

at CNSE pointed out several ways in which the fab 

there operates like an industrial site, with professors 

leading engineering teams that function as much like 

an IDM process development group as a graduate 

student research group. GlobalFoundries in Malta, NY 

is currently running 32nm production and 20nm full 

fl ow qualifi cation. Work on DSA for photolithography 

started at IBM in 2000 and is still not ready for prime 

time. Similarly, copper interconnect development work 

started at IBM in 1984 and didn’t go into production 

until 1997, and even then came as a surprise to many 

outsiders. This is indeed a very long development 

pipeline. —M.F.

Continued fromn page 6

The Common Platform Technology Forum panel session.
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Continued fromn page 7

AMD amended its wafer supply agreement

with GLOBALFOUNDRIES Inc., with a negoti-

ated wafer price mechanism for 2012. AMD will

also transfer its remaining ownership interest in

GLOBALFOUNDRIES to GLOBALFOUNDRIES, elimi-

nating its equity stake in the foundry company.

AMD relinquishes its board seat at the foundry.

GLOBALFOUNDRIES, celebrating its 3-year anniver-

sary of operation, will now be wholly owned by the

Advanced Technology Investment Company (ATIC), the

company announced. —M.C.

AMD and GLOBALFOUNDRIES
form new agreement

Elpida Memory Inc. resolved to file a petition for the

commencement of corporate reorganization proceedings at

today’s meeting of the board of directors, and filed the same

with the Tokyo District Court. Elpida’s consolidated subsid-

iary, Akita Elpida Memory Inc., also saw the commencement

of corpo-

rate reorga-

nization

proceedings,

and there is

a possibility

that claims

against

the said

company

may not be

collected.

Nikkei

called the

bankruptcy

protection filing “the largest corporate failure among

Japan’s manufacturers since the end of World War II.”

Elpida cites sluggish DRAM growth in personal comput-

ers, as well as an increase of the capacity of DRAM per unit,

for its overcapacity after 2006-2007 capital expenditures on

wafer fabs and equipment. “At the beginning of 2007, the

price of DRAM started falling sharply and, combined by a

significant decrease of demand for the products due to the

global economic downturn begun in the fall 2008, such price

further declined.

DRAM chip prices may rise in the near term after Elpida

filed for bankruptcy protection, Taiwanese memory chip

vendors said. The remaining players in the DRAM market

will benefit from reduced supply with a boost in pricing

and revenue in H2 2012, according to the IHS iSuppli

Memory & Storage Service. IHS conservatively estimates

that 2012 DRAM revenue will exceed $30 billion, compared

to the previous forecast of $24 billion.—M.C.

Elpida files for bankruptcy

If more than 25% of Elpida’s manufacturing
capacity is taken offline, the global average
selling price (ASP) for all DRAM shipments is
projected to rise to $1.21 by the end of 2012, up
15.5% from $1.05 at the end of H1. The figure
shows global ASP for all DRAM shipments (global
DRAM revenue divided by gigabit shipments).
SOURCE: IHS iSuppli Research.

as well as the cost of the iPad displays. LGD has been

pioneering the use of advanced in-plane switching (IPS)

display technology, particularly in media tablet displays.

IMS Research believes Apple will need to embrace

embedded vision-based technologies in its next

product releases, not incremental technology upgrades

as seen in the gen-3 iPad.

Apple is largely credited with bringing touchscreen

interaction to the masses thanks to the iPhone. Now,

other user interface technologies — particularly gesture

recognition, voice commands — are complementing

touch interfaces. Competitors such as Samsung and

Microsoft have steadily begun integrating these technol-

ogies. Yearly worldwide shipments of devices with next-

generation user interface technologies will grow to

nearly 3.8 billion units in 2015, says IMS Research.

Apple’s competitors are more aggressively deploy-

ing camera-based gesture recognition applications, as

well as voice control (Apple’s Siri did not get a spot on

the new iPad). Microsoft uses gesture control with the

Xbox 360 and upcoming Windows 8 laptops and tablets,

along with gesture-friendly common interfaces across

devices. Microsoft deploys standard or enhanced front-

facing cameras for the new gesture-control applications.

Android-based smartphones and tablets incorporating

gesture control will debut in volume in late 2012. —M.C.
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LEDs

HB-LED packaging accounts for 40% to 60% of 
fi nished LED cost. This makes packaging the #1 target 
for cost reduction. 

By convention, LED package costs do not include 
the cost of converting a fi nished LED to a lighting 
product — the “Luminaire”. Mark McClear of Cree 
has repeatedly said an integrated approach is needed 
to deliver an attractive value for consumers. I’ll come 
back to his point at the end.

A few years ago HB-LED packages were assembled 
from many discrete parts. Th ese included a metal lead 
frame, a molded pocket for the LED, a zener diode, 
a mirror coating for the pocket, a heat sink for the 
LED, wire bonds for electrical connections, a sprayed 
on phosphor coating, an encapsulant to protect the 
assembled parts, and an attached lens.

Today LED packaging is using an integrated thin 
fi lm approach. A single AlN “panel” about 100 mm 
square is used.  Top side patterns provide a LED 
heat sink, area for wire bond connections, and 
electrical traces to vias that connect to the bottom 
side. Bottom side patterns provide for heat transfer 
and surface mount connections. Signifi cant savings 
are realized by doing “panel” scale assembly. For 
example, lenses are molded 500 at a time on one 
AlN panel.

Philips-Lumileds has changed their LED 
structure, to enable flip-chip mounting 
of the LED on the AlN panel. This 
eliminates the wire bond cost, and 

eliminates the area needed 
for wire bonding. This enables 
a smaller, lower cost LED 
package. Expect more flip-chip 
LED designs.

An analysis of packaged LEDs 
used for LCD-TV backlighting 
shows that much of the HB-LED 
package is a “frame” around 
the LED. Th is area does not increase signifi cantly 
as LED area increases. Th e real goal is to reduce the 
cost/lumen, not just the package cost. By increasing 
lumens emitted from a package, one can reduce the 
packaging cost per lumen.

Th is tactic is already being employed in HB-LED 
packages — several small LED chips are being 
mounted inside one package. Th is provides an added 
benefi t. Th e LEDs can be wired in series to increase 
the operating voltage. Higher voltage reduces the 
power conversion costs in the Luminaire. Which 
leads back to Mark McClear’s point — consider the 
Luminare cost.

Th e Resor Associates’ COO model was designed to 
study the tradeoff  between package costs, LED area 
and LED yield. It is clear that larger LED chips signifi -
cantly improve the cost/lumen for fi nished LED’s. As 
yield improves, the optimum tradeoff  shifts to larger 
LEs. So add improved LED yield to the roadmap for 
LED package cost reduction!

From the life cycle of ICs and FPDs it is clear that 
LED makers will use some of their cost savings to 
elaborate the product in ways that reduce the fi nished 
Luminaire cost. Th e most promising idea that I’ve seen 
is “integrated” LEDs. For example, one could form two 
strings of 40 LEDs each. Th ese could operate directly 
at a line voltage of 120volts, eliminating the power 
conversion parts in the Luminaire. Why don’t we see 
integrated LED products today? Defects/cm2 are too 
high in LED fabs — a signifi cant reduction in defect 
levels is needed fi rst.

Bottom line, there are many ways to reduce the 
packaging cost in LEDs. But to realize some of these 
one has to look beyond the traditional LED package to 
the Luminaire and to the LED chip. �

Driving down 
HB-LED 
 package costs

Griff Resor, 
Resor Associates, 
Maynard, MA USA
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At the recent IMAPS Device Packaging Conference in 
Ft. McDowell, AZ, Solid State Technology’s Insights 
from the Leading Edge (IFTLE) brought together a 
panel of manufacturers, users and market specialists to 
discuss the evolving 2.5D / 3D Infrastructure.

I was joined by Douglas Yu, Sr. Director of front end 
and back end technology development for TSMC; 
Jonathon Greenwood, Director of Packaging R&D at 
GlobalFoundries; Remi Yu, Deputy Division Director 
of UMC; Nick Kim, VP of electronic packaging technol-
ogies at Hynix; Rich Rice, Sr. VP of sales for ASE ; Ron 
Huemoeller, VP of Advanced 3D interconnect at Amkor; 
Matt Nowak, Sr. Director of Engineering at Qualcomm 
and Jan Vardaman, President of TechSearch Inc.

Th e panelists were unanimous in their descriptions 
of mainstream 3D packaging being represented by 
5-8μm copper through-silicon-via (TSV) middle on 
50μm-thick silicon from integrated design manufac-
turers (IDMs) or foundries and interposers as 10μm Cu 
TSV in 100μm-thick silicon. Vardaman points out that 
some larger “TSV-last” from the backside are, of course, 
also being used in image sensors, and other TSV varia-
tions are being seen in MEMS applications.

When discussing interposer sourcing, Amkor’s 
Huemoeller indicated that only 3 players were close 
to being ready to deliver interposers of any kind: 
TSMC, UMC, and GlobalFoundries. While some in the 
audience were resolute in their conviction that only 

panel-size formats (i.e., fl at 
panel glass or laminates) could 
deliver the economics necessary 

to make 2.5/3D packaging 
mainstream, the assembled 
experts agreed that while 
glass panels and even possibly 
advanced laminates presented 
interesting possibilities for 
low-cost future products, they 
currently cannot meet require-
ments and are in the earliest stages of R&D.

