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Novel carbonaceous film
with high electrical conductivity
and super high hardness

for semiconductor test probes.

Teruyuki Kitagawa, Ph.D.
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Japanese article is describing specifications and functions
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Outline

1. What does the industry need in a probe surface?
» Introduction / Objective

Can this carbonaceous film meet industry needs?

> Industrial issue

How is this film produced?

>  Production method

Why were these film features developed?

>  Discussion

Are there any weaknesses of this film?

»  Care points of practical use

Summary




Introduction / Objective

1. WHAT DOES THE INDUSTRY NEED IN

A PROBE SURFACE?
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Industry needs a probe surface with electrical stability, and wear-
resistance

Usage cycle

exchange

\

Probe card

contami
' -nation

T o —

IC socket

Problem -> Solution
— Wear -> High hardness (wear-resistance)

— Contamination (decrease of electrical stability) -> Surface stability
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Present surfaces don’t fully meet industry requirements

Surface Hardness Contamination | Electrical
Treatment Conductivity

Au Plating X

(< Hv 250)

Palladium Alloy f\-
Plating
(Hv 350~400)

Rhodium A [Key]

Plating ~
(Hv 8007900) O =very effective

Conductive DLC =somewhat
JAN

(Diamond-Like effective

Carbon) X =ineffective

(Hv1000~2000)

[Objective]
Developing surface treatment to sufficiently meet the requirements of probe users
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June 12 to 15, 2011 IEEE SW Test Workshop 6




Industrial issue

2. CAN THIS CARBONACEOUS FILM

MEET INDUSTRY NEEDS?
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YES, it can!, but why?

e Because, this film has following properties.

Higher hardness: Hv4000

> 20 times higher than Au
> 2 times higher than conventional film

Y
Longer life time!

Lower contamination of Steel = 1 x 1!‘3!"ﬂr ohm cm
electrode dust Conductive DLC = 5 x 103 ohm em

f High electrical conductivity
= 5x 10-3 ohm cm
U &
Higher stability of As low as metal
conductivity! conductivity!

Self-cleaning su

June 12 to 15, 2011 IEEE SW Test Workshop




probes

|_intro. 4 _issue 4 method 4 discuss. 4 _care 4 sum. 4
The film has the potential as future surface treatment for

Surface
Treatment

Hardness

Contamination

Electrical
Conductivity

Au Plating

X

(< Hv 250)

O

Palladium Alloy
Plating

JAN

(Hv 350~400)

Rhodium
Plating

JAN

(Hv 800~900)

Conductive DLC
(Diamond-Like
Carbon)

JAN

(Hv1000~2000)

Our film

O

(Hv 4000)

O

O
O
JAN
JAN
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O =very effective
/\ =somewhat
effective
X =ineffective
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The film has an advantage compared with prior treatment

Hardness

[High A Both high hardness
hardness 1 and high conductivity
|

HV3000 — |- ~arbon film - — are achieved |

|
-— ==}
I Volume

: Conductivity
| >

Trade-off

*cm
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The film will give benefits to probe users

1. Lower costs for probe parts
e \Wear-resistance improvement, due to high hardness

2. Higher reliability for electrical measurement

e Higher stability of electrical conductivity, due to self-
cleaning surface

3. Higher throughput of the testing without additional
cost

e Decrease of maintenance frequency

= Increase of testing time and decrease of labor costs for
exchanging the probes
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Production method

3. HOW IS THIS FILM PRODUCED?
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Gas cluster ion beam process

Gas cluster

generation chamber

”

Nozzle

i
LN\

P

/
N
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Deposition chamber

Cluster ion

Scanner

Substrate

Carbon
source
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Discussion

4. WHY WERE THESE FILM

FEATURES DEVELOPED?

— (a) Irradiation effects of cluster ion
— (b) Higher hardness

— (c) High electrical conductivity

— (d) Self-cleaning surface
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(a) Cluster ion impact is superior to conventional monomer ion

2. Monomer ion impact
1. Cluster ion impact (Conventional ion)

0.0ps

June 12 to 15, IEEE SW Test Workshop




|_intro. 4 _issue 4 method & discuss. J care 4 sum. 4
(a) High density bombardment effect of cluster

ion is effective in depositing higher hardness film

Cluster ion

@+

Diamond

C,, deposition

Pressure [Pa]

Liquid
Graphite

Gas

2,000 4,000 6000
Temperature [K]

Carbon phase diagram
(F.P.Bundy, Physica A, 156, 1989, P.169.)

TEMPERATURE [1.000 K]

: High temperature

o High Pressure & High
Smooth Surface & Temperature Bombardment
High density film formation
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(b) The higher hardness film using cluster process has

been in practical use for longer life of parts
1. Precise mechanical parts

— LIFE: 2~4 times longer

compared with DLC (Diamond-
Like Carbon)

2. Cutting tool
— LIFE: > 10 times longer

compared with non-coated
tool (Material; WC)

<Film spec.> Hardness = Hv5000
Thickness < 0.3 um

Conductivity; Low
June 12 to 15, 2011 IEEE SW Test Workshop 17
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(c) High electrical conductivity is obtained with

semiconductor technique

— Boron is doped in the film to obtain p-type
conduction.

e-\ é o e é o
N.G. N

S

Intrinsic P-type
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(d) Self-cleaning surface is given by lower surface

free energy of the film

Lower contamination of tin

e Why does this film have a self-cleaning surface?

— Lower surface free energy . e .
e A characteristic of carbon &ﬁ%?’k?l f‘”,

r
r

e Higher bonding strength

.| I
Example of surface energy
[Lower] [Higher]
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Care points of practical use

5. ARE THERE ANY WEAKNESSES OF

THIS FILM?
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Yes, there are 2 weaknesses

1. Film quality depends on irradiation angle of ion.

2. Practical evaluation of probes has not been fully
performed yet.
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6. SUMMARY

1.

The novel carbonaceous film has the properties of
super hardness, high electrical conductivity, and self-
cleaning surface.

. The film has an unique surface treatment which can’t

be obtained with prior technique.

A practical use of the film will be expected, in order
to give longer life and better measurement reliability
to probes.
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e Contact
— We exhibit the SWTW Expo.
— Booth No. 2
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Reference of electrical conductivity

e Au=2X10°ohmcm
Cu=2X10"°ohmcm
WC =5 X 10> ohm cm
Cr=1X10">ohmcm
Steel=1X10“*ohmcm
PET film = 10 ®* ohm cm
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Hardness is stable up to 250 °C

e Heating test condition
— temperature: 150-250°C
— Heating time: 2 hours
— Heating environment: Air
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Stable resistivity at Low temperature

Resistivity@15°C= 0.3 ohm Resistivity@-196°C= 0.4 ohm

Sample was dipped into [
Liquid N2(-196 °C).

IEEE SW Test Workshop




intro. issue method J discuss. care

High adhesion of the film on the substrate
The carbonaceous film
(thickness: 1.0 um)
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A table of the carbonaceous film properties

The cabonaceous film

Hardness Hv 4000 [kg/mmZ<]

Thermal stability

[sd
L
]
o
]

Process temp. below 100°C

Contents of

diamond elements hlg h

Density high

Adhesion Strong

Surface roughness Ra < 1.0 [nm]

Carbon+ Boron
Friction coefficient 0.1(in air)

Transparency

of infrared rays transparent

Refractive index 2.30-2.35

Contact angle 800
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