Beyond ISMI: Electric Current Capacity

of Vertical Probes Under Pulses and
Transient Signals
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How are Things Done Today?
e |[SMI CCC Test standard:

e Test suppliers/customers develop internal
“rules of thumb” to convert intended chip
current into equivalent ISMI rating.






Objectives & Goals

Root cause of probe burns often lies in wafer-level defects causing
unpredictable surges in current*

Goal is to understand & share learning on how CCC behaves against the full
spectrum of square-wave signals.



Failure Modes: DC vs Square-Wave




Overview of Test Methods & Procedure

e Multiphysics Simulation Calibration Steps:

e Quantified this behavior
for one of our probe
products for presentation
today. CCC,, = 0.8A



Results Overview

e |Important Insight:

e For the probe presented:

e (Can classify any square wave into 3 groups:



Isolated Pulses: Definition

e Definition:

e Most important signal class to understand in order to prevent
burnt probes



Isolated Pulses: Procedure

e Experimentally measured CCC for Isolated Pulses:



Pulses < 1ms fail
by Tip melting

Power supply has Max 5A Current Limit



Isolated Pulses: Behavior



Isolated Pulses: Comments

There exists a practical limit on CCC for isolated pulses where
max current can no longer be increased by a decrease in pulse
length due to instantaneous melting at the tip.

There exists a transition point where the probe failure
mechanism changes from loss of contact force to tip melting.

Dominating factors:

Isolated pulses can be successfully predicted and understood
using a multiphysics simulation software
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CCCIHiSpeed =VCCCIISMI



CCClHiSpeed =V CC



Intermediate Signals: Definition

e Definition:

e Most complex to analyze:

e Thankfully these are the least likely sighal types to be used on a probe card




Intermediate Signal: Results

e This particular signal condition reaches steady-state in 3 cycles

e Intermediate signals will always have a lower CCC than the
equivalent Isolated Pulse or Hi-Speed Signal



Summary & Conclusion

CCC can be greatly influenced by the specific signal used on a probe

Shown that CCC of a probe can be increased by as much as 400%
given the proper signal condition

The CCC of any arbitrary signal can be modeled successfully using a
multiphysics simulation software

For vertical probe cards to continue to advance < 100um Pitch:

Communication will become increasingly important for matching
probe technology to product



Future Work

Collect additional experimental data to continue to validate the multiphysics
simulation

Consider defining a CCC characterization test for isolated pulses

Increase overall robustness and value of simulation to account for any
combination of:

Allow FormFactor/MicroProbe to evaluate very quickly:



