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Electrochemical etching of tungsten probe for microelectronics
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ABSTRACT

Microelectronics probe is main of electrical properties testing, because micro
probe properties are parasitic of resistance or capacitance in electrical characteristic.
The best probe has not noise for measuring or lest noise as it can. The result of
electrochemical etching by electrolyte such as hydrogen fluoride or potassium hydroxide
are: the best of metal electrode is gold wire in ring shape, stainless electrode is potential
corrosive by electrolyte, the best position of electrode is surface of solution,
electrochemical polishing can do by put tungsten in deep of solution, long probe (L) is

used low bias voltage (3 V. 150mA), diameter of porbe (D,) is used by high bias

voltage(13V 1000 mA) and resistance of tungsten probe is very low (~0 ).
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M = M + ne (2.6)
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sandadulEenilu Uffzeualusn (Anodic reaction)
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ZONE A ZONE B ZONE C
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g G

Current (arb.unit)
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Potential (arb.unit)
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[Metal interconnect structureJ

e }

} Metal stack mterconnect

Via interconnect structure
with tungsten plug

Local interconnect (tungsten)

Initial metal contact

Diffused active region
in silicon substrate

Sub quarter micron CMOS cross section
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Traditional Interconnect Flow

. b L]

Oxide Via-2 etch

Tungsten deposition + CMP

Metal-2 deposition + etch

Dual Damascene Flow

1 ]

Cap ILD layer and CMP

Nitride etch-stop layer
(pattemed and etched)

pEmEgyimiy

Second [LD layer deposition and
etch through two oxide layers
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Copper CMP
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N138ANNE (Adhesion): stasdunsniianiziuguseslffuarinausiauniusm
NsfiAWEN (Deposition) : An"aifinetivsanfauazasinauaiiguuniinn

a4 . L o o < 94
N13@aanwun (Patterning/Planarization): mmmmuumwuﬂummmmn'ﬂm
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Material ' | Meltmg : I _Res_iﬁsti'vity
R Temperature (°C) (1€2-cn)
Silicon (Si) 1412 ~ 10°
Doped Polysilicon (Doped Poly) 1412 8500525
Aluminum (Al ~ 660 2.65
Copper (Cu) 1083 1.678
Tungsten (W) 3417 g
Titanium (T1) 1670 ' 60
Tantalum (Ta) 2996 13-16
Molybdenum Vo) 2620 |
Platinum (Pt) 1772 10

AgAUN (Aluminum)

[
a0 o0 o

lunszuaunsa5199asiTUI A Nas N U IR d N as s ud1eTan = udnsn s g S

I

]
£ a o0

o o @ a o o 1 o IS ]
ﬂﬁ"l'gﬂ N@ﬁL@ﬂ@quulﬂﬁQﬂ N@T’ﬂ\?ﬁqquﬁqquul@wm?ﬂﬂ@ﬂm@fﬂ’ﬂ\ﬁ‘ﬂﬂ salaneiuansnamaung

Aindualusasdudaladuind e lils2avsnmaaasmuaniasae adldsiniauasy

¥
as = as

Aagnagiidinilunesuss usednslsfimuegiidnfifuiugiuaeinisgniduaslutaqiiu

-

7 A% Bonding pad Metal-5
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Metal-4 is preceded by other vias, interlayer dielectric, and metal layers.
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Barrier metal

= Aluminum, tungsten,
copper, and so on
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Qhnug contact
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Technology 023 pm {018 pm | 0.13 pm
Conventional Intercomect Technology:
o 0 +21% +93%
e Al/CulInterconnect Alloy and TiN Barrier Metal
New Technelogy Introduced by Generation: 10%
s Reduced Barrier Thickness e 2279
o  Low-k (3.0) dielectric -16%

* Dual Damascene Cu Intercomect and plugs
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PropeitnymceSs‘ Al Cu
Resistivity (uQ-cm) (3.2 for ifg 5%Cu) 1.678
Electromigration resistance Low High
Corrosion resistance (in air) High Low
CVD processing Yes No
CMP (chemical mechanical planarization) Yes Yes

processing
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2.3.2 Tauzguilasnu (Barrier Metals)

a n’: ar ¥ A 1 [ [~3 I 6 =
L7 ﬂuﬂmm’éwiwmu*ﬂmnuﬁﬁalﬁmmmmaqLﬂusfaﬂmmmuiwummmwmm

umusn - Bmisdsanansatlesiunmsunstimnaaniussndnalansiudandun iy nasundans

nasunslutareulaeantas Inadanfitiunlifesdanimsne

Tlasiunsunsaasdanisaasiulss

HAIANNGY

v
o/

= =S = 7 o
Nnnstiannzvisansdiuaaciang
nusan nnannaaniunisin Wi
= < =
Nauanesluguugiige

nusan siaANTauLaZLIAAaan 116



23

Banier inetal
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U7 2.13 Fulans Barrer druiumadung

