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Intro

All started with doing some IVs of
UKRI-MPW1 for Ben’s thesis
UKRI-MPW1 has the same ring scheme as
RD50-MPW4 so it show similar behaviour
VFD ≈ 200 V
First current "bump" around 400 V from
depleting into the dicing edge
Second current increase at 700V to 800V
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First jump is not seen in the pixels of the test structures, the 2nd is
Realised after breaking some samples that we don’t really understand the 2nd breakdown
If the mechanism is current related it might cause issues after irradiation
TID effects can move the 1st jump to lower voltages (see Chenfan’s Poster at TWEPP)
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https://indico.cern.ch/event/1502285/contributions/6554435/attachments/3081319/5592668/TWEPP2025_Poster_LowRes.pdf


Temperature Dependence I

The temperature dependence of a
breakdown can hint on the mechanism
2nd breakdown seems to decrease at lower
temperatures
1st jump can be interpreted as
temperature dependent current source
Measured 50C the day before as
commissioning which doesn’t fit with the
rest
25V steps until 550V, 5V after, 500uA
compliance
Dry air atmosphere
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Temperature Dependence II

Remeasured 30C, 40C, 50C
then 45C, 35C, and 25C
Breakdown seems to
decrease with every
measurement
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Repeated Measurements

New sample, measured an
IV every hour
Both initial current jump
and breakdown shift with
repeated measurements
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Lower Compliance

Sample was stored in freezer
between measurements
Reduced compliance to
10uA
Still slight shift seen
Related to humidity? Going
into breakdown bakes out
the sample progressively?
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Humidity

Left sample out over the
weekend and measure
without dry air atmosphere
Initial current jump still
slight drift
2nd breakdown still
decreasing

0 100 200 300 400 500 600 700 800 900
Substrate Bias Voltage [-V]

10

210

310

410

510

I [
-n

A
]

Time [h]

0

4

8

12

16

20

24

28

32

36

40

44

48

Jan Hammerich UKRI-MPW1 IVs October 9, 2025 7 / 15



Baking Out

Baked the sample at 125C
for 44h under a N2
atmosphere
Used N2 instead of dry air
Sample unfortunately died
Seems like it broke twice
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Comparison

Selected measurements for
comparison
Noticeably the baking out
restored the 2nd breakdown
and reduced the 1st current
jump
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Autopsy I
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Autopsy II
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Autopsy other Samples I
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Autopsy other Samples II
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Coating

Had another sample coated with Parylene
by our ATLAS colleagues
Adds stiffness to the bonds and isolates
electrically
Repeated the measurements
Seems like the 1st jump is retained for a
while but 2nd breakdown still deteriorates
Baked that sample for 2 days with no plan
on what to do next
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Conclusions

1st jump consistent with depleting into the dicing edge which acts as a current source
2nd breakdown still not understood
Doesn’t seem like it’s driven by a critical current
From the killed samples it looks like it might be electromigration due to the high electric
fields (all samples died >800V)
Grounded bonds exert force on the Seal Ring at HV potential
Thermal and mechanical stress weaken the structure until it breaks
Should compare what happens with needles in the probe station
"Fry" a sample on the probe station and then have it cut and electron microscoped?

Jan Hammerich UKRI-MPW1 IVs October 9, 2025 15 / 15


