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Outline

e ISMI CCC Test and Over Current Operation

e Probe Analysis under Three Current Levels

e Over Current Analysis to Achieve New Safe Current Boundary
e Correlation between Simulation and Measurement

e Conclusion
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ISMI CCC Test and Over-Current Operation

Bridge Beam

Probes deform due to

Probe Card
higher passing current.

ISMI CCC Test Condition:

— Supply Current Time: 120 sec
— Cooling Time: 10 sec

— Current Sweep . 0.7A~1.2A
— Over Drive: 75um e ———
— o probe CCC (Force Drop 20 %) =0.75 A
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Definition of 3 Different Current Level

o probe diameter = 1.5mils
C.C.C=0.75A

C.C.C =0.75A

When current is higher than
C.C.C, the probe deform. Current (A)

C.C.C measurement
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Probe Analysis Under Safe Current

e a Probe : Safe Current (Fixed Current Test Condition)X
e Analysis ResultsX¥ Smooth surfaceX No Carbon Element X

smooth surface No Carbon Element

5102 1-Jun-15995 1200 A

1-Jun-155%% 1200 Al

1-Jun-155% 1200 Al

Totals+

Cross-sectional View under SEM & EDS Analysis
Optical Microscope
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Probe Analysis Under Limit Current

e o Probe : Limit Current (Fixed Current Test Condition)
e Analysis ResultsX Smooth surface, but with Carbon ElementX

Jl elements analyzed+

Smooth surface

CaCO3 1-Jun-1959 12:00 AN

502 1-Jun-1555 124

Al203 1-Jun-1959 1

Totals+

2000x

Cross-sectional View under SEM & EDS Analysis
Optical Microscope
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Probe Analysis Under Damage Current

e a Probe : Damage Current (Fixed Current Test Condition) X
e Analysis ResultsX Serious Damage with Carbon ElementX

Cracked Coafing
Damaged Surface
Deformed Profile

CaC03 1-Jun-155% 12

1-Jun-199% 12:00 Carbon Element
1-Jun-155% 12 00 e

Weight¥+ Atomig +
=
+ + +

— e
B.&0w" 42 DE+

0.66+ 1.85+

e
r
a a o
r

Totals+

Cross-sectional View under SEM & EDS Analysis
Optical Microscope
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Electrical and Mechanical Analysis

Step 1: Fixed Current Test Condition

e One Cycle:

Supply Current Time: 120 sec

Cooling Time: 10 sec

* Fixed Current Levels :
None. 0.5625A . 0.825A.

e Qver Drive: 75um

Step 2: OD/Force, OD/CRES Curves

e 5um OD increment until 75um for both
electrical and mechanical measurements.
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OD/Force

ga—

20 40 60

1.125 A

CRES(mohm)
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OD/CRES

Higher Current,
Lower Force

e Original Probe
e Safe Current 0.5625 A
Limlt Current 0.825 A

e Damage Current 1.125 A

80

Higher Current,
Higher CRES

e Original Probe
e Safe Current 0.5625 A
limlt Current 0.825 A

e Damage Current 1.125 A




Adjust Current-ON/OFF Time Duration

Probe Temp Rising is proportional to both Current Amplitude and Power-On time duration.
=» Reduce Power-On time duration can lower the Probe Temp and avoid probe damage.

= S Buration P On =10/50/100/200
Power-On=120sec Adjustment ower-On = msec
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Power-OFF =10/100/500 msec

60 80

Time (sec) Time (Sec)

Over-Current Analysis :
— By adjusting Power-ON/Power-OFF time duration, we can get the new Safe Current boundary.
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Over-Current Analysis : ON 10 msec, OFF 10 sec

Fixed CurrentX 500mA~1.5A with 100mA step for each probe (12 probes), OD = 75um
Power-ONX 10 msec ; Power-OFFX 10sec

Original S8 New Safe Current > 1.5A

Force/OD

Extensive Safe Current Area

\

Original C.C.C =0.75 A

SRR
|

pd

| 4/2“/""
?95’5’ 52’52’”"“‘:.’

0.5 1
| Current (A)

E

CRES/OD

CRES (mohm)

Original Safe Current = 0.5625 A

1
Current (A)

CRESvsX X X X X X @ OD=75um
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Over-Current Analysis : ON 50 msec, OFF 10 sec

Fixed CurrentX 700mA~1.5A with 100mA step for each probe (10 probes), OD = 75

| New Safe Current =0.975A (75%
Power-ONX 50 msec ; Power-OFFX 10sec ew Safe Curren (

Force/OD

Original C.C.C =0.75A

CRES/OD

|
: |
Original Safe Current = 0.5625 A . I

|1
Currfnt (A)
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Over-Current Analysis : ON 100 msec, OFF 10 sec

e Fixed CurrentX 700mA~1.5A with 100mA step for each probe (10 probes), OD = Original Safe Curl New Safe Current =0.75A

e Power-ONX 100 msec ; Power-OFFX 10sec (75% C.C.C)

Force/OD

Original C.C.C =0.75 A

i
|
|
!
}[

Currert (A)

CRES/OD

CRES (mohm)

|

|

: I

Original Safe Current = 0.5625 A !
|

I

Currert (A)

CRESvsX X X X X X @ OD=75um
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eq entX 500mA

Power-ONX 200 msec : Po

Original C.C.C =0.75A

Original Safe Current = 0.5625 A
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Over-Current Analysis : ON 10 msec, OFF 10 msec