If we assume interposers will be divided into the 
categories of “coarse” and “fi ne,” the infrastructure 
question becomes “Where will these interposers be 
coming from?” Fine interposers by defi nition (1μm l/s) 
will require front-end semiconductor manufacturing 
tools and thus will be restricted to today’s IDM and 
foundries that have such capability in place.

While all the outsourced semiconductor assembly 
and test (OSAT) providers have redistribution layer 
(RDL) technology capable of fabricating “coarse” inter-
posers, so far none of the major players — ASE, Amkor, 
SCP, SPIL — have announced that they are entering 
the interposer business. TSMC, UMC, and Global-
Foundries all indicated that they will be commer-
cializing fi ne-featured interposers, although, as of 
yet, only TSMC and IBM have initiated small-volume 
product production.

Nowak indicated that interposers would add 
substantial cost and as such probably would not be a 
broadly accepted solution for low cost mobile products. 
In response, TSMC’s Yu responded that the addition of 
an interposer added cost to the overall component, but 
that “...this [2.5D] solution also off ers cost savings by 
reuse of IP and separating digital and analog circuitry 
and allowing partitioning of costly SoC,” and that this 
could make it the lowest-cost solution.

Based on the positions of these experts, one 
can conclude that initial interposer supply will be 
so-called “fi ne featured” high-end product, which will 
be provided today by foundries/3D-active IDMs. While 
we can anticipate that there will be future products 
designed to take advantage of “coarse” interposers, and 
some of the initial fi ne interposers might be able to 
migrate to coarse interposers as they become available, 
we will, initially at least, be limited by the availability 
and cost of foundry-supplied interposers. �

Interposer 
ecosystem 
 examined 

Dr. Phil Garrou,
Contributing Editor
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M
easuring the electrical performance of 
transistors formed in FEOL processes has 
traditionally forced device manufacturers 
to choose between the lesser of two yield-
reducing evils, either testing at fi rst metal 

(in-line) and causing higher defectivity on tested 
wafers, or waiting to test only fi nished devices with 
the potential of fi lling the manufacturing line with 
out-of-spec product. 

Th e in-line testing method creates particulate 
defects at the M1 layer and M2 layers that can signif-
icantly reduce die yield. During this process, the 
physical contact between the test probe tip and the 
contact pads of the circuit – usually a test structure 
located in the scribe lines between the die – creates a 
scrub mark and sheds contact pad material. Particles 
that migrate to the active circuitry can produce a short 
between metal lines or between subsequent metal 
layers. Th e defects generated can cause an entire wafer 
to be scrapped. As a result, a fab with 25,000 wafer 
starts per month will potentially sacrifi ce one wafer per 
lot, or 1,000 wafers per month, based on typical in-line 
sampling strategies. 

Meanwhile, manufacturers that choose to delay 
electrical testing until after wafer processing 
completion, potentially put at risk 100 percent of work-
in-progress (WIP) processed from M1 to fi nal metal. 

Because of the high WIP values driven by increas-

ingly elaborate BEOL processing, manufacturers 
typically judge yield loss from in-line test to be more 
economically acceptable – even in the face of test-
induced revenue losses that can reach hundreds of 
thousands of dollars per month. 

Th ese in-line test related losses, however, can be 
drastically reduced by integrating a dry cryogenic 
aerosol cleaning process after fi rst or second metal 
in-line testing. Th is article discusses yield advan-
tages gained by leveraging the high particle removal 
effi  ciency (PRE) of cryogenic aerosol inserted in the 
BEOL after in-line testing, without altering substrate 
properties [1-4].

High PRE and safety with exposed materials, 

fragile structures

IC manufacturers have successfully inserted cryogenic 
aerosol cleaning into the process fl ow at many nodes 
as a viable technique to safely remove particles from 
surfaces -- particularly as a replacement of conven-
tional wet techniques. Unlike wet technology, dry 
cryogenic aerosol technology cleans substrates without 
concern for fi lm etching, material changes, watermarks 
or electrical charging. Today, those yield-protecting 
characteristics, including the ability to collect valuable 
parametric data without sacrifi cing yield, [5] have 
helped establish post in-line test cleaning as the 
most frequently used application of cryogenic aerosol 

  Defect removal using dry 
cryogenic aerosols
JEFFERY W. BUTTERBAUGH, FSI International, Chaska, MN

Th e high particle removal effi  ciency of cryogenic aerosol 
cleans can provide yield advantages in the BEOL after 
in-line testing, without altering substrate properties.

WAFER CLEANING

DR. JEFFERY W. BUTTERBAUGH is currently Chief Technologist and Director of Applications Engineering for FSI International.  From 
2003 to 2010, he served as co-chair of the FEP Technology Working Group for the ITRS.
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cleaning technology.
Maintaining product integrity throughout the 

manufacturing process is critical. BEOL features 
that contain copper, along with porous low k dielec-
trics easily altered by chemicals and water absorption, 
increase the diffi  culty in maintaining the integrity 
of substrate materials during cleaning, especially as 
feature sizes and low k values decrease. 

Conventional water or chemical scrub processes are 
not compatible with many advanced materials and 
cannot be used to safely remove in-line testing debris. 
Wet chemical cleans can damage device performance 
through copper corrosion, low-k dielectric degradation 
from moisture absorption, insuffi  cient drying in high 
aspect ratio features, and drying marks caused by 
mixed surface hydrophobicity.

All-dry, chemical-free cryogenic aerosol, by 
comparison, is well established as a yield-increasing 
cleaning methodology that can achieve high particle 
removal effi  ciency (PRE) without concern for structure 
damage, fi lm etching, material changes, watermarks 
or electrical charging. Th e aerosol is safe to apply on 
any metal or dielectric exposed at the test level. By 
avoiding corrosion, etching, and altering surface 
charge properties, manufacturers can recover nearly 
all of the fi nal yield loss associated with in-line testing. 
In addition, successfully eliminating yield penalties 
encourages early, expanded testing feedback that leads 
to improved data collection and tighter process control.

The cryogenic aerosol process:  detach, diffuse 

and demove

Th e cryogenic aerosol is formed from inert argon and/
or nitrogen gas that is cooled and partially liquefi ed as 
it passes through a liquid nitrogen dewar. Th e resulting 
liquid-and-gas mixture is delivered to the process 
chamber, which is held at reduced pressure. As the 
cryogenic gas/liquid mixture fl ows from a linear array 
nozzle positioned above the substrate, rapid expansion 
creates sub-micron droplets that freeze to form solid 
aerosol clusters. 

Th e solid clusters impact the substrate, colliding 
with and dislodging particles through momentum 
transfer. Th ermophoresis also assists in moving 
detached particles away from the surface. A high 
laminar fl ow of nitrogen across the surface sweeps 

particles (and aerosol clusters) away from the wafer. 
Defects entrained in the gas fl ow are removed from the 
chamber by a vacuum pump.

Th e aggressiveness of the cryogenic aerosol is 
controlled to optimize the cleaning process and 
balance particle removal effi  ciency with potential 
pattern damage. Th e intensity of the aerosol’s energy 
and size is managed by varying the argon-to-nitrogen 
gas ratio, process chamber pressure, and the pressure 
(temperature) of the liquid nitrogen heat exchanger. As 
an example, lower chamber pressure results in smaller, 
higher velocity cryogenic aerosols.  Smaller, faster 
cryogenic aerosols increase PRE, especially for particles 
down to 45nm in size. 

Non-damaging particle removal protects yields

A study to evaluate cryogenic aerosol defect removal, 
across multiple BEOL processing steps, used 300mm 
bare Si wafers in a 65nm logic production line [1]. For 
all particle sizes measured, PRE with cryogenic aerosol 
cleaning was 99% or greater, with no material loss or 
substrate modifi cation.

Th e PRE values on a blanket test wafer are a critical 
metric and serve as a guide to estimate the fi nal 
defect count on a device wafer after processing. Using 
these PRE values, the average remaining defect count 
is expected to be less than two for particles larger 
than 0.12μm. Figure 1 shows typical clean effi  ciency 
data for particles greater than 45nm collected in 
FSI test lab. Fab installations deploying post-probe 
cleaning to remove fall-on defects created by in-line 
testing may use conventional scrubber techniques 
to remove particles from the backside of the wafer. 

FIGURE 1. Typical clean efficiency data collected in FSI 

test lab. Cryogenic aerosol process proves effective for 

large & small particles.
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WAFER CLEANING

However, in many fabs wet treatment is minimized 
on the device side of the wafer following Cu CMP. In 
a 40nm production line example, replacing a scrub-
clean sequence with cryogenic aerosol cleaning 
resulted in nearly a 60% improvement in defectivity,
with no material loss or substrate modifi cation.

Fourier Transform Infrared (FTIR) analysis detected 
no change in the porous low k dielectric fi lm before or 
after exposure to cryogenic aerosol. Th is confi rms the 
absence of moisture absorption that would degrade 
the dielectric constant. In addition, cryogenic cleaning 
reduced cost-of-ownership (CoO) by 30% compared to 
the process-of-record (POR).

