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Abstract— This paper underlines the damages induced by 

probing on narrow pads reliability of specifically designed test 

structures placed on dicing streets and indicates that probing 

during electrical test steps provokes detrimental cracks diving 

from the passivation through the BEOL layers providing a path 

for moisture ingress. 
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I. INTRODUCTION 

In many applications such as automotive and medical, 
chips must be highly reliable and thus, pass challenging 
quality assessments including Wafer-Level Reliability 
evaluation, exhaustive Parametric Test and extended 
Electrical Wafer Sort. To fulfill such demanding 
requirements, a large number of test structures – placed in 
wafer dicing streets – are needed. However, the smaller the 
die, the higher the wafer area dedicated to dicing streets 
(Figure 1). Therefore, a way to reduce the dicing streets area 
is to reduce the street width. To this extent, structures with 
narrower pads are mandatory. Probing equipment having a 
limited precision, hitting small pads in reduced street width 
might provoke non-previously existing reliability issues in test 
structures. In this paper, the impact of probing on narrow pads 
integrity of specifically designed test structures is evaluated 
with dedicated test methods. These test structures are 
embedded in an automotive-qualified 90nm-node of a 200mm 
process line with 3 dual-damascene copper-levels Back-End-
Of-Line (BEOL) with SiCOH low-  intermetallic dielectric
(IMD), 45 nm-thick SiCN capping layer and Ta/TaN diffusion 
barrier [1]. Figure 2 describes the process flow of one metal 
layer. 

Figure 1: Percentage of wafer area dedicated to dicing streets as a function 
of die area. Percentages are calculated assuming a square die and same 
street width on X and Y. When the die is not a square, the percentage of 
wafer area dedicated to dicing streets might be slightly different.  

Figure 2: Process flow used to fabricate one metal layer. To create 
successive metal layers, this sequence is repeated 

II. TEST STRUCTIRES:

The elementary studied structure is composed of a metal 
serpentine running between two interwoven metal combs each 
one being connected to a dedicated pad used for biasing and 
sensing (Figure 3.a). This structure is replicated in the 3 metal 
layers connected to independent pads allowing to test each 
level independently (Figure 3.b). To ensure that pollutants and 
moisture will not contaminate the structure from the side, it is 
fully enclosed by a seal-ring [2]. Table I indicates drawn metal 
spacing, width and serpentine length. Devices with pad width 
varying from 30 µm to 130 µm with a step of 20 µm have been 
designed. To remain compatible with 90nm probing 
equipment, pads spacing and height are kept to 60µm and 
70µm, respectively. 

Figure 3.a: Elementary studied structure composed of a metal serpentine 
running between two interwoven metal combs and surrounded by a seal-
ring. 
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Figure 3.b: Cross-section TEM image of the test structure with the 3 metal 
levels. The cross-section location is indicated by the black dashed arrow 
on Figure 3.a. 

TABLE 1: DRAWN TEST STRUCTURE DIMENSIONS FOR EVERY METAL 

LEVEL. 

III. EXPERIMENTS – RESULTS:

At the end of the fabrication process, structure leakage 
current has been regularly measured during 59 days with a 
bias of 15 V while wafers were stored at room condition. 
When the pad width is between 50 and 130 µm, leakage does 
not evolve as time since fabrication process end increases 
(Figure 4). To the contrary, for 30µm-wide pad structures, the 
leakage increases dramatically right after the first 
measurement (Figure 5).In order to ensure that leakage current 
increase observed on 30µm-wide pads structure is not the 
consequence of copper corrosion, serpentine resistance 
measurements have been carried out. Figure 6 plots the 30 
µm-wide pads structure results that confirms the serpentine 
resistances does not evolve and thus there is no copper 
corrosion. Measurements for structures with wider pads 
produce similar distributions. 

Figure 4: Top-metal level leakage current at 15 V of the structure with 
70µm-wide pads measured after 9, 36, 51 and 59 days of storage at room 
condition after fabrication process end. Similar results are obtained on the 
two other metal levels and on structures with 90, 110 and 130µm-wide 
pads. 

Figure 5: Top-metal level leakage current at 15 V of the structure with 
30µm-wide pads measured after 9, 36, 51 and 59 days of storage at room 
condition after fabrication process end. Similar results are obtained on the 
two other metal levels.  

