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Abstract: This contribution explores the potential of PFIB for the post-production circuit editing of
custom ASICs. The reworking of integrated circuits with ion beam is an effective tool for testing
design modifications rapidly, and in small-volume productions, it proves to be a valuable substitute
for the microfabrication of chips with a revised layout, thus reducing the cost and lead time. In the
case study in this work, the PFIB intervention resulted in the recovery of ~90% of defective channels
in a multichannel ASIC design by disconnecting some parts of the internal circuit. This contribution
describes several implemented optimization strategies and their statistical effectiveness.

Keywords: PFIB; ASICs; circuit edit; design modifications; silicon; electrical testing; SEM

1. Introduction

The last generation of Xe PFIB (plasma-focused ion beam) has emerged as a tool
of significant value for clean-room facilities due to its versatility in the circuit editing,
wafer-level inspection, and failure analysis of fully packaged integrated circuits [1,2]. With
an upgrade granted by an IPCEI project, the FBK research institute has added advanced
PFIB-SEM capabilities to support clean-room engineers [3]. In this work, we aimed to
explore the potential of this technique for circuit editing on a statistically relevant number
of ASICs with intrinsic production defects affecting the chips’ performance.

In this study, we used a dedicated test bench to evaluate the chips’ performance before
and after reworking. We performed a comprehensive analysis of various strategies to the
minimize collateral damage from PFIB process. The first challenge is the minimization of
defects (e.g., through discharge) on logic blocks in the circuit. The second task is to avoid
damage to neighboring structures that are very close but outside of the milling volume;
thus, good alignment and careful design in the milling crater are paramount (as described
in Figure 1a,c) as the layout is comprised of several metal layers.

Finally, process optimizations [4] helped to identify the most suitable milling recipe
for a fast process and for the reworking of hundreds of channels. From the first batches of
ASICs to the final batch results presented here, the yield was drastically improved, despite
some failed reworking instances, mostly due to discharges, not being eliminated as they
are intrinsic to the ionic milling process of the insulator in proximity of buried logic blocks.
Overall, the experimental results for the functional testing demonstrate the effectiveness of
the PFIB reworking.
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Figure 1. (a) Large milling area milled with a high beam current. It was used as a reference to find 
relative coordinates from a surface morphology to the buried trace to be removed. (b) Top view of 
the crater after milling. The trace to be removed is highlighted. (c) Cross-section of the milling crater 
that was used to reach the deep metal layer to be removed. The positioning precision needs to be 
below 500 nm. (d) Map showing the yield in chips for 10 reworked chips. 

2. Materials and Methods 
The multichannel ASICs, consisting of 32 identical channels used for the back-end 

signal processing of FBK’s detectors, were functionally tested, revealing a very high 
percentage of non-functioning channels (>50%). Multiple attempts were made to rework 
the chips with ion beams to analyze the origins of the problem and define possible 
strategies for the circuit’s modification before a new production run. A dedicated test 
setup was created, allowing the evaluation of the performance of the chips on the go, 
giving instant feedback to the PFIB intervention. The most promising strategy to restore 
the channel’s functionality was disconnecting a certain part of the internal circuit by 
removing a buried metal trace, which is most compatible with FIB reworking. A Xe Plasma 
FIB-SEM Helios 5 from Thermo Fisher Scientific (Waltham, MA, USA) was used at 30 kV 
with a 4 nA ion beam. All channels were tested after the FIB operations to access the 
performance gains in the reworked channels or also possible damage or anomalies in the 
non-reworked channels. 

3. Discussion 
ASICs comprising 32 channels were used in this analysis. In the ASICs used, the 

initial average number of fully operational channels was only 48%, and, as shown in 
Figure 1d, their distribution was unpredictable among the batch of chips tested 
(additionally confirmed via measurements of another 20+ chips that were yet to be 
subjected to the reworking). This is speculated to be caused by the design tolerances in 
complex multi-metal layer stacks such as ASIC that can have a high impact on channel-
specific performance. Fault diagnosis was carried out to identify a PFIB reworking 
procedure for the remaining 52% of the channels. A two-step optimization process for the 
milling recipe was carried out. Firstly, the milling recipes were tuned to achieve the right 
depth in the area of interest while minimizing the milling volume and interference with 
adjacent structures. Secondly, the speed of the operation was optimized, as it represented 

Figure 1. (a) Large milling area milled with a high beam current. It was used as a reference to find
relative coordinates from a surface morphology to the buried trace to be removed. (b) Top view of
the crater after milling. The trace to be removed is highlighted. (c) Cross-section of the milling crater
that was used to reach the deep metal layer to be removed. The positioning precision needs to be
below 500 nm. (d) Map showing the yield in chips for 10 reworked chips.

2. Materials and Methods

The multichannel ASICs, consisting of 32 identical channels used for the back-end
signal processing of FBK’s detectors, were functionally tested, revealing a very high per-
centage of non-functioning channels (>50%). Multiple attempts were made to rework the
chips with ion beams to analyze the origins of the problem and define possible strategies
for the circuit’s modification before a new production run. A dedicated test setup was
created, allowing the evaluation of the performance of the chips on the go, giving instant
feedback to the PFIB intervention. The most promising strategy to restore the channel’s
functionality was disconnecting a certain part of the internal circuit by removing a buried
metal trace, which is most compatible with FIB reworking. A Xe Plasma FIB-SEM Helios 5
from Thermo Fisher Scientific (Waltham, MA, USA) was used at 30 kV with a 4 nA ion
beam. All channels were tested after the FIB operations to access the performance gains in
the reworked channels or also possible damage or anomalies in the non-reworked channels.

3. Discussion

ASICs comprising 32 channels were used in this analysis. In the ASICs used, the
initial average number of fully operational channels was only 48%, and, as shown in
Figure 1d, their distribution was unpredictable among the batch of chips tested (additionally
confirmed via measurements of another 20+ chips that were yet to be subjected to the
reworking). This is speculated to be caused by the design tolerances in complex multi-metal
layer stacks such as ASIC that can have a high impact on channel-specific performance.
Fault diagnosis was carried out to identify a PFIB reworking procedure for the remaining
52% of the channels. A two-step optimization process for the milling recipe was carried
out. Firstly, the milling recipes were tuned to achieve the right depth in the area of interest
while minimizing the milling volume and interference with adjacent structures. Secondly,
the speed of the operation was optimized, as it represented a balance between time (i.e., the
ion beam current, which can typically be changed in increments of 4 times as it is linked
to physical apertures) and clean vertical walls (i.e., lower material re-sputtering). This
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optimization brought some fine nuances to the PFIB process for the design milling crater in
Figure 1c, and its final results are depicted in Figure 1d. The overall performance recovery
was significant, improving from below 50% to more than 90%.

Going forward, the high-precision and fast milling allowed by PFIB could prove an
efficient alternative to avoid a new silicon run that could take 8–9 months and cost the
ASICs of a small research production several tens of thousands of dollars.
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