An additional manufacturer study [2] looked specifi -
cally at in-line testing at the fi rst metal layer in a 
copper process. Debris-related defects were detected by 
electrical testing at the next metal layer.

Fig. 2 shows a wafer map of defects before and 

after cleaning. Fig. 3 shows electrical test 
maps of wafers in the test lot. Red squares 
mark electrical defects on uncleaned wafers. 
Fig. 4 charts the functional yield improve-
ments of approximately 19% that the manufac-
turer attributed to the cleaning process on two 
diff erent lots that received 100% testing for 
reticle qualifi cation.

Conclusion

Th e non-damaging, high particle removal 
effi  ciency of cryogenic aerosol cleaning is well-
established across various IC process nodes as 

a critical factor in manufacturing yield recovery, 
especially as an alternative to water and chemical 

scrub technologies, which are incompatible with new 
materials. With a PRE performance validated against 
defects as small as 45nm, 
cryogenic aerosol cleaning 
is well-equipped to deliver 
99% or better removal of the 
larger, probe-related defects 
associated with in-line 
electrical testing. In addition, 
by enabling engineers to return 
wafer yield previously sacrifi ced 
to gain valuable parametric 
data, cryogenic aerosol cleaning 
dramatically alters the cost-
benefi t calculation in favor of 
increased in-line testing.  �
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FIGURE 3. Wafer maps show that the cryogenic process 

virtually eliminates probe yield loss. Wafers with no 

clean have more defects.(Red indicates failed die).

FIGURE 2. Defect maps before cryogenic aerosol treatment 

indicating the types of defects that are easily removed.

FIGURE 4. Final 

yield of wafers that 

were 100% probed for 

reticle qual. Final yield 

improved by 19% for 

wafers that received 

the cryogenic aerosol 

treatment.
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A
s the industry moves 
to 3D tri-gate FinFET 
architectures to 
overcome transistor 
scaling issues [1], 

additional etch challenges have 
appeared that may require 
new approaches to plasma 
etching. Compared with planar 
transistors, the performance 
of FinFET devices will depend 
more on etch because the 
multiple gates and vertical fi n 
structures are created by the 
etch process. Not only are there 
more etch steps required to 
form these structures, there 
are also more surfaces of a 
FinFET transistor exposed to 
the plasma, resulting in the need for high-precision 
etching with minimal — ideally no — structural 
damage. 

Fin/STI formation 

Shallow trench isolation (STI) etch processes for 
conventional planar devices have increased in aspect 
ratio with each successive technology node. In the case 
of FinFET structures, there is increased complexity 
because the fi n is formed directly from the Si substrate, 
and therefore the STI structure and fi n are etched 

simultaneously. Diff erent feature profi les 
must be created during the same etch 
process because STI requires a tapered 
sidewall, while the silicon fi n requires 
a vertical sidewall, as shown in Fig. 1.
With FinFET devices, for the fi rst time, 
the etch process creates the actual 
channel (the fi n), so producing a precisely 
vertical fi n with low surface state density 
is critical. Any unintentional variation 
in the shape of the fi n (width, height, 
profi le) or excessive surface state density 
caused by plasma etch-induced damage 
would alter the transistor channel.

Gate formation

After the fi ns are formed, the FinFET 
gate must be etched so as to wrap around 
the fi n (Fig. 2). As with the fi n/STI etch, 

the sidewalls of the gate must be etched vertically to 
reduce variability of the device parameters. To accom-
modate the 3D topography, the etch needs to stop 
on top of the fi n while etching further down to the 
silicon substrate. Once the etch reaches the base of the 
structure, complete removal of residue from the 3D 
corner requires ~70-100% over-etch time, compared 
with ~30% for conventional planar gates. Th roughout 
the entire exposure time, the process must avoid etching 
or damaging the exposed fi n, which would adversely 
aff ect device performance [2]. 

FIGURE 1. The fi n/STI etch 

requires creating both tapered 

isolation trenches and vertical 

fi ns, which will form the transistor 

channels.

Plasma etch challenges 
for FinFET transistors
KEREN J. KANARIK, GOWRI KAMARTHY, AND RICHARD A. GOTTSCHO, Lam Research Corp., Fremont, CA.

New constraints and challenges associated with FinFET 
manufacturing are reviewed from the etch point of view.

ETCH

KEREN J. KANARIK, PhD, is a technical marketing manager in the Etch Product Group at Lam Research Corp., 4650 Cushing Pkwy, 
Fremont, CA 94538 USA; email: keren.kanarik@lamresearch.com

D
C

q
q
M

M
q

q
M

M
qM

Qmags
®THE WORLD’S NEWSSTAND

D
C

q
q
M

M
q

q
M

M
qM

Qmags
®THE WORLD’S NEWSSTAND

Previous Page | Contents  | Zoom in | Zoom out |    Refer a Friend | Search Issue | Next Page

Previous Page | Contents  | Zoom in | Zoom out |    Refer a Friend | Search Issue | Next Page

http://www.solid-state.com
http://www.solid-state.com
http://www.qmags.com/SST/Referrals/refer_a_friend.asp
http://www.qmags.com
http://www.qmags.com
http://www.qmags.com/SST/Referrals/refer_a_friend.asp
http://www.solid-state.com


No structural damage Drain

Mask

Gate

Substrate
Remove 3D

corner residue

Fin

Souce

Vertical
walls

Etch precision ~0.05

~3nm

~0.5nm

Etch precision ~0.25

 16 APRIL 2012 SOLID STATE TECHNOLOGY www.solid-state.com

ETCH

Spacer formation

The spacer forms the mask for source/drain implan-
tation, as well as encapsulates and protects the
sidewalls of the gate. Like gate etch, spacer etch
requires a directional process to prevent lateral
consumption of the spacer material (CD loss), without
damaging the exposed Si fin. In a planar transistor,
integration schemes have typically included a liner
film as a stop-layer to prevent Si loss during the etch
process. In a FinFET device (and in many advanced-
node planar devices), this liner film is omitted due
to tight geometries, leaving the device fully exposed
during the spacer etch. This is particularly problematic

because a significantly longer over-etch is needed to
fully clear residue at the bottom of the fin compared
with planar transistors (~200-400% vs. ~30%). Conse-
quently, the spacer etch is today considered the most
challenging of the FinFET etch processes.

Challenge of atomic-precision etching

As described above, one of the biggest challenges in
enabling FinFET formation is to directionally etch
the transistor features without damaging them —
etching with atomic precision. The requirement of
directionality is essential because ions are one of the
fundamental root causes of plasma-induced struc-
tural damage. At the molecular level, energetic ions
(~10-1,000eV) cause the exposed film surface to “blur”
due to a collision cascade that can spread and penetrate

many monolayers deep. This produces a damaged
region (the selvage layer) of mixed contaminants,
dangling bonds, and voids that are beneficial for fast
etch rates, but compromise precision.

Here we define the parameter “Etch Precision”, PE,
as the inverse of the number of damaged atomic layers
that result from ion-enhanced etching. This can be
expressed using measurable etch parameters:

Etch Precision,

where ERi = ion-enhanced etch rate (ignoring sponta-
neous chemical- or photon-induced etching),
S = sticking parameter, JR = reactant fl ux, Ji
= ion fl ux, εi = ion energy, εth = threshold
energy, and εsputter = sputter threshold energy.
Ion-enhanced processes will have PE > 0, and
values for current etch processes typically range
from approximately 0.01 to 0.1, where higher
values indicate that fewer layers of film have
been damaged by the ions (Fig. 3). Results
approaching PE ~ 1 have been realized under
laboratory conditions with atomic layer etching
(ALE), which uses alternating processes to
remove one monolayer at a time [3]. Unfortu-
nately, today’s ALE techniques produce etch

FIGURE 3. Higher Etch Precision (PE) indicates a more

“pristine” or intact surface. Precision values for current

etch processes typically range from ~0.01 to 0.1.

FIGURE 2. FinFET gate etch needs to simultaneously

maintain vertical walls and remove corner residue, while

protecting the exposed fin from structural damage.
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rates that are too slow to be economically viable for 
manufacturing. 

For practical purposes, the equation points to two 
conditions that improve PE for a given ERi. Th e fi rst is 
to saturate the surface with reactants (increase S•JR). 
Th e second is to provide suffi  ciently energetic ions and 
surface-localized bombardment (increase Ji•(εi

½ - εth
½), 

εth < εsputter). Th e diffi  culty is in satis-
fying both conditions concurrently 
for the duration of the etch process, 
for example, because the ions 
compete with reactant stickiness. 
Th is is particularly challenging for 
the plasma methods currently used 
for etching planar transistors. 

Approaches to improve etch 

precision 

One approach for improving PE is 
to lower electron temperature [4], 
which reduces the plasma potential 
and therefore lowers the ion energy 
to levels below those typically used 
for etch processes. Access to εi < 15eV 
is possible with inductively coupled 
plasma reactors and other plasma 
sources and off ers the benefi t of a 
reactant-rich environment (saturates 
S•JR). However, the broader ion 
angle distributions at low energy 
will reduce directionality, causing 
CD loss (Fig. 4a vs. 4b). Moreover, 
the low-energy ions are unlikely to 
overcome εth > ~50eV for FinFET 
fi lm stacks. Th erefore, etching with 
low ion energy is not considered a 
desirable approach for critical FinFET 
etches.