Y o
Tanzduilasiuuaanasuns (Copper Barrier Metals)
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Waiin1simasuman ilunszuaunisudnudasedaeiina s lanzdutlaeiuiinunzan
AmFunesunsfiastiantiRsn
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1. Ueaanisnisunsrnmadwndls
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2/ = o
ANHANUNIUANANAN

]
=2 < AR
AUTOEANIZANINANRUIBUAZVIBILAS

faNNszLIUNNTIa ldnawaRlER (CMP)

Hasiinuannianavndlsnsniskesai dlugdnsaififlan Aspect ratio gali

o o s o N

= 9 di 7 o £ d' a © d‘
Nﬂ'J’]N‘ﬁu']U’PJEI"] Lwﬂuwammmuu'mmmmanm
Tantalum

/-— Copper

717 2.14 Fulavzlnmfaasimmiinfilavs Barrer &miumaduns

2.3.3 3alda (Silicide)

aa S & i = oI [~ wd’d
Taladiiulansnaniinualoslugamgfigaussiiauimiuan  uazifhlansiis
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Titanum silicide contact
Polysilicon gate

— Titaniuny/ titanmm-
wtride barrier metal

%\ —==Tungsten metal
2\

L 7
AN

\§ Oxide /\ — ﬂ-m\)g Oxide ;/

Siicon substrate

\——-Titanium silietde contact

1% 2.15 fulavzdaladlusassendnsensiatais uaviny

1
aaan

fnsruqunisasisiainnaininaled (nadarauiiininfingisag) wudtaziAianu

Frunnulszann 500 Tulastaiuimusiung Seaznnlfifinal RC f1liinsM1euaa99asd1ad

F9197 2.5 ulnuiauaniiBeesda lisianuaies lunguugiigane 1000 °C

Lowest Eutectic | Typical Forming Resistivity
Silicide Temperature Temperaturel 4
°C) e (p€2-can)
Cobaltfsilicon (CoSiy). 900 550 ~700 10-13
Molybdenum/silicon (MoSiy) 1410 900- 1100 100
Platinum/silicon (PtS1) 830 700 — 800 28-35
Tantalum/silicon (TaSi,) 1385 9001100 35-45
Titanium/silicon (TiSiy) 1330 600 — 800 13-25
Tungsten/silicon (WSiy) 1440 900 - 1100 70
/—'- Titanium polyeide

Polysilicon gate Tlt'uumn silicide

%0(?

- . M

Doped uln.ou

U7 2.16 Fulanglnmmutiauing o
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Welgnandalasufasiasiinisuauiia (Anneal) e liNanuasdanauiisaadudauuy

i c a 4. o ac a all a 4 a ° d‘ Y a o
AUNNN TINTTUIUNITUUNADIIEAD UBUUANB NN (C54) w9a BEUNNNA (C49) ﬁN’ﬁx‘lﬂWﬂﬂ

v o d"
AITHATUNTUAIU

Sintering Resistivity
Temperature
TiS1; — C49
T R R RS 625 -675°C 60 - 65 uQ—cm
800°C 10 - 15 pClcm

'
= a

JUN 2.17 Armdunuaesiulansga los lungamniiueuliase

nezuaunITuaAR lumalulatisemnt VLS waz ULS! HRssiaunIsasIedaanIaaussndng

Source UA¥ Drain Haa&NNINA A MA LA

Reduced sheet resistance

U7 2.18 ausdulanyddladluseaszuninsassatad LaziasuALAN

Reduced contact
resistance

~=Reduced gate to
SiD resistance

~ Reduced diode
feakage
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v
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Falanarunsorinan iiudalavs lFatnamunzansenssuaunssail