Fixed CurrentX 500mA~1.5A with 100mA step for each probe (12 probes), OD =7 Original Safe New Safe Current = 0.975A
Power-ONX 10 msec ; Power-OFFX 10 msec (75 C.C.C)

Force/OD Extensive Safe Current Area

Original C.C.C =0.75A

/

CRES/OD

I
]

|

i

|

H L

___I___I@ |

CRES(mohm

Original Safe Current = 0.5625 A

|1
Currlent (A)

CRESVSN KX XXK @ OD=75um
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Over-Current Analysis : ON 50 msec, OFF 10 msec

Fixed Currentd 500mA~1.5A with 100mA step for each probe (12 probes), OD = 75uniglsme
Power-ONX 50 msec ; Power-OFFX 10 msec

Foree/0D Extensive Safe Current Area

Original C.C.C =0.75A

New Safe Current = 0.675A
(75% C.C.C)

CRES/OD

CRES (mohm)

Original Safe Current = 0.5625 A

| 1
Cu|rent (A)

Cu[rent (A)

CRESvsX X X X X K @ OD=70um
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Analysis Results of Over-Current Operation

Power-On Duration

Power-Off Duration

Safe Current Area

Extensive Safe Current Area
( Original Safe Current = 0.5625A )

Extensive % of
Safe Current Area

Safe Current
> 1.5A

10 msec

10sec
(ISMI CccC)

>0.9375A

> 166%

500 msec

> 0.9375A

> 166%

100 msec

>0.9375A

> 166%

10 msec

0.4125A

73.3%

50 msec

10sec
(ISmMI ccq)

0.4125 A

73.3%

500 msec

0.3375A

60.0%

100 msec

0.2625A

46.6%

10 msec

0.1125A

20.0%

100 msec

10sec
(ISmMI CCC)

0.1875A

33.33%

500 msec

0.1125A

20.0%

100 msec

0.1125A

20.0%

10 msec

0.1125A

20.0%

CHPT/Norman

10sec
(ISMI ccq)

0.1125A

20.0%

500 msec

0.1125A

20.0%

100 msec

0.1125A

20.0%

10 msec

0.1125A
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20.0%

Safe Current
=1.5A~0.8 A

Safe Current
= 0.8~ 0.6A

Safe Current
< 0.6A




Analysis Results of Over-Current Operation

Power-On Duration Power-Off Duration Safe Current Area SRS s SEE L el

Extensive % of
( Original Safe Current = 0.5625A )

Safe Current
Safe Current Area

>1.5A
10sec

g 0.5625 A

0A 0% Safe Current

=1.5A~0.8 A
0.525 A =

-6.6 %
100 msec 0.525 A

i 6.6 % Safe Current
10 msec

=0.8~ 0.6A
0.525 A = -6.6 %

500 msec

Safe Current
< 0.6A
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Over-Current Simulation for Probe

e Simulation Environment SetupiX
— Electrodes of Probe: 22 °C
— Power-ON Duration: 100msec ; Power-OFF Duration: 10sec ;
— Supply Current = 0.8~1.5A

Temperature Boundary Setup S rentSetp
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Temperature Simulation Results

Temp. Distribution of Probe Temp. of Probe Belly vs. Time Duration Max. Temp. of Probe
Current  Max. Temp.
0.8A 258.99
0.9A 321.11
1.0A 389.97

1.1A 465.3
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1.2A 538.56

EEERS 1.3A 633.61

1.0 15 2.0 , , 1.4A 725.43

Time Duration (sec)

Bottom Side Probe Belly 1.5A

* The reason why Probes always bend and deform in Probe BellyX

Because the electrodes on probe’s both sides can help dissipate the heat, therefore, the Max.
Temp. occurs at the Probe Belly. This also explains why the probe always bends and deforms in the
belly area.
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OD vs. Force Correlation

Real Measurement Data: Current v.s OD/Force

.' == Qver Current 900mA

Simulated Temp. v.s Simulated OD/Force

—=258.99, C-0.8A
—=321.11, C-0.9A
389.97, C-1.0A
456.3, C-1.1A
=—538.56, C-1.2A

Over Current 1000mA

Over Current 1100mA
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e (Over Current 1200mA

Over-Current Operation may causes two effects:
Chemical Reaction: Higher Temp. causes probes to generates Carbon element which mixes with metal elements, degrading the Force.

Physical Reaction: Dropping Force also means that Compressed Probe is unable to break the oxidation layer of die pad, causing
unstable CRES.
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Conclusion

Definition of 3 Different Current Levels:

e Safe Current (75% CCC)X Complete Cross-Sectional ViewX No Carbon ElementX No Force Dropping

e Limit Current (110% CCC)X Complete Cross-Sectional View[X Carbon ElementX Force Dropping

e Damage Current (150% CCC)X Damaged Cross-Sectional ViewX Carbon ElementX Seriously Force
Dropping

New Safe Current Boundary under Over-Current Analysis:

e Temp. is proportional to both Current Amp. and Power-ON Duration

e Temp. is inversely proportional to Power-OFF Duration
e Over-Current Analysis is to adjust Power-ON and Power-OFF time to reach a new Safe Current Boundary.
(Recommendation: Current operates under Probe Vendor’s Regulated Limitation.)

Correlation to Provide a Convincing Simulation Report:

e With close correlation, probe Temp. can be predicted.

e With close correlation, simulation report is more efficient and trust-worthy.
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