Another approach is time 
modulation of plasma parameters. 
For example, “sync pulsing” is one 
technique where source and bias 
powers are turned on and off  in 

~100μs cycles. When the powers are 
shut off , there is less dissociation 
and shallower ion penetration, 

which some claim results in higher PE [5]. However, 
less dissociation can result in insuffi  cient reactant 
fl ux for surface saturation (S•JR), which can lead to 
Si loss during FinFET etching (Fig. 4c). A promising 
alternative is “bias pulsing” in which the bias power 
is turned on and off , while the source power remains 

Continued on page 26
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E
tching is one of the most important processes in 
semiconductor manufacturing industries. One 
such example is B-doped poly etchback process 
where silicon dioxide, PE-TEOS on wafers are 
etched, with the target etch depth of 500Å using 

BOE (Buff ered Oxide Etchant, mixture of HF and 
NH4F) as etchant. Th is process requires pumping to 
circulate and supply the etchant to the wafer’s surface. 

However, no studies have been reported in the 
literature regarding the infl uence of pumps on the 
performance of etching processes of wafers. In 
this present study, the performance of a magnetic 
levitation centrifugal pump (MLC-BPS 600, Levit-
ronix) is evaluated and compared with the traditional 
diaphragm pumps (D1 and D2) for an etching process. 
Th e D1 has low pulsation intensity and high frequency 
of pressure oscillations compared to that of D2.

Th e etching tests were conducted using 8” PE-TEOS 
wafers and dilute hydrofl uoric acid (DHF) as an etchant. 
In the conventional wet bath tool, the following condi-

tions were employed: the concentration of DHF was 0.5 
wt% and the process time was 10 min. Th e conditions 
were chosen to simulate semiconductor etching condi-
tions. In general, etch rate normally changes with the 
position of the wafer in the bath. Th us, in the present 
study, fi ve wafers including two dummy wafers were 
placed simultaneously in the etching bath for each test 
run and the wafer position in the etching bath was 
labeled as left, center and right. In the single wafer tool, 
the following conditions were employed: the concen-
tration of DHF was 1 wt% and the process time was 3 
min. Th e feed was injected at the wafer center for the 
three pumps. However, the spreading of chemicals on 
the wafer depends on the pumping method. As seen 
in Fig. 1, the chemicals are spreading over a fairly 
larger area of wafer in the case of diaphragm pumps, 
especially for D2 due to the higher pulsation intensity 
(30±6 psi) when compared to that of MLC pump (30 
psi) and D1 pump (30±3 psi). Th us for the MLC pump, 
the experiments were conducted in an additional mode 

The effect of pumping methods 
on wet etching processes
JUNG-SOO LIM, R. PRASANNA VENKATESH, and JIN-GOO PARK , Dept. of Materials Engineering, Hanyang University, 

Ansan, 426-791, Korea

Th e eff ect of pumping methods on the etching of PE-TEOS wafers was 
investigated. Th e experiments were conducted in conventional wet bath 
and single wafer process tools, measuring etch rate, etch rate uniformity, 
and wafer-to-wafer uniformity, for various pumping methods.

ETCHING

JUNG-SOO LIM received his BS in chemical Engineering and MS in metallurgy and materials engineering from Hanyang U., Korea and 
is a PhD candidate at the university. R. PRASANNA VENKATESH received a bachelors’ degree in chemical engineering from 
Bharathidasan U., India and a masters’ degree in petroleum refi ning and petrochemicals from Anna u., India; he received his PhD in 
chemical engineering from the Indian institute of technology madras, India and is currently a post doctoral candidate at Hanyang U., 
Ansan 426-791, Korea. JIN-GOO PARK received a BS in metallurgy and materials engineering from Hanyang U., Korea, and MS and 
PhD degrees in materials science and engineering from the U. of Arizona. He is a professor in the Department of Materials 
Engineering as well as director of the Micro Biochip Center and the Nano-bio Electronic Materials and Processing Lab. (NEMPL), at 
Hangyang U. ph.:82-31-400-5226; email jgpark@hanyang.ac.kr
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called swing mode where the chemicals are supplied 
using a movable arm in such a way that the chemicals 
are spread over the same area as with D2. 

Th e etch rate is calculated by measuring the 
thickness of PE-TEOS before and after the etching 
test. Th e thickness is measured by an inspection tool 
(K-Mac refl ectometer, ST 4000, Korea) which is based 
on the principle of spectral refl ectance. Th e thickness 
is measured at 33 specifi ed locations on the wafer and 
the average etch rate and uniformity are calculated 
from these values. 

Etching test in conventional wet bath tool

Th e etch rate of PE-TEOS oxide in 0.5 wt% DHF by the 
three diff erent pumping methods is shown in Fig. 2.
Th e average etch rate is 90 ± 5 Å/min for the MLC 
pump, 85 ± 5 Å/min for D1 and 95 ± 6 Å/min for D2, 
respectively (i.e., the etch rate is higher for D2 pump 
followed by MLC and D1 pumps, which show the lowest 
values). Th e high etch rate in the D2 pump may be 
attributed to its higher pulsation intensity. However, in 
the D1 pump, although the pulsation intensity is higher 
than MLC pump, the frequency of pump pulsations is 
higher which makes the etch rate more non-uniform 

and hence the average etch rate observed is lower. 
Th e within-wafer etch uniformity is lower for the 

MLC pump when compared to D1 and D2 pumps as 
shown in Fig. 3. In addition, the value of standard 
deviation is also relatively lower for the MLC 
pump when compared to the other two diaphragm 
pumps. Th is clearly says that fl ow behavior has a 
strong infl uence on etch uniformity. Since the fl ow 

is continuous and smooth in the MLC pump, the 
spreading of etchant on the wafers is more uniform 
which results in a lower within-wafer uniformity. Th is 
suggests that the MLC pump is more suitable for wet 
etching processes in semiconductor industries. Among 
the diaphragms, the etch rate uniformity is higher for 
D1 pump because of its high frequency of pressure 
pulsations as previously mentioned.

In general, the etch uniformity strongly depends on 
position of the wafers in the etching bath. Hence, the 
change in the etch rate as a function of position of wafers 
in the bath for the three pumping methods is observed as 
shown in Fig. 4. For both MLC and D2 pumps, the etch 
rate is higher for the wafer positioned in the left side of 
the bath when compared to that of wafers in centre and 
right side. Since the feed is injected at left side of the bath 

FIGURE 3. Etch rate uniformity for various pumps. 

FIGURE 2. PE-TEOS etch rate in 0.5 wt% DHF for various 

pumps.

FIGURE 1. Schematics showing the spreading of chemicals over the wafer area for (a) MLC pump (b) diaphragm 

pumps and (c) MLC pump in swing mode. Note: The injection point is center for MLC pump, -10 to 50 mm (center is 

taken as zero) for D1 pump and -10 to 80 mm for D2 and MLC pump in swing mode.
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and the fl ow is from left to right side, the pressure would 
be higher at left side which may result in higher etch rate 
at left side of the bath. However in the D1 pump, the 
trend is opposite and the reason for this is not clear.

Wafer-to-wafer uniformity was also calculated and 
shown in Fig. 5. Th e value observed for MLC pump is 
14% which is relatively low compared to that of 26% 
for D1 and 22.5% for D2 pumps. Th us, wafer-to-wafer 
uniformity is also strongly infl uenced by pressure 
variations in the pump. Since the pressure is constant 
with time due to the smooth fl ow, this does not aff ect 
the wafer-to-wafer uniformity. While in the case of 
other two pumps, the values are slightly higher as 
both the pumps exhibited larger pressure pulsations. 

Very low wafer to wafer uniformity values ( <3-5% in 
conventional wet bath system) could be achieved in 
the semiconductor fab tool by ensuring laminar fl ow 
on each point of every wafer and by eliminating any 
eddies or dead zones using uniform fl ow control system 
and with careful tool design. However, within the 
limitations of our tool model, lower uniformity values 
could not be achieved.

Etching test in single wafer tool

Th e etch rate of PE-TEOS wafer in DHF solution for 

various pumping methods is shown in Fig. 6. Th e etch 
rate is 210 Å/min for the diaphragm pumps and, 215 
Å/min and 212 Å/min for MLC pump when operated in 
normal mode and swing mode respectively. So the etch 
rate in single wafer tool is higher for the MLC pump 
unlike in conventional wet bath tool.

Th e etch rate uniformity is lower for the D2 pump 
among the three pumps when they were operated 
in normal mode, as shown in Fig. 7. Th is might be 

because, in the D2 pump, the chemicals are spreading 
over a relatively large area of the wafer due to the high 
pulsation intensity (30±6 psi) compared to that of MLC 
(30 psi) and D1 pump (30±3 psi). In order to confi rm 

this, we operated the MLC pump in swing mode such 
that the chemicals were spread on same area of the 
wafer as in the D2 pump. As expected, MLC pump 
operated in a swing mode shows a much lower value 
because of the additional impact from non-fl uctuating 
(non-pulsative) fl ow. 