- — Spacer oxide
Polysilicon “‘\ . Field oxade
Active silicon
region ) /

1. Active silicon regions 2. Titanmum deposttion
Titanmun-siicen )
reacti jons TiSt
reaction regons e’ e
formation

3. Rapid thenmal anneal ticatment 4. Titanium stup

710 2.19 nszuaunsasisdulanzaalan

&
2.3.4 13lane (Metal Plug)
h‘/l ' 1 aa o :: i g : 4 1 A
lurgagsantiuiinnssiesen s ssndnsdasauiuFulansInaniua uINNINT (H1N97 Mk
o Y :/J a v A ar [ u‘/’ d“d‘ IS b 24 °'
wua i) lugrarvnssunisudalananlansisamuiudalanziiiasaniannufunuAuas

a519luW NN Aspect ratio qeliithatingg

Aluminum contacts Tungsten plugs R Onde-
nside contact holes | SO (deleetric)

(vias) | T

Onade —,
(dhelectric)

METAL 2

Early metallization technique [ Current metallization technique l

1 Contact etch through oxide 1. Thick oxide deposition

2 Aluminum depostion 2. Onde plananization

3 Aluminum etch 3 Contact etch through oxide
4 Barrier metal deposition

5 Tungsten deposition

6. Tungsten planarization

POLYCIDE GATES

319 2.20 dalanzludusineg lwaassu
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1 v
=2

avazaeWlunsioiuiinanesiadessd

- a1saranensalalasvgesia (amaazidanniAuuan)

- asazanelunadanlansenles (asuaziBuanianuan )
mm%Lﬁn’[mm'nﬁmﬁiwﬁ;wuﬁi@m?ﬁmﬁﬂulumsvnmmﬁ yail
- monegiifluinieys

- mmwmumu?qw?;

- AIANEIAN

- AIANSIAITNY

- AIAALAULARA

aaniaduiEgns I dndiE U wANdnanssingeg

@uruAudnan 0.05 mm.

WukUAWENA1 0.1 mm.

WU uAuENa 0.01 mm:

JUV 3.2 masviamaniBgus Twiasine

EUALAUAR

BUNBIUAILITANS

7% 3.3 aBidniasatanzatinsine
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3.2 mawnsanasazaraaianilalan

asazanansalalasvigeasa  lesainnsalalnsvgedse duaisazaneiiaadaiy
47% vol afimudindiunndsfieninnindearsdaeinlaantszq (De-onized water DI ) 1l
prdidu fifasns TauntstinienasaiealauEuNSEUAUNNSAINAZR AR N T LT LY
ansazarsasazarensnlalagasiaideanaiielifneanladiaaresaanieamueanuaztinhl
Sradiatin DI iakeansazattnsalalasgesiaideansean seaniufivinismansazanansa
lalasvigeasn sl luaadiniuail ﬁﬂﬂfq%Lﬁﬂimmfimﬂumm:mansm‘la‘[m‘ﬂ@ﬂﬂ?n wh9anans
?Jaunmmlwﬂﬁfqmnm%‘lﬁﬁu*ﬁyﬂﬂ%%q%ﬁwﬁwm‘fqiam uazilaunszualWiihdaauliiud
aidnlnsafiquagluaisazaransansalalnsvgeesn s?im:fﬁmﬂﬁﬁ?mma‘lw%mﬁﬁ”u FINI
nezuaunsualuladiadu sulsun

- anadinduresansaranenanlalaswgesin

- anuvwdenszua W n 1 lunasua lulad g

- nann M lunnsualuladiadu

fsazaaldsivadanlansanlan a1sTusimadas laasanlamiluaaaundatinnmin 59
g/mol Fepamdindunsesnisie 2 mol A9ldllsmadelansanlasimin 11.2 g azaeluin DI

UFNm3 100 cc.

7UN 3.4 avsazanunselalasvigessa llsmadualansenlasuas Wisgns
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R IWHAIm1979

4 \\
A9 4.1 Raulanismaasy

Seule | usesuluda | nszua AR anernuzdiy (Um)
(v.) (mA) (min.) ANEa (Lp) | dueiuAudnana(Dp)
1 3 150 23 ~1000 ~5
2 5 500 10 ~1300 ~10
3 9 800 7 ~1500 ~15
4 13 1000 2.5 ~2000 ~20




U¥ 4.5 ndanlamuteulad 1

UM 4.6 indanlanutaulan 2

qUT 4.7 dndanlAauteulan 3

JUN 4.8 dindanlsnnieulad 4
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1. Analysis of biological molecules : an introduction to principles, instrumentation and
techniques / Geoffrey, W.H. Potter London : Chapman & Hall, c1995

