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Outline

Irradiation tests
Crystal
QPLL2

QPLL status:
Production
Production testing

Thanks to Karl GILL for setting up the 
irradiation campaign
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Irradiation conditions

Devices:
6 × QPLL2
6 × Xtal (tuned to 4.6 pF)

Irradiation dose:
Group 1: 10 Mrad (Co-60 γ) + 3 E15 n/cm2

QPLL2: 3 and 4, Xtal: 2 and 3
Group 2: 10 Mrad (Co-60 γ) + 9 E14 n/cm2

QPLL2: 5 and 6, Xtal: 5 and 6
Group 3: 10 Mrad (Co-60 γ) + 6 E14 n/cm2

QPLL2: 1 and 2, Xtal: 1 and 4
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Xtal – irradiation test
Test conditions:

Pre-irradiation characterisation: 7 crystals
Irradiation: 6 crystals
Reference crystal: 1 non-irradiated
Reference QPLL2: 1 non-irradiated
Post-irradiation characterisation: 7 crystals
(All crystals tuned to 4.6 pF, not exactly the final device)
Measurement:
1. externalControl = 1
2. foSelect<5:0> = 100000 and Vdd = 2.5V
3. clockIn = 0 → f(low) and clockIn = 1 → f(high)

DUT

1 non-irradiated

6 irradiated

Reference 
QPLL2
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Xtal – irradiation test

Neutron irradiation:
Positive frequency shift
Worst case observed: 9 ppm for 3 E15 n/cm2
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QPLL2 – irradiation test (1)
Test conditions:

Pre-irradiation characterisation: 7 QPLL2
Irradiation: 6 QPLL2
Reference QPLL2: 1 non-irradiated
Reference crystal: 1 non-irradiated
Post-irradiation characterisation: 7 QPLL
Measurement:
1. externalControl = 1
2. foSelect<5:0> = 100000 and Vdd = 2.5V
3. clockIn = “0” → f(low) and clockIn = “1” → f(high)

DUT

1 non-irradiated

6 irradiated

Reference 
Crystal
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QPLL2 – irradiation test (1)
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QPLL2 – irradiation test (1)

Ionizing irradiation:
10 Mrad (Co-60 γ) all chips
Negative frequency shift
Worst case observed: -24 ppm
The frequency shift is correlated with the bandgap voltage 
shift

Bias circuit
On chip voltage regulator

The mechanism responsible for the bandgap voltage shift is 
identified

“bandgaps” manufactured in ALTIS much less sensitive 
(see: http://www.cern.ch/proj-qpll/images/bandgapRadEffects.pdf)
QPLL tape out to ALTIS foundry done in March

http://www.cern.ch/proj-qpll/images/bandgapRadEffects.pdf
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QPLL2 – irradiation test (2)
Test conditions:

No pre-irradiation characterisation
Irradiation: 6 QPLL2
Crystals: 8 non-irradiated, tuned to 5.5 pF (the final devices)
Post-irradiation characterisation:

6 QPLL2 each one tested with 8 non-irradiated crystals
Measurement:
1. externalControl = 1
2. foSelect<5:0> = All values and Vdd = 2.5V
3. clockIn = “0” → f(low) and clockIn = “1” → f(high)

DUT

6 irradiated
8 non-irradiated 

Crystals
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QPLL2 – irradiation test (2)
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QPLL2 – irradiation test (2)
“All QPLL – All Xtal” measurements collected together
See picture on previous page for “definitions”
Full irradiation data can be retrieved from the QPLL 
web site:

http://www.cern.ch/proj-qpll
Radiation Effects
http://www.cern.ch/proj-qpll/images/qpll2IrradData.pdf

0-15-1-3040.078716Max

-55-2190-57-229040.076397Min

15599145770.000538σ

-21-833-23-91340.077808<>

fasymmetry
[ppm] 

fasymmetry
[Hz] 

ferror
[ppm] 

ferror
[Hz] 

fcentre
[MHz]

http://www.cern.ch/proj-qpll
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QPLL2 – irradiation test (2)
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QPLL2 – irradiation test (2)

See picture on previous page for “definitions”
Full irradiation data:

http://www.cern.ch/proj-qpll/images/qpll2IrradData.pdf
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http://www.cern.ch/proj-qpll/images/qpll2IrradData.pdf
http://www.cern.ch/proj-qpll/images/qpll2IrradData.pdf
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QPLL - Status

Production:
18,500 chips in “MPW11”: Burlington Foundry
1. Tape out done
2. Wafers in 4 weeks
3. + 6 weeks for packaging
10,000 chips in “CRTALL”: ALTIS Foundry
(improved radiation tolerance)
1. Tape out done
2. Wafers in 10 weeks
3. + 6 weeks for packaging

Production testing test setup:
Hardware developed
Software close to completion
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