Figure 6: Top-metal level serpentine resistance at 2 V of the structure with 
30µm-wide pads measured after 9, 36, 51 and 59 days of storage at room 
condition after fabrication process end. Similar results are obtained on the 
two other metal levels.  

Every structure has been observed using an optical 
microscope and only 30 µm-wide pad edges are found to be 
widely damaged (Figure 7). Hence, pads have been imaged 
using cross-section SEM. Before probing, no crack is seen in 
the BEOL layers indicating that, even with the 30µm-wide 
pad, there is no fabrication process issue (Figure 8). 

Figure 7: Optical top-view of a widely damaged 30µm-wide pad (left) and 
a 50µm-wide pad (right). 
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Figure 8: Cross-section SEM image of a 30µm-wide pad and pad edge 
before any probing. Neither cracks nor fabrication process issue is 
observed. 

However, after probing, a detrimental crack diving from 
the top of the stack is observed (Figure 9). A well-known issue 
in SiOCH low-k material is their propensity to absorb 
moisture over time, degrading their key properties such as 
leakage current [2]. Therefore, we can assume that the 
observed leakage current increase is due to moisture ingress 
through the identified cracks. To confirm this assumption, a 
slightly misaligned probing has been performed on 50µm-
wide pads just after the measurement carried out 51 days after 
fabrication process end. On the measurement performed only 
8 days later, a leakage current increase is observed on the 
50µm-wide pads structure while no increase is seen for 70, 90, 
110 and 130µm-wide pads structures (Figure 10). Cross-
section SEM observations of damaged 50µm-wide pads from 
leaky structures reveal deep cracks diving from the pads edge 
to BEOL layers providing a path for moisture ingress (Figure 
11). 

Figure 9: Cross-section SEM image of a 30µm-wide pad edge after 
probing. A deep crack diving from the top of the BEOL layers is observed 
and is more than 4µm-long. 

Figure 10: Top-metal level leakage current at 15 V of the structure with 50 
µm-wide pads measured after 9, 36, 51 and 59 days of storage at room 
condition after fabrication process end. Similar results are obtained on the 
two other metal levels. 

Figure 11: Cross-section SEM image of a 50µm-wide pad edge after 
misaligned probing. A deep crack diving from the top of the stack is 
observed and its length is 2.6 µm. 

TDDB measurements have been carried out with a bias of 
65 V and a clear degradation of both  time-to-breakdown (TBD) 
median and spread is observed on structures with 30 and 
50µm-wide pads i.e. on structures where cracks have been 
identified (Figure 12). The correlation between leakage 
current measured just before TDDB measurement and TBD 
confirms the link between moisture ingress through cracks and 
reliability degradation of the structures (Figure 13). 

Figure 12: Weibull distribution of the time-to-breakdown of the top-metal 
level structures with 30-, 50- and 70-µm wide pads measured after 59 days 
of storage at room condition. 

Figure 13: Time-to-breakdown of the top-metal level with 30, 50 and 
70µm-wide pads after 59 days of storage as a function of leakage current 
measured just before TDDB measure. The lower the leakage current, the 
higher the time-to-breakdown. 
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IV. CONCLUSION:

Our results indicate that probing of the test structures 
placed on dicing streets has a detrimental impact on narrow 
pad integrity as it creates cracks diving from the passivation 
through the BEOL layers that could even reach the product 
seal-ring and compromise its integrity (Figure 14). These 
cracks trigger an ingress of moisture after only few days of 
storage at room condition. This leads to significant 
degradation of leakage and time-to-breakdown of the low-
intermetallic dielectric. Moreover, as moisture impacts many 
devices such as OxRAM [3], Flash [4], DRAM [5],[6] and 
MOSFET [7], it is mandatory to pay heed to narrow pad 
probing to avoid unreliable characterizations. Furthermore, it 
has been reported that wire bonding can create cracks diving 
from the passivation through the BEOL [8]. Consequently, to 
avoid damaging bonding or wrong wafer quality assessment 
and thus compromised chips shipment to customers, we 
advise to proceed carefully when reducing test structure pads 
dimensions or bonding pads dimensions. 

Figure 14: Cross-section SEM image of a product seal-ring reached by a 
deep crack diving from test structure pad edge (not shown here). 
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