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New built Failure Analysis L aboratory in ONPY

Previous activities on moving Laser cutter and
installing new photoemission microscope,
described in previous issues of ON Semi
News, gives the foundation for growth of a
new in-house Failure Analysis laboratory in
ONPY. This laboratory is named Electrical
Failure Analysis Lab and is located in the
ONPY2 clean room right next to epitaxy and
KLA (T149). The room was created from old
wafer storage and extended by part of epitaxy
area (was described in previous issue of ON
Semi News). The laboratory is focused on
looking for fails and failures in semiconductor
devices and structures which are produced in
ONPY1, ONPY2 and in other ON Semi
locations (Roznov, etc.). Failure Analysis
(FA) is the process of determining how and
why a semiconductor device has failed. The
FA results are used to give feedback to

EFA Laboratory, ON Semiconductor Piestany

In the past ONPY engineers were sending
failed material to Phoenix PAL. Disadvantage
was cycle time, because it requires time for
transport and analysis. The own analysis was
limited by priorities, because Phoenix PAL
was and is solving most of customer returns
for whole ON Semi. In order to minimize
analysis cycle time, the EFA laboratory was
built. Today, EFA Lab covers most of
analyses for ONPY2 and ONPYL1.
Additionally, cooperates with other PALs
(Phoenix, Roznov) and supports Roznov's
Design Center (EFA Laboratory was
introduced to RDC two weeks ago).

Thanks to investment from the last year the
laboratory  offers numerous analytical
techniques such are laser cutting, electrical
measurements with probe heads, probe cards,
microprobes, DC, Impedance, C-V, C-t

process engineering so that process issues can measurements, localization of hot spots by

be eliminated leading to ultimately improve
yields.

Obr."1. Pracoviskoifotoemisnehoimik

Similar laboratories exist within ON
Semi in Phoenix, Roznov, Seremban, Leshan
and OSPI.

use of liquid crystals and several others.
The Laser cutter built in ONPY is a unique
tool within ON Semi. This equipment offers
simultaneous laser cutting with parallel
monitoring of DC characteristics and
application of liquid crystals. For instance
such ability is used for laser marking of hot
spots in large structures (e.g. capacitors) for
further cross-sectioning. More information on
this equipment can be found in page 11 of ON
Semi news 4/2006 and in [1].

Photoemission microscope Phemos-
1000 (Fig.1) was purchased from
HAMAMTSU this year in basic configuration
with cooled CCD camera. This tool is used
for localization of leakages in
semiconductors; this practically means that
the tool is able to localize areas where
photons are generated from the sample as
result of current flow. This can be used for
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detection of forward, reverse biased PN
junctions, breakdowns in oxides, PolySi
filaments, insufficient Metal-PolySi contacts,
hot electrons (MOSFETs in saturation
region), and several others.

Obrs2:4EotoemisiagP

Unfortunately, photoemission cannot
be used for detection of leakages between
metal lines or doped PolySi lines which are

formed by insufficient etch, particle
contamination, etc.
However, such leakages can be

detected by liquid crystals though there is a
limitation on the minimal power consumed by
sample under test and is usual in the mwW
range. If the leakage is less liquid crystals are
not usable.

Due to compact construction of
Phemos-1000 it is possible to upgrade this
tool with laser scanning and OBIRCH
(TIVA/XIVA) analytical technique. OBIRCH
(Optical Beam Induced Resistor Change) [1]
has high sensitivity to detect and localize
leakage sites within integrated circuits and is
stil missing in the EFA Laboratory.
Principally in this analytical technique, the

laser beam locally heats and scans over the &

sample with recording of resistance change.
The result of such scan is imaged with

OBIRCH centers (similar to photoemission
imaging).

Based on current experience OBIRCH
/ TIVA | XIVA is an indispensable technique
for covering FA analysis in ONPY.

Photoemission and OBIRCH are
nondestructive analytical methods applicable
from front side as well as from back side
(Fig. 3) of semiconductor sample. More
information can be found on EFA Lab
internal web page [1]. The samples under
photoemission are biased by DC
Measurement Rack, which includes several
DC sources and Curve tracer. This option is
applicable for integrated circuits (ICs) with
lower count of required biases. For more
difficult ICs the DTS Il tester is currently
installed in EFA lab. Besides the mentioned
tools, Leica microscope found in ONPY stock
is recalled. Further plans on this tool is to get
UV mode or Laser scanning to increase
resolution (practical achievable
magnifications are 15k-25k) and go far behind
regular optical resolution (typically 2k). Such
an upgrade is requiring finances and we hope
it will be possible in the future.

EFA laboratory cooperates with
defectivity group, which covers activities on
FIB (focus ion beam) cutting, SEM (Scanning
Electron Microscope) inspections, EDX
(Energy-dispersive  X-ray  spectroscopy)

analysis and several others.

7 : <l

- ' e o, OB Ackside fotoer;ﬁsia, deta{;\:‘

Generally speaking in EFA Lab the
problem is localized within investigated
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sample giving a notice to FIB, SEM, etc
where to look for physical root cause.

It needs to be noted that equipment
connected with sample preparation and
treatment (FIB, SEM, SELA, ALLIED, and
others) is necessary part of each Failure
Analysis Laboratory. However, Failure
analyses are currently covered by a single
engineer, importance of the lab and its
addition are reflected in solving of numerous
issues for ONPY2, ONPY1, etc. These
analyses are documented in EFA reports and
up to today more than 14 such reports were
created. Several of them can be found directly
in [1] as examples for individual analytical
techniques.

For accessing of information on new
ONPY EFA Laboratory, the internal web
pages were created, the address is
http://onpy.onsemi.com/efaOn these pages
you can find EFA Lab details, plans, available
tools, techniques with examples and
explanations. Also there are listed activities
(trainings, seminars, workshops, etc.), results
of Internship students who worked in EFA
Lab. For instance results on characterization
of photoemission of MOSFET (see section
“Others” for mentioned results) performed by
M. Ziga, who attended internship program in
this year. In this place | would like to thank
Peter Blecha for his great job on
programming of the EFA Lab web pages,
Radoslav Derdak for IT support and Dave
Lundeen for language support.

For education purposes for our
engineers several books focused on FA were
purchased (list can be found in section
“Other” in [1]). The books are available for
ONPY engineers in the Device library [2].
EFA support can be request by form located
in section ,Analysis Request’. This is
preliminary solution, with plan to be part of
PAL society, by sharing PAMS (Product
Analysis Management System) designed by
PAL Phoenix and used by other PALs
(Roznov, OSPI, etc.)

There is a plan to extend EFA support
for external customers such are Semikron
Vrbove, AMI Semiconductor and others.

It is important to think into the future
and look for opportunities to extend analytical
techniques in EFA laboratory, at least by
mentioned OBIRCH or TIVA respectivelly
others.

At the end of this article | would like
to wish you Merry Christmas and Happy New
Year 2008.

Literature
[1] Internal EFA Laboratory ON Semi web pages
[2] Device library (Owner: Process Integration)

Valentin Kulikov
Process Integration Group
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Novovytvorené analytické laboratérium pre Hadanie chyb a poruch v polovodioch
EFA Laboratérium, ON Semiconductor PieStany

Uz v minulom¢lanku boli spomenuté
aktivity, tykajuce sa inStalacie fotoemisného
mikroskopu atahovania laserového, reza
Toto polozilo zaklad pre vybudovanie

analytického laboratéria pre Tlddanie
a analyzu chyb a porach v polovéovych
integrovanych obvodoch a diskrétnych

Struktarach (z anglického Failure Analysis,
FA). Laboratorium bolo pomenované EFA
laboratériom ,Electrical Failure Analytical

Laboratory“ a nachadza sa v miestnosti T149
ved’a epitaxie a KLA, ktora bola vytvorena

z byvalého skladu dosiek  (popisané
v minulom ¢isle ON Semi novin). Ako uz
samotny  nadzov  napoveda, hlavnym

zameranim laboratéria jelddanie poruch

v polovodtovych obvodoch a Struktarach,
ktoré sa vyrdbajac¢i uz v ONP2, ONPY1
pripadne inych ON Semi lokaciach. Priméarne
sa Hada fyzikadlna ptina, préo dana
polovoditova s@iastka zlyhala, s clem, ¢o

v najkratSoméase odovzdaspatnu véazbu do
vyrobného procesu za ¢€lom eliminécie
opakovania sa chyb, a tym zvySeniu procesnej
vytaznosti.

Obr. 1. Pracovisko fotoemisne

Laboratérid s rovnakym zameranim

existuj vramci ON Semi napriklad vo
Phoenixe, Roznove, Serembane, Leshane
a OSPIl. V minulosti boli ONPY inzinieri,

pocas rieSenia problémov v linke, odkazani na
podporu spominanych laborat6rii. Nefdnig
material sa zwajne zasielal na analyzu do
Phoenix PAL (Product Analysis Laboratory).
Nedostatkom vtomto pripade bokas
potrebny na prepravu materidlu a samotnud
analyzu, ktord bola obmedzovana inymi
prioritami, kel’Ze Phoneix PAL rieSil a stale
rieSi  v&Sinu externych  zakaznickych
reklamécii vramci ON Semi. Aby s&as
potrebny na analyzu vyrazne skratil, atym
znizil mozny ,skrep“, vlinke bolo takéto
laboratérium vybudované priamo na pbéde
ONPY. Vsasnosti EFA laboratérium
pokryva analyzy hlavne pre ONPY2
a ONPY1, prtfom bola nadviazana spolupraca
s PAL vo Phoenixe, PAL RozZnove aje
poskytovana podpora pre RDC (dizajnérske
centrum v RoZnove), kde laboratérium a jeho
moznosti boli prezentované koncom minulého
mesiaca. \Waka investiciam z minulého roka