Fig. 8 shows the wafer-to-wafer uniformity for all 

FIGURE 4. Etch rate for various pumps at bath position.

FIGURE 6. PE-TEOS etch rate in 1 wt% DHF for various 

pumps

FIGURE 7. Etch rate uniformity for various pumps.

FIGURE 5. Wafer to wafer uniformity for various pumps.

Continued on page 32
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P
ackaging requirements for high brightness 
LED (HBLED) technology is pushing the 
current material envelop for both low cost 
and high thermal performance. Th e desire to 
shrink package size is driving LED substrate 

requirements toward higher and higher heat dissi-
pation. And the commercial imperative to decrease 
the $/Watt fi gure of merit for light output is putting 
cost pressure on the LED packaging technology to 
utilize lower cost substrate alternatives.

HBLED devices are bonded to a ceramic “tile” that 
consists of a ceramic substrate that has been metallized 
with thick-plated copper. Connection between the top 
surface with the active device and the backside, which is 
surface-mounted to a high thermal conductivity metal 
core printed circuit board, is accomplished with Cu-fi lled 
vias. Th us heat conduction from the active device occurs 
through both the Cu vias and the ceramic. Th e ceramic 
material provides electrical isolation between the 
diff erent polarity inputs that drive the LED.

Traditionally, 96% Al2O3 has been used as the 
ceramic substrate in HBLED applications because of its 
low cost and good mechanical stability. However, with 
a thermal conductivity of only 20 W/m-K, alumina 
does not contribute signifi cantly to heat transport in 

the tiles. Th is brings in the opportunity for using other 
ceramic materials with higher thermal performance 
such as AlN or Si3N4.

Th e downfall for both of these alternatives has been 
much higher cost than alumina.

Aluminum Nitride

Aluminum Nitride (AlN) is a polycrystalline, high 
melting temperature (refractory), ceramic material 
with an advantageous set of properties for die level 
packaging of high brightness LEDs and power semicon-
ductors. Th ese critical properties include:
• Good electrical insulation
• High thermal conductivity
• High fl exural strength
• Stable up to very high temperature 
• Able to be laser drilled, metallized, plated and brazed

A more detailed list of properties is shown in 
Table 1 below. 

Low cost AlN substrate 
technology for HBLED and 
power semiconductors
JONATHAN HARRIS, CMC Laboratories, Tempe, AZ

A technology has been developed that allows AlN to be sintered at lower 
temperatures. Th is allows the material to be sintered and fl at fi red 
in a continuous furnace very similar to furnaces used for alumina.

LED PACKAGING

JONATHAN HARRIS, PhD, is president of CMC Laboratories, Inc., Tempe, AZ E mail: jharris@cmclaboratories.com; 
web: www.cmclaboratories.com

TABLE 1.

Properties Value Comments

Thermal Conductivity 170 W/m-K Laser Flash

Flexural Strength 325 MPa Four Point Bend Test

Volume Resistivity 1014 Ohm-cm Four Point Probe 

Metallization Systems Thin Film, DBC
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As power densities of semiconductor devices 
increase, the need for packaging to remove generated 
heat increases, particularly for devices such as LEDs, 
which are sensitive to increasing temperature. AlN, 
which has a thermal conductivity that is 8-9 times 
higher than competitive materials such as Al2O3,
becomes an excellent technical solution to increasing 
thermal demands on fi rst level packaging materials.

Applications with high and increasing thermal 
demand include: RF power components for cellular 
infrastructure, HBLED, power semiconductors for 
motor control, packaging for highly concentrated 
photo-voltaic installations, and packaging for semicon-
ductor lasers used in telecommunications.

AlN ceramic substrates are typically 15 to 60 mils 
thick, and up to 4.5" square (larger for some specialized 
applications). Th ese substrates are fabricated using 
conventional ceramic processing technology. A typical 
fabrication sequence is given in Table 2 below.

As evident from the brief discussion above, AlN has 
a range of very benefi cial properties for high thermal 
demand applications. However, there is one very key 
drawback of AlN which has limited its utilization. Th e key 
issue is the cost of AlN substrates relative to lower perfor-
mance materials such as alumina. Typically, AlN costs 5-7 
times more than alumina on a cost/square inch basis. 

Below is a list of the key contributors to this higher 
cost structure:
1. Currently available AlN powder is approximately 

20 times more expensive than alumina powder of 
comparable quality (purity, particle size).

2. AlN tape must be fi red in a non-oxidizing 

atmosphere. Th is means that binder removal, which 
is typically done through oxidation, must be done 
in a separate furnacing step (at a temperature 
well below the sintering temperature). A thick 
fi lm continuous furnace can be used. For alumina, 
binder removal can be accomplished in the sintering 
furnace in one furnace step.

3. AlN is sintered in a batch furnace with much lower 
throughput than continuous furnaces used for 
alumina. In addition, these batch furnaces are 
constructed using Mo and W metal heat shields and 
heating elements  because of the extremely high 
sintering temperatures (>1800°C), so the overall 
furnace cost is very high. 

4. AlN can also be sintered in graphite batch furnaces. 
Th ough lower capital cost than W furnaces, the 
sintering fi xtures for this type of furnace are very 
high cost and the throughput is still low due to batch 
processing. Also, the interaction of AlN with the 

carbon containing atmosphere is a graphite furnace 
must be limited to produce high quality product.

5. Th e considerations of furnace cost and low throughput 
for sintering are also a factor for fl at fi re, so there is 
essentially a “double hit” for using batch processing.

6. Alumina can be processed in an aqueous 
environment. Th is makes the tape fabrication less 
expensive than the AlN process which must utilize 
non-aqueous solvents. Th is is a signifi cant factor for 
tape casting.
Th e focus of this article will be to discuss a new 

technology that has been developed at CMC Labora-
tories, Inc. which addresses items 3, 4 and 5 in the list 

TABLE 2.

Fabrication Step Processing Method Equipment and Comments

Form a slurry with ceramic powder, 
sintering aids and organic binders

Slurry mixing and milling Non-aqueous Solvents

Form a thin sheet Tape casting Non-aqueous tape caster

Cut out non-fi red substrates Blanking Press that cuts tape

Press to a controlled density Iso static lamination Produces uniform density

Burn out the binder Binder removal furnace
Continuous thick fi lm furnace in air. Removes binder so only 

ceramic powder and sintering aids are left in sheet.

High temperature densifi cation
Sinter at temperatures above 

1800°C to full density
High Temperature, high cost, Tungsten or graphite batch furnace

Flatten dense substrates
Fire in stack with weight at high 

temperature (near 1800°C)
High Temperature, high cost, Tungsten or graphite batch furnace
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above. Th is new technology allows AlN to be sintered 
at lower temperatures which allows the material to 
be sintered and fl at fi red in a continuous furnace very 
similar to furnaces used for alumina.

HBLED grade AlN 

Table 3 below compares key properties for the low 
temperature sintered, lower cost “HBLED Grade” AlN 
compared to the standard, high temperature sintered, 
higher cost material that is currently commercially 
available.

It is clear from this graph that all of the properties 
are very similar, except that the thermal conductivity 

of the HBLED grade material is about 24% lower, but 
is still 6+ times higher than alumina. Th is makes the 
HBLED grade material suitable for all but the highest 
thermal demand applications for AlN. 

HBLED grade AlN is made with the same basic 
processing steps outlined in Table 2 that are used for 
the high temperature material. Th e key diff erence is 
the sintering additives which allow the material to 
densify at 1675-1690°C as compared to the conven-
tional 1820-1835°C. Tape binder formulations, tape 
casting conditions and the binder burn out process 
are also the same as, or very similar, to conventional 
material. 

Fig. 1 shows a picture of a 4.5” x 4.5” x 20 mils 
substrate made from HBLED grade material that was 
fi red at 1690°C in a nitrogen gas atmosphere with a hold 
time at sintering temperature of 3 hours. 

Sintering aids for AlN ceramics perform two key 
functions: (1) they form a liquid phase at the sintering 
temperature which increases the rate of densifi cation 
(“Liquid Phase Sintering” process); and (2) they getter 
oxygen from the AlN grains during sintering. Since 
the oxygen content of the AlN grains controls AlN’s 
thermal conductivity, eff ective oxygen gettering is key 

to achieving the highest possible thermal performance. 
Th e sintering temperature must be high for two 

reasons for the. First, the temperature must be high 
enough to melt the additive phase to form a liquid 
which enhances the rate of sintering by orders or 
magnitude. Second, the temperature must be high 
enough so that oxygen can diff use out of the AlN 
grains during sintering to enhance the thermal conduc-
tivity of the AlN ceramic.

Th ere is a third critical requirement for the additive 
phase during AlN sintering. While a liquid, the Y-Al-O 
phase will completely surround each AlN grain. If we 
defi ne a wetting angle between the AlN and Y-Al-O 
measured at the 3 grain junctions, the microstructure 
has a very low wetting angle that is less than 60•. Th is 
type of microstructure is shown in the SEM micro-
graph in Fig. 2a. Th e dark grains in this fi gure, which 
are about 10 microns large, are the AlN. Th e bright 
phase is the Y-Al-O.

