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Why Using Finite Element Analyses to Optimize
Cantilever Probe Card Design?
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K Past and present cantilever probe designs

Which design would need Finite Element Analyses to optimize?

The present and near future

In the past
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Comparison of past and present probe card design requirements

which related to optimization of design

* long scrub allowed
 wider contact force range

PAST PRESENT
Large pitch Fine pitch

* large wire DIA * small wire DIA

Pitch * longer beam * shorter beam
+ small tip length/beam length ratio * more probe layers
* large tip length/beam length ratio
Larger & thicker pad size Smaller & thinner pad size

* large tip DIA * small tip DIA

Pad size * large wire DIA * small wire DIA

* short scrub required
» small contact force required

Contact force

Larger contact force

* fewer layer easier to achieve uniformity
* not much depending on tip lengths

Smaller contact force

* more layers, more rows
* uniformity among layers, rows
* low K, CUP (multiple touch downs)

Scrub

Large scrub
* larger scrub

* larger tip, more stable design
* higher overdrive

Small scrub
* much smaller scrub
* smaller tip diameter
* lower over drive (2mil)
* uniformity among layers

Design optimization

Small deformation simple beam

* Linear long beam formula
*Short beam formula
« Small deflection calculations

Large deformation structure

* Nonlinear analyses required

* Computing power (faster, better, cheaper)

* FEA recommended
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K Tip length, etched length, and beam length

To study the changes in scrub length and contact
force under 3 major manufacturing tolerances

Variables:

* Etched length (design window of 10%)
* Tip length (design window of 15%)
 Beam length (design window of 5%)

Constants:
 Beam angle

* Tip angle

* Tip diameter

* Khnee bend radius
* Epoxy stiffness
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Typical finite element mesh for cantilever probes
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K Compare different tip lengths, and etched lengths

Etched Length minus 10%

Nominal Etched Length

Etched Length plus 10%

Tip Length minus 15%

Nominal Tip Length

Tip Length plus 15%
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CONSTANT
Beam Length
&

Tip Length

CONSTANT
Beam Length
&
Etched Length

2711 e-001
-2.560e+000
-5.392e+000
. -58.224e+000
-1.106e+001
-1.389e+001
-1 .67 2e+001
-1.9:35e+001
-2 235e+001
=25 e+00
-2.804e+001
-3.085e+001
-3.37 1 e+00
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K Compare different beam lengths and extreme cases

Etched Length minus 10%

Tip Length minus 15%
Beam Length minus 5%

Nominal Dimensions

Etched Length plus 10%

Tip Length plus 15%
Beam Length plus 5%

Beam Length minus 5%

Nominal Beam Length

Beam Length plus 5%
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EXTREME
VALUES

CONSTANT

Etched Length
&
Tip Length

2.7 552e-001
-2 630e+000
-5.536e+000
. -8.447e+000
-1.135e+00
-1.425e+001
-1.716e+001
-2.006e+001
-2.29Ve+00
-2.553e+001
-2.87ge+001
-3.169e+001
-3.458e+001
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Compare scrub lengths & contact forces
between different etched lengths

LI¥
Nominal Etched Length minus 10%
2711 e-00

Scrub reduced by 7% -2 560e+000

Contact force increased by 11% -5.392e+000
.-5.2248+000

-1 .106e+001
-1.389e+001
-1 B¥2e+001
-1.955e+001
-2 238e+001
-2.521 e+001
-2 .504e+001
-3.0858e+001
-3.371 e+001

Nominal Etched Length

Nominal Etched Length plus 10%
Scrub increased by 7%

Contact force reduced by 12%
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Compare scrub lengths & contact forces
“ between different tip lengths

\ LK
N Nominal Tip Length minus 15%
2.711e-001

Scrub reduced by 10% 3 S5 0e+000

! Contact force reduced by 7% -5.392e+000

_-8.224e+000

* -1.106e+001
\ 1 389e+001
-1 67 2e+001

Nominal Tip Length
ominal Tip Leng -1.955e+001

-2 238e+001
-2.0221e+0M
-2.504e+001
-3.058e+001

Nominal Tip Length plus 15% -3.37 1 e+ 001

Scrub increased by 9%

IZ Contact force increased by 5%
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Compare scrub lengths & contact forces
“ between different beam lengths

L=
2.7 535e-001
-2 B30e+000

-5 536e+000
- 0
Contact force increased by 12% _5.4422+000

Nominal Beam Length minus 5%

Scrub increased by 7%

_-1.1332e+00
-1 .425e+01
-1.716e+001
-2 006e+001
-2.2897e+0M
-2 288e+001
-2.878e+001
-3.169e+001