laborat6rium disponuje mnoZzstvom
analytickych technik, ku ktorym patri
fotoemisia, laserové rezanie, elektrické

merania pomocou kariet, hrotov, mikro-
hrotov ¢i uz DC, C-V, C-t,d’alej lokalizacia
,hot spotov‘ pomocou tekutych krystalov,
a niekdkych dalSich technik. Len pre
zaujimavos vybudovany Laserovy reéZa
v EFA laboratériu je jedinmé zariadenie
svojho druhu v celej ON Semi Kkorporécii.
Toto zariadenie umakije paas laserového
rezania paralelne monitorata elektrické
parametre skimaného obvodu a zafiove
aplikova® tekuté krystaly. Laser je taktiez
mozné pouii na oznaenie miesta, kde je
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detekovany ,hot spot* (pri ponechani
tekutych kryStalov na povrchu vzorky).
Takéto laserové zdanie (laser marking) sa
s vyhodou pouZiva pre neskorsie rezy, lomy,
Struktirami  oznéované  ,cross-section”.
Viacej informécii o tomto zariadeni je mozné
najs’ v ON Semi novinach:.4/2006 str. 11
av[l].

EesmeenObta 2. Fotoemisia PNﬂ@!ic&dy

Fotoemisny mikroskop (obr. 1) bol
zakupeny od firmy HAMAMTSU tento rok,
ato v zakladnej konfiguracii s chladenou
CCD kamerou. Toto zariadenie sa pouziva na
detekciu a lokalizaciu fotoemisnych centier,
¢o v praxi znamend, Ze séadaju miesta, kde
sa vyzaruju fotébny zo skumanej vzorky,
vplyvom pretekajuceho elektrického pradu.
Tento jav je mozné priroviiak LED diéde
(Light emiting Diode), ale vtomto pripade
fotoemisu pozorujeme n&jstejSie v blizkej
infracervenej oblasti (NIR, s vinovouiikou
okolo 1100 nm) a pet vyZiarenych fotonov
je zanedbaime maly VvV porovnani
s komeénou LED. Fotoemisiou je mozné
najs’ napriklad zvody v PN prechodochdvi
obr. 2), prierazy v oxidoch, saturované
MOSFET tranzistory, nedokonalé kontakty
metal-PolySi a pod. Bohuiafotoemisia je
nepouziténa pre pripady tykajluce sa zvodov
medzi metalovymi linkami, silne dopovanym
polySi, ktoré vznikaju napriklad

nedoleptanim, kontaminaci@asticami a pod.
Cag takychto zvodov je moZné néjs
pomocou tekutych kryStalov, kde limitaciou je
minimalny prikon do vzorky, ktory musi ty
vys8i ako 1mW (Tc~30°C). Pre nizSie
prikony, pripadne distribuované ,hot spoty*
su tekuté kryStaly nepouzZited. \daka
kompaktnému rieSeniu  PHEMOS-1000 je
mozné tento mikroskop roz§irio laserové
skenovanie a OBIRCH techniku [1].
OBIRCH predstavuje techniku, ktora
zachytava zmenu odporu vyvolanu lokalnym
ohriatim laserovym KkKom avhodnu pre
hradanie zvodov v metalovych ainych
vrstvach, pre ktoré nie je mozZné pauZi
fotoemisiu. Na zaklade doterajSich skldsenosti
vyplyva, Z2e OBIRCH je nevyhnutnym
analytickym néastrojom, ktory chyba v EFA
laboratoriu.  Fotoemisia a OBIRCH su
nedesStruktivne metdédy aje ich mozné
realizova  z aktivnej  (vrchnej  strany
siastky) ataktiez zo strany substratu
(ozna&ované backside, di obr. 3). Viacej
informacii olfadom fyzikdlneho principu
bude moZzné n&s na strankach EFA
Laboratoria [1]. Ako uZ bolo spomenuté, aby
bolo mozné fotoemisiu pozorofa musi
skumanou vzorkou ti€eelektricky prud. Toto
je zabezp&né dalSim zariadenim v EFA
laboratériu oznéenym ,DC Measurement
Rack”. Toto zariadenie obsahuje niéko
zdrojov jednosmerného napatia,
Charakterograf dalSie meracie pristroje,
ktoré postauju na napajanie jednoduchych
obvodov. Pre zloZitejSie obvody, ktoré
potrebuju vasi paet napdjacich zdrojov sa
v sitasnosti inStaluje DTS Il tester. Okrem
spomenutych zariadeni sa v EFA laboratoriu
oZivuje Leica 1000 mikroskop, ktory sa ziskal
z ONPY skladu. Dlhodobym planom je
rozSirt’ tento mikroskop o UV mad, s ktorym
je mozné zvy$i dosahovatiné zvéSenia az
na 15 az 25 tisickratto prinaSa podstatné
zlepSenie v porovnani s viditeym spektrom,
kde bezné mikroskopy dosahuju optické
zv&Senia do 2000x. Bohu#ia takéto
rozSirenie  mikroskopu nie je moZné
realizovd zo skladovych zasob v ONPY,
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preto sa tato aktivita nezaobide bez fifrag)

