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ER1 High Speed Module:

Sanity-check on maturity level of
TID 1rradiations at DL.

marcello.borri@stfc.ac.uk



Outline

= First TID irradiation at DL
= Dose calibration

* Preliminary results on ER1
= Conclusion

= Disclaimer:

= all the work to install, commission and calibrate the X-ray generator was funded by
TD.
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The TID irradiation at DL

= DUT:
= ER1 High Speed module by RAL

Irradiated up to 10MRad the
Very first TID irradiation at DL!

Data analysis complete:
= Device is rad hard

= Very first irradiation, conservative
on dose estimate!
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The facility
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Horizontal-beam configuration

Exaempte: the wertical-besmcanfigurmtion used to irradiste a Immximm diode

B Bampie: the horiontal-beam configuration used to test bulky systems e HPGe detector

systams.

stfc.ukri.org

X-Ray Irradiation Facility

Electronic circuits used in many space, military, nuclear power systems and scientific
particle-collider experiments may be exposed to various levels of ionizing radiation dose.

It is essential for the design and fabrication of such circuits that test methods are available
to determine the vulnerability or hardness of electronics components to be used in such

systems.

The X-ray generator has proven to be a useful ionizing radiation effects testing tool because:
* |t offers a relatively high dose rate, in comparison to most cobalt-60 sources, thus
offering reduced testing time.
* The radiation is of sufficiently low energy (=10 keV) that it can be readily collimated. As

Detector vacuum chamber
{open for dsplay purposes)

marcello.borri@stfc.ac.uk

aresult, it is possible to irradiate a localised area in a device or on a wafer.

Tungsten X-ray tube specifications
Tube Voltage 0-60kV
Tube Current 0-50 mA
Total power 3 kW
Beam divergence 40 deg
Inherent filtration 1mm Be
Additional filters 2mm Al; 4mm Pb
Further external collimation possible

Unceltmated beam-spot, Dar
O 3, 3 rem & V20,00V (=20,

S
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»

»
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Reference irradiation settings used for existing internal projects:
peak dose rate ~100 krad/min;
dose rate uniform within ~3% over an area of “1cm x 1cm around the peak value;



TID calibration

Setup: overview

The photodiode is mounted on the XYZ stage and it is moved on the XY plane

(Zstage not fitted).

At each position, the current on the diode is measured via the HV pwr supply.

The current intensity on the photodiode is o to incident radiation.

List of materials:
*  XYZStage montion controller:
*  Optics Focus Instruments moc023220b

Az
*  XandY stages:
*  Optics Focus Instruments mox06300
* Zstage: (not fitted) )
*  Optics Focus Instruments mox06300b 3

*  HV pwr supply: X

Xray tube

2 j
/ i. Photodiode

e

Logical sketch of the set-up

Ethernet

router

e OptioDidoe Axuvhsb.

e Active area Immx1lmm.
Ethernet to
RS232 °

Ethernet to
RS232

XYZ stage
controller

diodel: lot 111431
diode2: lot 111431

* Keithley 2410
*  PhotoDiode:
*  OptoDiode AXUVHSS

+  DELL Optiplex 745
* DDTEC0133 (MAC ID: 00:1a:a0:57:13:9a)
* IPaddress: 148.79.103.51
* Additional Ethernet card
(Mac ID: 78:32:1b:91:8a:b8)
* 0S:Ubuntu 22.04.2 LTS
* Ethernet router
* Ethernet cables;
*  RS232 cables:
*  Male to female
¢ RS232 to Ethernet adapters
* Startech NETRS2321P
* Coaxial cable Keithely2410 to PhotoDiode;
* PhotoDiode support (3D printer)

diode3: lot 112449
PhotoDiode

FEATURES
* SMA Connector

Xray Tube

« ideal for Electron Detection
« Ulira-High Speed

Radiologically shielded cabinet

@29

Electro-Optical Characteristics at 25°C

This is the diode selected by CERN.
e We have three units of this type of diode:

Parsmeters Test Conditions Min Typ Max Units
Adive Area 1 mm x 1 mm 1 mme
Rosgensivry (0 graphs on next pege) | AW
Rowerss Broakdown Vokage, Ve W= 1pA 5 Vobs
Capocitance, C Vas OV 15 | %0 oF
Rise Time RL=500D Va=S2V 700 e
Doark Currert Va =82V [ ) A
Thermal Parameters

|_Storage and Operating Teenpersture Range Units
Ambieet! -10°C lo 4°C
Ntrogen or Veauum 2A0°'C18rC

Leand Soigaring Tempeeskrn

NA

Tarparssries wacesciog thess Caramatars may Crwsts Oxcde (Fowh o0 h Sctve arwa.
O By 10 low energy rasicn bakow 150 nes wil b compromiset

Maxerum kegen ol 8 inchipounds mcomemmoded.
Parmasent Samags Wil ast # Saghar Iomum akies e Uad asd waTarty i vodied

Setup: photodiode

Package Information

2 // /L ;

Dimensions are in inch [metricj units,

14 30
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Diode calibration at CERN

Procedure

* The reference diode (DA18) was irradiated for different tube currents:

L]

* The three diodes from DL were also irradiated following the saf

To apply Vbias on diode: -50V.

