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Contact Resi stance Mechan sms
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I nnovati ngthe HP Way



| nt ent

 Understand pred ctor infl uence on
contact resistance

 Understand probe contact area

For Applicationto A obe Desi gn and
Processes
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D scussi on

Lar ge variation nay be present incontact resistance data

Some predctors dfficult to neasure wel.

If thereislittle or no corrd aion of contact resi stanceto
pred ctorsthen contam nati on can be consi dered sd e or
pri mary i Ssue.

Contamnationfromt hree sour ces:

e Present on waf er.
e Present on cl ean surface.
e Current produced fil mor oxi de on probe.

Contadt Res sance
Mechan sns

Agilent Technd ogi es



Contact Resi stance Variad e (arl

Not Directly Easily Controlled
Cleaning Method : : Measurable
Tip Profile
< Easily Measured

Clean Abrasion
Tip Roughness
Scrub Length

Difficult to Control
or Measure

Cleaning Frequency
Clean Surface
Planarity
Clean Surface
Stability
Applied Current

Contact Area

¥ Cleaning Effectiveness

Tilts
(chuck,probe,etc.)
\\
Probe Planarity =

Actual Over Travel
Nominal Applied
Overtravel
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Resl stance Factors

Probe Card

e Tip Daneter

 Hanarity Probi ng

e Tier e Scrub Length

 Probe Force e Scrub Depth
e Scrub Wdth
e« Scrub Area
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Tool s Set

EG4090 Prober

AP waf er WoRX scrub anal yzer
Hew ett- Packard F330 Test er
AP PRMI probe card and yzer
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Test Wafer

« 8inch bond ngtest wafer wth342 de a 352
pads each.

» Dal sy-cha ned alumnum pads 56x73
m crons a 65 mcron ptch
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Cur ve Descri ption

Large distribution of standard
deviation

Contamination induced
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Probe Tip P dfilee Snoot h vs Rough

0.3 mcron d ean 3.0 mcaron dean

Both probes nomind 1.0 ml danmeter. Snoad htipprdil e produces lower
contact aea bu much nore condstent and ead e to observe.
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Pr obe car ds

0.8 ml dameter tip
3tiers

tungsten-rheni um

L5gn ml O probeforce
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LO ml dameter tip
3tiers
tungsten-rheni um

1L2gmnm ml OF probeforce
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About Cont ami nati on
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Basdil ne Contact Resl stance

Z-Only Clean
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Waf er s Sel ect ed
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PRV Data
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waf er WORXx Data

Mattix P ot of Scrub Data
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Matrix P lot of Independent Variakbles

040608101214 08 08 10 1.1 02 0180 04 02
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i 1y :" TN - :.I&_l-ﬂh. . - % B
.E - [ |i . o{,‘*‘r‘zaﬂg P omr l‘:‘.::;, a0
. B LR ot - L
Pal ! [EI” 'I-; -44:?%': " . m"' 00
| :! : Ty . : 100
i dHHHEE v | vETEE: - Bt [
oo = : L
300 . . . - : . B
@O S, - Cres i ; ! - g STTEAT
100 e . i : E “ ; . ﬁliiii .mw Lo
o I AT ""ltn I’M . T i | K
l r————— e T e pp— p—— ————l3g
_ .
— tia- - - - i 1T — - — W I —— 1 r— — 2.0
- 1.5
— v Fo R R RS R ESE RE SRCEEREREORORREE P 1.0
= i H | scrub.minor | - B
e : b :
= .
e .
'l""‘.‘ -
- - = . e oy . .. Fo.z
- 1 - . . T "
— - st - . - X va R E o1
I il [.;. | t i ;:#r LDy ',
- d - - i w3 T A
i b . [E , i I:. ..‘:_.u.lw,:_' f:. Plan ' ..o:,‘ : I:ﬁF._r iy
- * 1 gt A T e
03
o= L O [ L T
LR A i am . . - LT BRI W -
| b Gl |, -'Er, . i |
el K 2,;3 A ' IR | B | v DForce
o TR T 4 HEN IR R B L
LS L b CELEET L E B
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 100 200 30 1.0 1.5 2.0 25 3.0 0251100 351 601 3210 0302040001 0.2

Contadt Res sance
Mechan sns

Agilent Technd ogi es

16



Scrub

Contact Resistance vs Scrub
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Ti er

Resistance (Ohm)

Contadt Res sance
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Spread of Resistance by Tier
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Tip Damet er

20
22

Contact Resistance vs Probe Tip Diameter
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Cal cu ated Ressure

Contact Resistance vs Estimated Pressure
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Contact (A cd ati ons

Carbonero e d

Contadt Res sance
Mechan sns

Probe resistance is the sum of effects due to
constriction and contamination,

—_ —_ pprobe + ppad o
Rtot - Rconstriction + Rcontamination -

+— (1)
4na A
If the area considered is covered with resistive film we

pprobe + ppad + pfilmlthickness

have A=nrm® and =
Ra 4na nrma>

(2)
Assuming R ..., =Constant and

Rconstiction << Rontamination the contact reSiStance iS
dictated by the thickness of the film and the radius of

mm
the “A-SpOtS”, Rm D pﬂlm thlcl<2ness . (3)
nra

Actually, the tip is not a homogenous surface so

Ra U &! but that's not very useful.
m T,

Contact resistance should vary with the film thickness
and inversely with the contact area.

Agilent Technd ogi es
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Scrub Prodiles: Whereistha contact
area?

. Verticd end wals

Rounded bott ompr ofil e
wit hrounded deepest
po nt

Doubl e-t ouch s¢rubs:
Not ei nt eri or second
end wal
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Probe Tip R dile. Contact Zones

Toe |ead ng
edge, free d
adhered net a5
fil m

cort anmnation

Hed: traling
QG own: | owest edge, sone
bef are prol ng adhered netd,
h ghest particd & e
pressur g Low level of contamination on wafers cort annnation
adhered netd,
fil m

cont an nai on
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Probe Tip R dile. Contact Zones

Toe lead ng
edge, free d
adhered netd,
fil m

cort anmnation

Hed: traling
edge, sone
adhered netd,

Q own: | owest .

) particd a e
bef ore proh ng .
H ahest cort annndl on
gnhe High level of known contamination on wafers

pressure Shape, 9ze and dacenent vay

adhered netd - i

: 1 depend ng ontipdaneter, tip

fil m prdile probetier and pad

Cort am nal on cont annnaion
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Probe Tip R dile. Contact Zones

dear Aea _ _
Parti cu a € Mxed

Snmoot i Enbedde
d
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Force prdfile a
contact ?
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Probe Tip R dile: Force Drections

F
Intid starting Ez
overtravd F
%

At ful
overtravd

Fz

oL

x|

Fz

Reduci ng
overtraved
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Summary

« Contact resistance due tocontamnationis nuch greater
that i nnat e pr obe resi stance.

e Probe dameteris nosti nportant tol ow contact
resistance duetoinfluence on contact area

e Forcerequired may be just enoughto break the ox de
| ayer, produce good contact and mai nta n self d ean ng.
After breaking oxide noreforce may not necessarily
reduce contact res stance.

 Pri mary conductive area may be crown of probein steady
conditi ons.
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