Quality Control
Issues in CDF Silicon



Outline

- Testing Reproducibility
- Interstrip resistance
- Leakage currents

- Testing Rates
- Throughput and QA Issues
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University of California-Davis
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Fermilab Run 11 Silicon

D@ 6 Barrels | F Disks H Disks Totals
Layers/planes 4 12 4

Dz 77 cm 48 cm 10 cm

Channels 387120 258000 147456 792576
Modules 432 144 192 768
Readout Length |12 cm 7.5cm 14.9 cm

Inner Radius 2.7 cm 2.6 cm 9.5cm 2.6 cm
Outer Radius 9.4 cm 10.5cm 26 cm 26 cm

CDF Layer 00 | SvXl ISL Totals
Layers 1 5 2 8
Length 09m 09m 19m
Channels 13824 405504 303104 722432
Modules 48 SS 360 DS 296 DS 704
Readout Length | 14.8cm | 145cm 21.5cm
Inner Radius 1.35cm | 25cm 20cm 1.35cm
Outer Radius 165cm | 10.6cm 28cm 28cm
Power ~100W |14 kW 1.0 kKW 15kw
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CDF Silicon: Layer 00 + SVXII + ISL
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SVXI11 Testing Plans (circa 1997)

- Sensor costs included extensive vendor testing
- Prototypes extensively studied to verify vendor testing
- Vendor measured 1V, coupling capacitors (on sensor) and CV (test structure)

- Complete measure of sensor 1V, CV
- Coupling capacitance
- Interstrip resistance
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SVXI1 Testing Plans (Revised)

- Problems often never completely understood
- No other test was sensitive to these problems
- Many processing problems can lead to poor isolation

- DC tests often take a long time; perhaps 2 hours or more
- Testing load nearly doubles as a result

CDF Silicon QA, 5/17/01 Steven Worm, CDF/UNM



Testing Reproducibility

- Most problems, such as differences in meters or methods, were explained
-  Differences in testing experience were more significant
1. Newer testing sites had more trouble
2. Undergraduate labor can be a source of uncertainty
- With care, remarkably consistent measurements can be made at remote sites

Includes both probing disagreement and accumulated ESD and handling degradation

More than half the data is from remeasurement of devices at Hamamatsu which
had significant extra handling - number is probably an overestimate
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Interstrip Resistance

- Hamamatsu - mobile ionic contaminant
- Micron - change in cutting film results in poor isolation (localized contaminanat)
- Micron - process variations and possibly bulk Si
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Leaky Strips

* Process defects (and poor handling, cleaning) lead to leaky strips
e Hamamatsu

- DC shorts seen from scratches during processing

- Surface scratches (a major problem)
e Micron

- Lack of cleanliness in the cleanroom drove the generation of leaky strips early on
- Specification changed to have strips with > 100 nA counted as bad.
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Diff-1solation Faults

- Ramp-up of 150 mm production allowed non-optimal (bad) photolithogrgraphy
- Photoresist surface drying allowed solvent to be trapped (oven, not hot plate)

- Trapped solvent during exposure led to semi-circular defects near the edges
of the p-stops that created one very leaky strip

- Small angle stereo, plus isolated p-stops, yielded a region of leaky strips on the

p-side.
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Scratches (SVXII)

- Epoxy used does not affect sensor if passivation is intact
- Scratches present on sensors from both vendors
- Some process flaws also

- Very labor intensive (~1 man year)
- Coating conducted at Fermilab

- UV cure epoxy (Norland)

- About 75% needed coating

- 3.0 or 0.7 pm passivation

- Only about 20% required coating

- 0.2 to 0.3 pm passivation (LPCVD SiO,)
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Hamamatsu Deliveries

- Hamamatsu sensor production is highly
automated; they had little time or
manpower to debug complicated problems

- As aresult of problems, CDF lost it's place
in the production pipeline

- No increase in production rate was possible
once production resumed

1.  Sensor testing established in Hiroshima for
faster turn-around

2. Frequent communication established
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Wafer Inspections and Pipeline Monitoring

- With a ~4 month production pipeline, deliveries can be predicted

- For Micron, it helped us understand and predict persistent problems in
photolithography (as well as throughput)

- Weekly reports of wafer throughput allowed better planning downstream
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chip No. 30117

Sample Vendor Data
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ISL 1037-13-2 Leakage current vs Bias
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1V vs Bad Strips, Hamamatsu vs Micron

1. Hamamatsu is highly automated;
very little rework

2. Our Micron sensors were ‘hand-
crafted’; 14 mask steps and maybe
6 more rework
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Conclusions

- Production testing needed to be accomplished as quickly and as closely to the
vendor as possible.

- Feedback needed to be immediate, and the production pipeline needed to be
closely monitored.

- Having many different sites makes for logistical and data-sharing difficulties.
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