Nominal Beam Length

-3 459e+001
Nominal Beam Length plus 5%

Scrub reduced by 5%

Contact force reduced by 9%

Lich Tran & Rey Rincon K&S Wafer Test SWTC-2005 slide 10 of 22



Compare scrub lengths & contact forces
between extreme sets of combined tolerances

Nominal Etched Length minus 10%
LIx

Nominal Tip Length minus 15%
2 755e-001

-2 B30e+000
Scrub reduced by 11% -5 536e+000
Contact force increased by 19% --8.442e+000
_-1.135e+001
-1 425e+001
1 716e+001
-2 N0Be+001
-2 297e+001
-2 588e+001
-2 BT8e+001
Nominal Etched Length plus 10% Bl -3 159e+001
-3 .459+001

Nominal Beam Length minus 5%

Nominal Dimensions

Nominal Tip Length plus 15%
Nominal Beam Length plus 5%

Scrub increased by 11%

Contact force reduced by 16%
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Beside finding the best scrub length and contact force,
there are other uses of FEA in probe design optimization

Other uses of FEA to optimize for:

Life of probes (reduce maximum stress or move critical
locations around)

Stability of the probe structure
Best beam angle for clearance and scrub length
Best tip angle for clearance and scrub length

Best knee bend radius to reduce stress and allow maximum
clearance

Effect of different epoxy types to the behavior of probes
Friction

Amount of metal cutting to allow multiple touch downs on
low K or CUP (circuit under pads) wafers

Pad structure (low K, CUP)
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Example 1: FEA is used in reducing maximum stress and
K prolong probe life

3mil DIA 5mil DIA P
Both probes were .
it
over driven to 3mil a8
vaon Mises

§.000e+004
5 500e+004
5 0002+004
4 501e+004

4001e+004
3501 e+004
3001 e+004
2 501 e+004
| 2 002e+004
1.502e+004
1.002e+004

5.022e+003

2.404e+001

e # 5
e
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K Example 2: FEA is used in stabilizing the probe structure

Both probes were over driven to 3mil,

contact at edge of tip, offset from center

, 1 .425e+000
3mil DIA
; 1 .305e+000

J" 1 18Ee+000

. 5mil DIA 1.067e+000
' _9.471e-001

5.276e-001
l 7 082e-001
5 887e-001

| 4 B93e-001

' 3.498e-001

2.304e-0M
1.109e-001

-5.539e-003
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K Example 3: FEA is used in optimizing tip metal cutting angle

5.200e+001
5.158e+001
_5.117e+001
.50V 5e+00

_5.033e+0M
| 4.992e+001
4 950e+001
4 905e+001

. . . 4 867 e+001
Tip surface orientation -

will affect the amount of
metal to be cut from pad

| 4 525e+001
4 783e+001
4. 742e+001
4 700e+001

-
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wan Mizes
1 S00e+005

' 1.458e+005
L1417 e+005

.1.375e+005

Example 4: FEA is used in optimizing the best bend radius

L

| 1.333e+005
1.292e+005
|1 250e+005
| 1 08esa0s
Various bend radii L eE
1.125e+005
1.083e+005

affect maximum
tip stress differently

1.042e+005

1.000e+005

5 A
Lz | 1 .:_-% x_}
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Example 5: FEA is used in optimizing the best beam angle

LI
1.302e-005
-1 . 262e-004

-2.654e-004
. -4.046e-004
-5.438e-004

-6.530e-004
-8.222e-004
-9.614e-004

-1.10e-003
-1.240e-003
-1.378e-003

-1.518e-003

Scrub length vs. different beam angles

-1 .B537e-003

oy r—
b=
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K Example 6: FEA is used in optimizing design using different epoxies

von Mizes (psil
1.500e+004
1.192e+004

1.0584e+004
8. 756e+003
_§.675e+003

7.594e+003
5.512e+003
2.431e+003
_4.350e+003
3.265e+003
2187e+003
1.106e+003
2.442e+001
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Actual design case of
optimized vs. conventional design
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K Actual case: Before and after FEA optimization (no friction)

BEFORE

i
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K Actual case: Before and after FEA optimization with friction

BEFORE |

hd
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K Summary: Why FEA?

« It’s an efficient and economical way to optimize probe card design while
providing customers with an expectation of performance before
manufacture.

* A necessary tool to address today’s industry requirements since
conventional calculations no longer offer the precision and accuracy
needed to adequately predict scrub marks, contact force, probe life, etc.

* It helps pinpoint which manufacturing tolerances are the most critical to a
customer’s certain design requirement and where to focus quality control
measures that will ensure that the card will be made and perform as
requested.

* Provides customers with the best designs options tailored to their specific
design constraints. Customers can make pad layout tradeoffs prior to
committing these design options to silicon.
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