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Development of the automated precision system for
cantilever probe card repair for semiconductor wafer

testing
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Abstract

In IC manufacturing processes, wafer probing is an important step to
acquire the functional yield of the IC before the packaging process. The
wafer probing equipment consists of three main devices: the prober, tester,
and probe card. The probe card (PC) serves as a crucial interface between
the wafer and the tester, fixed on the prober and connected to the tester's
test head. It is used to test the electrical functionality of the IC.

During wafer probing, the probe tips on the PC make rapid and
continuous contact with multiple wafers, subjecting the probe itself to
repeated cyclic loads that generate high-cycle fatigue damage. This leads
to a loss of probe tip flatness, and misalignment, and ultimately affects the
accuracy of wafer testing, increases testing costs, or even causes damage
to the IC. Therefore, after approximately 40,000 to 80,000 probe insertions,
the PC must be removed from the production line for maintenance.

In traditional PC maintenance operations, experienced probe card
engineers use a PC adjustment machine to adjust the probe tips with Mylar
reference. However, the engineers need to manually adjust the displaced
probe tip with the flipping arm upwards and then check the adjustment
result by rotating the flipping arm again. This rotating operation costs
approximately 30 % of the time and hinders the efficiency of probe card
engineers. On average, it takes around 8 hours to complete the adjustment
of a probe card, thereby prolonging the time for the probe card to return to
the production line.

X-Y precision positioning platform technology is introduced in the
design of the new generation semiautomatic PC adjustment machine. This,
combined with the standardized probe tip positions of the PC and an
improved microscope system, eliminates the need for a flipping arm and
Mylar reference. It simultaneously improves probe card engineers'
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efficiency and reduces consumables cost like Mylar reference.

Considering the current situation in traditional PC maintenance
operations, the overall system accuracy of the semiautomatic PC
adjustment machine needs to ensure that the positioning accuracy of each
probe tip is within a range of + 2.5 pm. However, based on the evaluation
by the research and development team, the overall system accuracy of the
semiautomatic PC adjustment machine may be affected by three major
factors: the X-Y precision positioning platform system, the optical system,
and the overall system alignment. Therefore, in the development of the
semiautomatic PC adjustment machine, identifying and addressing the key
issues that affect the overall system accuracy will be a significant
challenge.

In this study, based on the accuracy fishbone diagram of the
semiautomatic PC adjustment machine, a total of seven experimental
stages were conducted to identify the two main issues that have the greatest
impact on the positioning accuracy of the overall system: rotation caused
by probe card placement and rotation in the optical system. Concrete
solutions were proposed, and their feasibility was verified. Furthermore,
through two experiments, the repeatability and stability of the positioning
accuracy of the semi-automated needle calibration machine were
demonstrated, showing that it is not affected by individual variations.
Ultimately, the positioning accuracy of the overall system of the semi-
automated needle calibration machine was improved from an initial
deviation of over 25 pm to within £ 2.5 pm in a 5 mm travel range along

the X and Y axes.

Keywords: Probe card adjustment machine ~ Cantilever probe card
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