Th ere are two critical performance issues with a 
wetted microstructure. First, because AlN fracture 
is inter-granular, the presence of a Y-Al-O phase 
between the grains lowers the tensile strength of the 
ceramic by a large factor. Th e second problem is that a 
wetted microstructure results in Y-Al-O covering large 
portions of the surface of the substrate. Th is reduces 
the consistency of AlN metallization processes. 

So a key requirement for the oxide second phase during 
AlN sintering is that the oxide phase de-wet the ceramic 

TABLE 3.

Properties Current AlN HBLED Grade

Thermal 
Conductivity

170-190 W/m-K 110-130 W/m-K

Flexural Strength 325 MPa 300 - 325 MPa

Volume Resistivity 1014 Ohm-cm 1014 Ohm-cm

Metallization 
Systems

Thin Film, DBC Thin Film, DBC

FIGURE 1. Low temperature sintered AlN substrate.
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grains during the later stages of the sintering process so 
that the fi nal microstructure will have a de-wetted Y-Al-O 
phase as shown in the micrograph in Fig. 2b.
• Th ese same basic considerations for sintering of 

high temperature, conventional AlN are relevant to 
designing a low temperature sintering process:

• Th e sintering additive must melt at the sintering 
temperature to facilitate liquid phase sintering 
kinetics.

• Th e temperature must be high enough for oxygen 
to diff use out of the AlN grains during sintering. 
Th is consideration puts somewhat of a lower limit 
on how low AlN can be sintered to produce high 
thermal conductivity.

• Th e liquid phase must de-wet from the AlN grains 
after densifi cation to form a de-wetted micro-
structure and thus high fl exural strength.

• Th is de-wetting is also required to produce ceramic 
with high electrical resistivity
Fig. 3 shows the microstructure of a low temper-

ature formulation that was fi red at 1675C. Th is has a 
modifi ed sintering additive package which will melt at 
much lower temperature than the conventional Y-Al-O 
additives, but still has a strong chemical driving force 
to getter oxygen from the AlN grains.

As in the previous micrographs, the dark grey areas 
are the AlN ceramic grains, about 3-5 microns in size, 
and the bright areas are the oxide sintering additive 
phase. 

Furnacing considerations

Th e motivation for developing an AlN formulation 
that sinters below 1700°C is the new furnace options 

that this lower temperature opens up. At 1700°C or 
below, a continuous tunnel kiln can be utilized. Th is 
furnace runs in a N2 atmosphere with a small amount 
of H2 present to protect the heating elements from 
oxidation. Th e heat shields are constructed of alumina 
and the heaters are made from Mo. Th e substrates 
are stacked on alumina plates which are continuously 
pushed through the furnace. Th e rate of travel depends 

on the length of the hot zone and, 
the required time at sintering 
temperature (about 3-5 hours). 
Th us the longer the hot zone, the 
faster the speed through the 
furnace and the higher the sinter 
through-put. Since a continuous 
furnace runs in steady state, 
there is no time required for the 
furnace to heat up and cool down. 
Th e heat up and cool down cycles 
are the key rate limitations in a 
batch furnace.

FIGURE 3. Microstructure of AlN, sintered at 1675°C.

FIGURE 2A. Wetted microstructure- high temperature AlN

FIGURE 2B. De-wetted microstructure- high temperature AlN
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ETCH

on. During the “on” phase, sufficiently
high ion energy is provided to achieve
directional etching in bursts that are less
likely to cause damage. During the “bias-
off” phase, the source power produces
reactants that re-saturate the surface
(increase S•JR). In this way, bias pulsing
rapidly alternates between directional
etching and surface saturation to deliver
high-precision etching (Fig. 4d).

Conclusion

High-precision etching is more important
than ever, and new etch techniques may be needed to
achieve the requirements of 3D transistor architec-
tures. While there is still work to be done, bias pulsing
offers a viable approach to achieve directional etching
with minimal structural damage that will be needed
for manufacturing FinFET devices. �
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Conclusion

The five major cost factors for AlN substrates
(compared to Al2O3) were discussed: (1) higher cost
powder; (2) separate BBO cycle; (3) batch sintering
cycle; (4) batch flat fire cycle and (5) non-aqueous
processing. By adopting a low temperature sintering
configuration, cost factors 4 and 5 are addressed
bringing the sintering and flat-firing operations in line
with the process for alumina.

Of course, this process will only be appropriate
for applications where a thermal conductivity of 130
W/m-K is acceptable. This thermal conductivity should
be acceptable for most HBLED, RF and power semicon-
ductor applications. For laser diode telecommunica-
tions applications, 130 W/m-K will most likely be too

low and conventional higher cost AlN will continue to
be utilized.

The availability of a low temperature, continuous
sintering process also provides strong motivation
for the next phase of cost reduction for AlN, utili-
zation of lower cost, lower performance AlN powder.
Again, with a focus on HBLED and power semicon-
ductor applications, sensitivity to impurities such as
Fe and Si, which drive up AlN powder costs, may not
be anywhere as stringent as applications such as RF
and microwave (where dielectric properties at high
frequencies are important). The combination of lower
cost powder and a continuous sintering process would
move AlN substrate pricing much more in line with
alumina. �

FIGURE 4. Comparison of different approaches for FinFET spacer

etch. Bias plasma pulsing offers a viable approach for minimizing Si

loss while maintaining directionality to prevent CD loss.

Continued fromn page 17
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I
n 2009 the European Semiconductor Equipment and 
Materials industry decided to form a 450mm dedicated 
initiative, called EEMI450, to bring the interested 
parties together, to promote common 450mm eff orts 
and to induce common 450mm European projects.  

Currently, this Initiative has more than 45 members, and 
to date, four 450mm European research projects have 
been labeled through the European ENIAC and CATRENE 
funding instruments.

Th e EEMI450 Initiative has written a white paper which 
defi nes the goals of the EEMI450 Initiative and in which 
the economical motivation concerning the 450mmm wafer 
transition for the semiconductor industry is explained.  
Th e white paper emphasizes the importance of early 
engagement in 450mm research and development activities 
for the European semiconductor related equipment and 
materials industry, which plays a signifi cant role in the 
global semiconductor marketplace. In February, the white 
paper was delivered to Neelie Kroes, Vice-President of the 
European Commission and Commissioner for the Digital 
Agenda. Th e following is an excerpt from that white paper. 
Th e entire white paper can be found online at www.eemi450.
net/White_paper_EEMI450_Final.

Th e semiconductor manufacturing industry has 
undergone dramatic growth during the second half of 
the last century, and throughout the fi rst decade of the 
new millennium. A primary driver of that growth is 
the realization of “Moore’s Law”, whereby the number 
of transistors in an integrated circuit doubles approxi-
mately every 2 years with an associated increase in 
circuit functionality, reduction in operational power, 

and a reduction in unit cost. Th is, in turn, leads to 
an increased market demand for consumer products 
containing silicon integrated circuits, such as personal 
computers, mobile phones, and other electronic devices.

As an economic consequence, the silicon wafers 
used in the manufacturing processes to produce the 
silicon chips have undergone a diameter increase 
approximately every 10 years to improve throughput 
and reduce manufacturing costs. Silicon wafers 
that have been used in high volume manufacturing 

From left to right: Bernie Capraro, EU Research 

Programme Manager, Intel Ireland (co-author of the 

EEMI450 White Paper); Neelie Kroes, Commissioner 

for the Digital Agenda and Vice-President of the 

European Commission; Rob Hartman, Director 

Strategic Technology Program, ASML (member of the 

EEMI450 initiative); Bas van Nooten, Director European 

Cooperative Programs, ASM International (chairman of 

the EEMI450 initiative); and Heinz Kundert, President, 

SEMI Europe.

The move to 450mm: 
Europe’s perspective

Th e European Equipment and Materials 450mm Initiative (EEMI450) 
provides Europe’s perspective on the transition to 450mm wafers

450MM
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processes range from 1-inch diameter, to the current 
state-of-the-art diameter of 300mm (11.8- inch, 
usually referred to as 12-inch). During this wafer size 
evolution, the ever increasing complexity of the supply 
chain of semiconductors has, and continues to demand, 
an increasing involvement from materials suppliers 
and equipment manufacturers.

Tier 1 initiatives

Th e next silicon wafer size is destined to be 450mm 
(18-inch), and activities are currently underway 
amongst the Tier 1 Semiconductor Manufacturing 
Companies, Intel, Samsung, TSMC and others, to 
prepare for manufacturing using this next wafer size 
in the second half of the current decade. In order for 
this to happen, a plethora of technological break-
throughs are required from the Equipment and 
Materials organizations, beyond a simple scale-up and 
extension of current technologies. Th is represents 
a global challenge as these organizations operate in 
all regions of the World. Th e European Equipment 
and Materials organizations therefore have a key 
role to play in this activity. By taking this initiative 
to be involved in this next wafer size transition, they 
will have the opportunity to establish share of the 
450mm equipment and materials market.

Why the transition to the next generation 
wafer size? Th ere is one fundamental and compelling 
question to be answered at each of the semiconductor 
manufacturing industry’s wafer transitions; from the 
very early 2-inch diameter and less generations of the 
1950’s and 60’s, through the 3-inch and 4-inch of the 
1970’s, the 5-inch and 6-inch of the 80’s, the 200mm 
(8-inch) of the 90’s, the 300mm (12-inch) of the 2000’s, 
and now the 450mm (18-inch) generation expected in 
the second half of this decade and second century of 
semiconductor manufacturing. Th at question is: Why is 
a 50%-diameter increase in semiconductor processing 
platform needed about every decade? 

As with the previous wafer size transitions, the 
move to 450mm is largely driven by the produc-
tivity, environmental, and economic challenges of the 
semiconductor industry as it continues to evolve. In 
particular: 
• Th e number of semiconductor manufacturing fabri-

cation facility (“fab”) construction projects must 

be sustainable based on both its manufacturing 
complexity and environmental impact;

• Th e productivity and thus the economic feasibility 
of semiconductor manufacturing costs must be 
preserved [normalized for analysis purposes as 
cost per square centimeter (cost/cm2)] in the face of 
continuous and exponentially increasing manufac-
turing facilities, equipment and materials costs. 
Th ese costs are driven by the technology investments 
required to meet customer expectations for the 
doubling of functionality and performance approxi-
mately every 2 years, as defi ned by Moore’s Law.
If we look at the data governing the volume of 

silicon shipped during the history of the semiconductor 
industry (based upon the SEMI® silicon shipment 
history), we can see that, historically, the baseline 
demand compound annual growth rate (CAGR) is a 
constant 7.6% since 1993, and prior to that was 15%, 
with periodic cycles around 2inch, 4inch, 6inch and 
8inch silicon wafers used in semiconductor manufac-
turing processes these core rates. Th ese major business 
cycles have occurred with a 7 to 8-year periodicity, with 
a minor “slowing” cycle in between the major cycle 
trough and peak.

Another factor aff ecting the growth rate of the 
industry is the overall downward trend of the Average 
Selling Prices (ASPs), which in eff ect has turned what 
used to be luxury electronic devices into commodity 
goods for the general public. 

At a CAGR of 7.6%, the amount of silicon shipped 
for all types of electronic products such as memory, 
microprocessors, and other specifi c logic devices would 
double in less than 10 years. Th is would therefore 
require new factory capacity to sustain such growth. 
In previous wafer size generations, this has led to 
the adoption of the next-generation wafer size in 
order to reduce the number of factories to be built 
and sustained. Th erefore, at some point in the future 
along this demand curve, despite any future possible 
industry consolidation, it will become more economical 
for chip makers to build one 450mm factory rather 
than two 300mm factories. 

When the cycle-based demand growth is applied 
to the ISMI Industry Economic Model in a scenario 
without the 450mm wafer generation, the number of 
300mm equivalent 35K wafer starts per month (wspm) 
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fab capacity increments rises to above 500 fabs, for 
all wafer generations, by the middle of this decade, 
and to above 600 fabs into the next decade. Based on 
this model, the level of fab capacity in any one wafer 
generation would rise to a level unprecedented in 
history, and create untenable challenges for companies 
required to meet the anticipated customer demand 
associated with many diff erent products. With further 
potential industry consolidation, and therefore new 
factory builds resting with fewer companies, these 
challenges become even more critical.

Even if the size of an individual company’s actual 
site (versus normalized 35K wspm equivalent incre-
ments) grows to take advantage of scale, the pressures 
upon the company resources for personnel, training, and 
facility infrastructure will be challenging even under the 
300mm-only scenario. In addition, the environmental 
impact of water usage, sewage effl  uent, and effi  cient 
materials and energy usage will be far greater on a per 
square centimeter basis, as demonstrated by the 300mm 
wafer generation’s own history during the 200mm to 
300mm transition from 2001 -2010.

Another consideration in the absence of 450mm 
manufacturing would be the number of incremental 
new 300mm fab additions required to support the 
growing semiconductor market. Th is would be greater 
than the number of 450mm facility builds required, 
and hence could increase the number of annual build 
projects above the historic steady and sustainable level.

A 450mm roadmap

Looking from a cost perspective, historically, the 
cumulative cost per transistor benefi t, weighted across 
all product types (with memory functionality most 
heavily weighted) resulted in a compound reduction of 
cost per function of -29% per year. Th is reduction was 
a combination of doubling the functionality in a square 
centimeter every two years (as per “Moore’s Law”) and 
keeping the cost of manufacturing for that square 
centimeter approximately fl at. Th e benefi t of a new 
wafer size generation’s productivity has been estimated 
in the past by “resetting” by a 30% cost reduction every 
10 years the ~3-4% /year exponentially increasing costs 
due to technology cycle upgrades and insertions, e.g., 
copper interconnects replacing aluminum.

Although not necessarily desired, the ITRS has been 

anticipating a slowdown in the rate of the technology 
cycle from 2 years, to 3 years, resulting in a slowing of 
the functional density in a square centimeter. In the 
absence of a 450mm productivity solution, the net 
slowdown eff ect upon the combination of the slower 
density and the higher cost per square centimeter 
results in only a -27% average cost/transistor reduction 
rate. Th is may appear to be a minor eff ect, but over 
the 2006 – 2024 timeframe, the slower rate produces 
a cumulative ~1 trillion dollar productivity diff erence 
impact without the 450mm wafer generation produc-
tivity gain. (In order to arrive at this statement, an in 
depth analysis should be performed per product type, 
taking in to account certain industry specifi c details e.g. 
EUV introduction, initial high cost of 450mm silicon 
and Flash cost growth due to 3D layer implementation. 

Th e ability to extend Moore’s Law into the future 
is dependent upon the development and production 
of new semiconductor manufacturing equipment. 
Th e operating costs associated with the silicon IC 
manufacturing Industry are heavily dominated by the 
cost of the equipment depreciation and maintenance. 
Th erefore, by providing a new generation of processing 
equipment for 450mm silicon wafers, IDM, Foundry 
and OEM organizations are set to benefi t in the future, 
and enable the sustained growth of the Industry. 

Th ere exists an outstanding benefi t for European 
Equipment and Materials manufacturers to pool their 
eff orts, to get support by Public Authorities at European 
and National level on their fi rst steps into this required 
research and development. Th us, not only the 450mm 
technology will become a success story, but also the 
next generation of 300mm equipment and the More-
Th an-Moore fabs will have strong benefi ts, resulting 
presumably in safeguarded employment and in several 
thousands of new, high quality jobs across Europe. 
Perhaps to reduce risk, innovations on 300mm equip-
ments and then scale up to 450mm may be a sometimes 
preferred route for both OEMs and IDMs, and subse-
quent process technology development on 300mm 
wafers, then scale up, a cheaper approach for IDMs to 
follow. Th e presence of an appropriate supply chain, 
and of customers of 450mm processed wafers, could 
be an invaluable attraction to maintain semicon-
ductor production in Europe and to consider Europe for 
additional 450mm fabs.  �
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PECVD for displays
Applied Materials, Inc. announced new PECVD fi lm 
technology to produce higher-performance, high-
resolution displays for next-generation tablet comput-
ers and TVs. Available on the company’s AKT-PECVD 
system, these advanced insulating fi lms enable the use 

of metal oxide-based transistors that produce smaller, 
faster-switching pixels to create higher resolution 
screens preferred by consumers. Applied’s new PECVD 
fi lms provide a dielectric-layer interface for metal oxide 
transistors that minimizes hydrogen impurities to im-
prove transistor stability and deliver optimized screen 
performance. Th ese high-quality silicon oxide (SiO2)
fi lms can be deposited by the AKT-PECVD system with 
precise uniformity on sheets of glass up to 9m2 in size - 
a capability that is critical to achieving high production 
yields and low manufacturing costs. In addition to its 
new PECVD fi lms, Applied is currently developing ad-
vanced PVD solutions, including IGZO deposition, for 
metal oxide manufacturing. Applied Materials, Santa 
Clara, CA, www.appliedmaterials.com.

MEMS relays for test
Advantest Corporation began producing micro electro 
mechanical system (MEMS) relays, designed for use in 

semiconductor testing 
equipment, high-speed 
communications devices, 
high-frequency wave 
measurement equipment 
and their components. 
Mass production will begin in January 2013. Advantest 
manufactures the MEMS with its proprietary deposi-
tion technology, creating 1μm-thick piezoelectric fi lm. 
Th is enables a smaller form factor and lower actuation 
voltage (12V) compared to high-frequency wave relays 
using electromagnetic or electrostatic actuation. Th e 
MEMS device is available in 5.4 x 4.2 x 0.9mm or 2.9 
x 3.4 x 0.9mm form factors. Th e MEMS are not easily 
aff ected by ambient static electricity, like electrostatic 
relays. Advantest, Tokyo, Japan, www.advantest.com.