2. Monk, PaulFundamentals of electro-analytical chemistry / Paul Monk, Chichester : John
Wiley, c2001

3. ARl (Electro chemistry) / gswasd gaammanuwuial , ngamwe : Teifeualng, 2531,

4. Ufme Wi well / GauBadlen Aanwad sanlnua, ngamwe : aneaan’ 5le, 2547,
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Fluorhydric acid or Fluoric acid

Hydrogen ﬂuoridef Etching acid; HF A; Fluorohydric acid; Fluoric acid;
Antisal 2B; Deuteriumfluoride;

® 3. mlsfusslawd (Uses)

- svinae Infaee lsmfueu Mifiummvihmandu sriudin ssuhiva
Aldvhamazmailans gulansgliih Aathannds Fardainih

® 4. svnarauazananfiuiy Crooad d ean

LDgq(an.fon ) - (9 LCeglun - 1276 /1 tl ()
IDLH{ppm) 30 ADi{ppm) : = MAC(ppm) © =
PEL-TWA{ppm) 3 PEL-STEL{ppm) : - PEL-C{ppm} . -
TLY-TWA(ppm) - TLV-STCL(ppm) - B ILV-Clppm) - 3

iy danadsas uinun i ndwandon wu. 2535(npm) -

w3y Lsaorw ww 2535 (ppm) -

W3y, RINANENSAKN W A 2530 pﬁﬂﬁ 1 rﬂﬁﬂﬁ. 2'— T‘\tﬂﬁ 3

Wy Auasseusenn w w2541 (ppm) -

1ady 8 = asudu - fgaa - mmadueny . ¥
won Imadunse w2535 [ ydedt 1 anledl 29 niavi 31 vt 4
wimaun indnssy nw‘ﬂnuqﬂa‘lﬂm
®5. AUANTAMNINMOATHUAZIAN Shooos) o0 Themica boort
#orus o iy 7 - haifid nax IRU wu Tawana - 20.01
amiaa(“s ¥z 20 t_nnanmnnlgmﬁsnuﬁa(ﬁs y:-83
i iz (- 1) 1.0 wrmwinle(pyng=1) 2 0.7

snuwia(mPasec) I -anudnlafun dsan) o 76071 2001‘-

Ogy.

. 0, ’ 5
anuaunsalummzasnn(iu/ 100 va ) 'lﬁéimn 7 = H.oaoailunsmsha(pt) T -

" -
- . 0,
udAs fudaswias | ppm - 0.82 un.hl3 nis 1 Hﬂ.lﬁl3 =122 ppmn 25 qo.

Bauanamaneaniaiay § -

- sviazane 18 luueanaad fviaznudunid azaelddmissTusisad wudu Ingsu hau ez lalanulnau
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® 6. SuaMudBIINIMBNINY (Heaith Effest)

Fudanraminla
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mien maldada tnkadmaduitemnnaangivu tasgadu Tagnviag

- mﬁuuannmum asvi liAan sy duus thaumnbateu nasuualwi st
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AenTondudstl - nﬁnaunmnum'lﬂm‘lmnsuuua'lvm 25U thadmse 1:uuaaumm'mﬂﬂnm Vioatn &

muaih lagnvihas

udagnm - n‘niuuannm a"m'lmnsnmﬂ"mmﬁm u‘:m'lna mum ﬁum uua'lml muaﬂ

maisusts wrmanind e e gyl hlgndmfiumatauzitiuas OSHA, NTP, IARC
-eimzthwang : i ln

@ 7. anummnasmaaal A3 (Staviity ard Reaction

- muAaUgnin : mmlﬂumammu-m“mnﬂgmmwwuaiuuaanm WliAafis fiandeu Tl uassadale
- annsndisananidns : Arnideu wnd thenmeTd

- arirdhinhil4 : sanlysfuadtans laentud Jandallla srlasu Tan: mvmandlad ndeneslan: s

- Susmannmasmedh : maEmedmibiRomimiamiussi e lalanvuges Tid mmawsatasmnama
ui e znsuanlanu Talanau