Tube voltage: 40kV; Scan Tube current: 0-20mA in steps of 2mA.

* First, to perform 10 readings of dark current.

* Second, to open the shutter and expose the sensor to
* To take two consecutive readings of current.

DA18 is not the AXUVHSS5 diode.

DA18 is the older reference diode by Quantrad Sensor.
By using DA18 we followed the exact same procedure used

DA18 was biased at 50V.

The distance between diodes and the X-ra
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Results

The best values to calculate the IrradCoeff are those
at a tube current of 20mA.

This is because the S/N ration is better for a more
intense beam.

DLO1 IrradCoeff = 52.0 rad/min/nA
DLO2 IrradCoeff = 51.2 rad/min/nA
DLO3 IrradCoeff = 55.7 rad/min/nA

Results for DL diodes are consistent with CERN’s
own AXUVHSS diodes, which were calibrated
following the same procedure.

DB02 51.86 rad/min/nA
DB03 52.00 rad/min/nA

DBO01 170 rad/min/nA (considered dodgy by CERN)
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Dose estimate at DL

Setup: overview

® The distance is measured:
from the top of the LED support plate
to the top of the diode protective case

® The effective distance (dgff) to the top of
the diode is calculated as:
degr = d+ 1.52mm + 1.5mm
(i.e. degr ~ d+3mm)

Diode protective case

2X 1/4 J6UNS

=

\ Top of LED support plate
8- '
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Good news;
We achieved 100krad/min
(target) by using the
calibrated diodes;

Dose is uniform within 3%
ina 1xlcm2 area
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Radio-chromic foils

Used radio chromic foils to estimate the
dose with an independent method.

Awaiting reading results from radiology
services...

Dose will be estimated in H20 dose
equivalent, to convert in SiO2

Science and
Technology
Facilities Council

marcello.borri@stfc.ac.uk



X-ray spectrum

= Needed to convert dose from H20 to SiIO2

20keV spectrum - preliminary
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ER1 DUT, irradiation results

Irradiated DUT1;

~100krad/min (peak nominally 104krad/min)
Target doses (Si02):

OMrad; 0.1Mrad; 0.2Mrad; 0.5Mrad;

1Mrad to 10Mrad in step on 1Mrad

Ampl CH1 (p) at VDD=1.2 V P|_|_

0.35
0.3

0.25

\
0.15 \
-

0.05

Output Amplitude (V)

20 30 40 50 60 70 80 90 100
Input Frequency (MHz)

0 Mrads 0.1 Mrads 0.2 Mrads 0.5 Mrads
=1 Mrads 2 Mrads 3 Mrads 4 Mrads
5 Mrads 5 Mrads after annealing 6 Mrads 7 Mrads

9 Mrads 10 Mrads

Supply Current as function of Dose

0.1

Supply Current (A)
~—

0 2 4 6 8 10
Dose (MRad)

———VDD1V2@1.2V ———VDD2V5@1.2V VDD1V2@1.3V ——VDD2V5@1.2V

No obvious damage on DUT1,;
Either in PLL block or CTLE block;

120

12



Conclusion

= X-ray facility installed and commissioned,;

= TID calibrated with CERN procedure,

» ER1 DUT irradiated, no visible damage

* Independent calibration w radio chromic foils [awaiting results]

= ToDo:

» To repeat MLR1 irradiations on site (comparison with CERN irradiations)
» To irradiate more ER1 DUTs? (lrradiate until device breaks?)
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Thank you

Facebook: Science and Twitter: @STFC_matters YouTube: Science and
Technology Facilities Council Technology Facilities Council



Module definition Vs AncASIC layout

Cover strip

AncAsic form factor;

Pads on AncAsic to/form LAS;

Pads on AncAsic to/from end-stave services;

Module carrier

(Speculative) Redistribution layer on AncAsic;

wire bonding

- :
anzeo m Tab for tap bonding to bridge
bridge FPC
spTAB bonding

Science and FPC on side of stave )
Technology
Facilities Council
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