Wafering tool 
Wafering tool supplier Silicon Genesis (SiGen) devel-
oped its second-generation production system for 
fabricating thin-silicon solar wafers, as well as high-
brightness light-emitting diode (HB-LED), and 3D 
semiconductor packaging wafers. Th e system tailored 
for silicon, GaAs, germanium, SiC, GaN and sapphire 
materials. Th e new GenII PolyMax system targets high 
volumes, aiming to replace wire wafer saws with a kerf-
free wafering tool. Th e system creates thinner wafers 
than are possible with wire-based slicing. Th e proton 
beam-induced wafering design was created over 6 years 
with numerous equipment and solar cell partners. 
Silicon Genesis, San Jose, CA, www.sigen.com.

Resist coat and develop platforms
SUSS MicroTec launched the RCD8 manual resist coat 
and develop platform for R&D and low-volume use in mi-
cro electro mechanical system (MEMS), semiconductor 
packaging, light-emitting diode (LED) and other applica-
tions. Th e RCD8 can convert from a spin coater, with the 
proprietary GYRSET closed cover coating technology, to 
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a spray developer. Th e convertion takes minutes. Install 
options range from basic manual operation to semi-auto-
mated to puddle & spray developer. Processes developed 
on the manual RCD8 are easily transitioned to a SUSS 
MicroTec production tool. Th e RCD8 combines SUSS’ 
multiple dedicated Delta Series tools that served specifi c 
applications in MEMS, advanced packaging, and LED fab 
or the R&D market. All necessary coating and developing 
processes for these applications are incorporated. SUSS 
MicroTec, Garching, Germany, www.suss.com.

High voltage system SourceMeter
Th e Model 2657A is optimized for high voltage appli-
cations such as testing power semiconductor devices, 
including diodes, FETs, and IGBTs, as well as characteriz-
ing newer materials such as gallium nitride (GaN), silicon 

carbide (SiC), and other 
compound semicon-
ductor materials and 
devices. It is also useful 
for characterizing high 
speed transients and 
performing breakdown 
and leakage tests on 
a variety of electronic 
devices at up to 3,000V. 

Like the rest of the Series 2600A family, the Model 
2657A off ers a highly fl exible, four-quadrant voltage and 
current source/load coupled with precision voltage and 
current meters. Keithley  Instruments, Cleveland, OH, 
www.keithley.com.

Gas and ancillary asset 
 management  system
Th e Lasso System is a customer centric supply chain 
and inventory management system capable of monitor-
ing the location and operating status of gas products 
and other highly valued assets in real time. Th e system 
combines RFID and pressure monitoring technology 

designed for monitoring the inventory, movement and 
operating pressure of compressed gas cylinders. Th e 
Lasso operating software is optimized for reporting crit-
ical parameters of interest to users of compressed gases 
and has intelligence for generating gas cost and usage 
analytics to facilitate gas management decisions aimed 
at reducing aggregate gas costs. Matheson, Montgom-
eryville, PA, www.mathesongas.com.

Parametric test system upgrade
Supported by the latest version of 
Keithley Test Environment software 
(KTE V5.4), the S530 can now be 
confi gured for 48-pin full Kelvin 
switching and with new integrated 
options for pulse generation, fre-
quency measurements, and low 
voltage measurements. Th ese new 
capabilities allow S530 systems to 
address an even broader range of 
production parametric test applica-
tions with one high speed, cost-
eff ective test solution. A new high speed, high resolu-
tion oscilloscope option supports ring oscillator testing 
over a broad frequency measurement range. Keithley 
 Instruments, Cleveland, OH, www.keithley.com.

Test tools suit ASSP, RF test
ATE provider LTX-Credence Corporation released 
the Diamondx test platform for application-specifi c 
standard products (ASSP) and the DragonRF for radio 
frequency (RF) devices. In addition, LTX-Credence 
launched a SerDes test instrument and new testing 
software. Th e Diamondx tool increases tester through-
put, off ers better multi-site test capability, and has 
lower capital expenditure and operations costs than 
comprable tools, according to LTXC. Th e tool boasts 
a small footprint with an energy-effi  cient, air-cooled 
 design. LTX-Credence, Norwood, MA, www.ltxc.com.
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ETCHING

the three pumps. Like etch rate uniformity, the wafer- 
to-wafer uniformity is also higher for the D1 pump 
owing to the high frequency of pump pulsations. Th ere 
is no signifi cant diff erence between the D2 and MLC 
pumps. In short, the MLC pump operated in swing 
mode is preferred for single wafer etching process as it 
shows high etch rate with lower etch rate uniformity.

Conclusion

Etching experiments using three diff erent pumps (a 
MLC pump and two diaphragm pumps, D1 and D2) 
were conducted. In a batch type bath, the etch rate is 

higher for the D2 pump, and lower for D1. For MLC 
pumps, the value is in-between. However within-
wafer uniformity is higher for D1 pump followed by 
D2 and MLC pumps owing to the high frequency of 
pump pulsations. Both within wafer uniformity and 
wafer-to-wafer to uniformity are lower for MLC pump 
when compared to the other two pumps. Th is is mainly 
because of continuous and smooth fl ow exhibited by 
the MLC pump. In a single wafer tool, the etch rate is 
higher for MLC pumps when compared to diaphragm 
pumps. Also, the etch rate uniformity is lower for MLC 
pumps when operated in a swing mode. Th us, the lower 
etch rate uniformity could be achieved with MLC pump 
both in conventional wet bath and single wafer tool 
without aff ecting the etch rate. �

Suggested additional reading 

1.  F.C. Chang, S. Tanawade and Rajiv Singh, Effects of stress-induced 

particle agglomeration on defectivity during CMP of low-K dielectrics, 

Journal of The Electrochemical Society, 156 (1), H39-H42, 2009. 

2.  R. P. Venkatesh, J-S. Lim and J-G. Park, Random yield loss during 

wafer cleaning, Solid State Technology, 54(4), 16-18 &23, 2011.

FIGURE 8. Wafer to wafer uniformity for various pumps.
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Advanced packaging in the new decade
is a power struggle emerging between some foundry players and the IC 
package contract and assembly test houses on who will do the assembly of 
die on silicon interposers. Th e discussion focuses on who will bear respon-
sibility for certifying reliability if the foundry builds the interposer and 
assembly of that interposer is done at the packaging house. Th is will be 
more interesting to watch than a Japanese Noh play, but maybe the moves 
won’t be so subtle.

Not only is the assembly process important, but materials also play an 
increasingly critical role. Packaging and assembly of low-k and ultra low-k 
wafers has been an important topic of discussion at many recent confer-
ences held by organizations such as IEEE CPMT and IMAPS. Presenta-
tions have discussed methods to minimize the potential for extreme 
low-k (ELK) delamination in fl ip chip packages with work focused on the 
design of the UBM structure, stress buff er layer materials, and types of 
substrates. Wire bond packages can also be impacted by the used of ELK 

materials in device fabri-
cation and many companies 
are studying assembly and 
material requirements to 
solve potential issues. 

Assembly of integrated 
circuits fabricated at the next 

silicon technology nodes will require changes in materials or new formula-
tions of materials to handle the stresses of the future devices. Trends in 3D 
packaging indicate that new developments in materials and processes are 
likely to be required. Reliability concerns may change the type of bumps 
used, the underfi ll materials, substrate materials and construction. 

Th e semiconductor packaging materials business also counts for an 
increasing amount of the revenue associated with the industry. Th e recent 
Global Semiconductor Packaging Materials Outlook published by SEMI and 
TechSearch International indicates that the market for semiconductor 
packaging materials was more than $22 billion in 2011 and is expected 
to grow to almost $26 billion by 2015. Th is includes organic substrates, 
leadframes, bonding wire, mold compounds, underfi ll materials, liquid 
encapsulants, die attach materials, solder balls, wafer level package dielec-
trics, and thermal interface materials. 

Many IC makers have noticed that the cost of packaging devices is 
increasing rapidly, impacting margin and revenue. Choice of packaging 
solutions in the next decade will require careful cost/benefi t analysis. 
Co-design of IC and package will no longer be a cute phase mentioned in 
PowerPoint slides, but a topic of serious discussion at any IC maker that 
plans to be successful in the next decade. �

In the last decade, advanced 
packaging has emerged as an enabler 
of today’s electronic products. Th e 
impact of packaging, assembly, 
and test is increasingly felt in the 
semiconductor industry and package 
selection is important to the success 
of the end product. Th e industry 
has seen a package evolution in the 
past 10 years and the road ahead 
may require a package revolution. 
Issues for future packaging include 
handling and assembly of devices 
with low-k and ultra low-k dielec-
trics, especially with Pb-free bumps 
and fi ne pitch bumps such as copper 
pillar. When the fi rst low-k wafers 
were shipped from the foundry 
to assembly houses, the same 
assembly processes and materials 
were used. No one realized that 
stresses in the assembly process 
would cause delamination within 
the IC structure that would result 
in reliability problems causing 
devices to fail. Because no one gave 
much thought to the assembly 
process, companies missed revenue 
shipments. Assembly and packaging 
houses scrambled to study the 
problem and eventually made 
process changes and adopted new 
formulations of materials such as 
underfi ll and mold compounds.

Fast forward to today. Th ere 

“The industry has seen a pack-
age evolution in the past 10 
years and the road ahead may 
require a package revolution.”
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