- fuamennnmialjiienueine : aranidadu lé

@ 8. mmAadafiisuazmMITa (Fin and Explosion)

anawl(Cs ) - - arandnllans(ln) : -

i LEL % - UEL%: 4
NFPA Code :
LFL % : - UFL%: A -
NEPA 704 Codo 9
- @i bidiald

- avsaumi I duunafind mduon laenlud Thizdafiutes vl hbianimnzan
- i ndiuun WMidhbmlhidaiudes

- mEus umimtnnnm'ma'lmuaiuuannm'mmu

- tﬂaaumunwu..umaanmmrmm'll-l'lnun'\m'lﬂ'iﬂu'lulﬂmau fmy

- aomaaléumﬁu"ummumaun'n'hh séiuATin

- BEWHIMINANUNYBINTUZUTT

- 'lnaumumuaauua.aammumammn‘n

@ 9. mufuinsaonuidiusindsnds/ouds (siorage o

- fulumzusurmilaiiada

- dasfiuanu@amenumanu

- ifuTuuanaind du nasinrrineemaiinateg
- ifutiinnaridiu Lile

- 'l‘z?'lam"'luu-‘mmnumﬂaﬁlﬁuwnuu

- Aadbiisuniwazdaivmanidn

- UN / NA : 1052 (uaw lan¥a) 1790 (@sazans)

- trsinnanTurTAuvie © nga |



® 10. mIddanTaih Ina (o

ik and Spiti)

- muuuAAai Bidmihfidnde Mesniemnuinadinnhina

- unsnifwiuiiiuans

- 'lnq_aiummu nihuninefludmlav (Vermiculite) naxfuldlumuusurmvisichadiededwinin umiade u
- Ao Mifludesiisanmmia laszimg

- athfuiiagnariimnh Ina

- mquaUmmﬂmﬁuﬁumud'muana (PPD/PPE) Mimanzan 1avhyn tazgeiiaena

- nuamm‘lnamm'lﬂmﬂnﬂnnmwimumu

- fmoh Inann Wvindeu naviuuifuidagunin lumsade Tu

- mamda i Tenafingmnudmua

- Uzianwaud (EPA) : D 003

@®11. mlmmﬂamunun‘nuhuuﬁaa (PFD)

dauniimadan ifgnsolilasiuiuanuduynsa(PPD/PPE) -

- AuidusiM eI laszimmiasnit 20 ppm TWlEmhmanumfimiwiusiuntadlalandaas
nlyd

- AadaiusssMynialaszimoanoni 20 ppm wialusazuraiuas wia binnumnududu 1519
aUnsaithamalawladdmmalui (SCBA) wiamimmoviaidshsainia (SAR)

= 'l'maan'limuaiinnﬁ'n'miua'lu'lum #laniu PVC uazpnsymeid binusiildeialualbiia

usanazad (PVA) .

® 12. My IunoIE (Frai A

winladly

- dwmalain Ty Tiadeuthadihusan Tudfiviliomauiand mdihonsamaohishowns
Uaa mmn‘hmsa‘lvmninmhmnwman‘m'lnauau ke T T

- fndunTeiwdn T Mdnhwisuu téthumusafainazdurinlweniouniodnimie
un Mdthaauiou TAfuaTeea e T

- (hitufagnimils Taaaidadh indeatazéiu eavhiuledaumaaisaniiuiidusg
auua'u‘nhmmmn 9 athevday 15-20 wm

- thifuciagnen Tdwenmmimnaunn 4 nrzwduendu-as vas 4 vdaiiulyihéween
e Wit luwuunme

AwnTandudily
duamanioniis
Audianany

#ua - limidmldherausarfuunglaiun 2.5 % winaniiulnanaa 40
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® 14, mafiuna=Ransy (Sanpling ard Analtical)

waros 7002 7008,7908 ommne. D10

Fmaduiedn : M msenenm I waaaifushadtha I sufiumed
Esaney gt Canlalalladiiend
T uflannlanrwitlazensdnuauwoldi

Houadu q: . B

- 1dn1za1nas 0.8 Tuaten wia Cellulose ester membrane+Na2CO3-Treated cellulose pad
- 3m7inni ION-SPECIFIC ELECTRODE
- danlnalumnfvimadn 1-2 dnsdourii

@ 15. 5unaummﬁﬁe‘muqmﬁu (Emergency Response)
AVERS Guide : ‘07,42 " DOTGuide: 157,125
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fa1ail IUPAC: Potassium hydroxide

Potéssium hydrate; Caustic potash; Lye; Potassa; Caustic potash, liquid
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