podpory. EFA laborat6rium Gzko
spolupracuje s defektivity skupinou, ktora
pokryva ulohy tykajuce sa spominanych
.cross-section“, FIB (rezania fokusovanym

iGnovym liEom), SEM (skenovaci
elektréonovy mikroskop) inSpekcie, EDX
(Energy-dispersive  X-ray  spectroscopy)

adalSie.

Jednoducho povedané, v EFA
laboratériu sa wuje miesto v integrovanom
obvode, kde treba pozéra Hada fyzikalny
problém. Je to ni® ako Wada’ ihlu v kope
sena, ale pomocou technik v EFA laboratoriu
tuto prislovénd ihlu je mozne nafs
v rozumnoméase. Je potrebné podotkinie
zariadenia ako FIB, SEM, EDX dalSie,
ktoré suvisia s pripravou a inSpekciou vzoriek
su nevyhnutnou s$agou kazdého FA
laboratéria pre wovanie fyzikalnej priiny
zlyhania daného obvodu alebo Struktary.

Aj napriek tomu, Ze su analyzy
pokryvané v séasnosti iba  jednym
analytikom, nevyhnutna@’slaboratoria a jeho
prinos sa odzrkddju na rieSeni problémov
pre ONPY2, ONPY1l, RDC, ktoré su
zachytavane v zavefeych spravach, ktorych
sa do dnesnéhond nazbieralo viac ako 14.
Niektoré z nich su uvedené ako priklady
k nahliadnutiu na strankach EFA laboratoria
[1]. Pre spristupnenie informacii o
moznostiach tohto nového EFA laboratéria
bola vytvorend internd internetova stranka,
ktorda je k dispozicii na adrese [1]
http://onpy.onsemi.com/efa

Na tejto stranke je mozné ziskaformécie o
vybaveni laboratoria, prikladov jednotlivych
analytickych  technik,  aktivit v EFA
laboratériu (seminarov, Skoleni prezentécii,
internship) afalSich. TaktieZ na strdnkach je
mozné najs vysledky internship Studentov,
medzi ktorych tento rok patril M. Ziga, ktory
potas dvoch mesiacov pracoval na
charakterizacii fotoemisie. Do vysledkov jeho
stdZze je mozne nahliadhw sekcii ,other”

v [1]. Za vytvorenie tejto internetovej stranky
patri waka Petrovi Blechovi za vybornu
programatorsku pracu, Radoslavovi
Derdakovi za |IT podporu a Davidovi
Lundeenovi za jazykové korekcie.

Za elom rozsit vedomostnu bazu
bolo pre device kniznicu zakupenych
nieka’ko knih zaoberajucich sa tematikou FA,
zoznam odbornej literatary je uvedeny v [1]
v sekcii ,other”, preom knihy su k dispozicii
pre ONPY inzinierov v kniznici [2]. EFA
analyzu je mozné vyziada pomocou
formularu zverejneného na strdnkach EFA
laboratoria v sekcii ,Analysis Request”, tento
bude v buduicnosti nahradeny novym request

systémom  vyvinutym v PAL  Phoenix
a pouzivanym vSetkymi ON semi PAL, pod
nadzvom PAMS (Product Analysis

Management System). Zardvge planované
rozSirt podporu EFA laboratéria pre
externych zdkaznikov ako napriklad Semikron
Vrbové, AMI Semiconductor dalSich.

V buducnosti je potrebné sa zamera
na rozSirenie analytickych technik v EFA
laborat6riu predovSetkym o OBIRCH
pripadne ekvivalentnd (TIVA, XIVA)
techniku, ktora sa nezaobide bez fiag)
podpory.

Na zaver tohto prispevku by som chcel
vSetkym kolegom popria veselé sviatky
a Yastny novy rok 2008.

Literatira
[1] Interné ON Semi stranky EFA Laboratéria
[2] Device kniznica (Process Integration)

Valentin Kulikov
Process Integration Group
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