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Tyndall Fabrication Facilities

Wafer diameters from 50mm to
200mm

Range of fabrication clean-rooms for
different applications

* Class 1000 (ISO 6) or lower

Class maximum particles/m? FED STD 209E
20.1pym | 20.2 um 203 pum | 20.5 pm 21 pm 25 um equivalent

ISO 1 10 2.37 1.02 0.35 0.083 | 0.0029

ISO 2 100 23.7 10.2 30 0.83 0.029

ISO3 | 1,600 237 102 i 83| 0297 —¢€lass1
<V::; 10,000 2,370 1,020 350 83 2.9 Class 10

ISO5 | 100,000 | 23,700 10,200 3,520 832 29 Class 100 >

1.0x10° | 237,000 | 102,000 35,200 8,320 293 | Class 1,000—

ISO7 | 1.0x10" | 2:37x10%1,020,000 352,000 83,200+—2,530 | Class 10,000

ISO8 | 1.0x10° | 2.37x10" | 1.02x10" | 3,520,000 832,000 | 29,300 | Class 100,000

ISO9 | 1.0x10° | 2.37x10% | 1.02x10° | 35,200,000 | 8,320,000 | 293,000 Room air
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ISO 14644-1 Cleanroom Standards

www.portafab.com/cleanrooms.html
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Cleanliness important

Particle causing a Metal Short
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100mm RADFET Wafer
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RADFET transistor Cross-Section

ITmm
SOURCE GATE DRAIN

1 mm | Qoxide

SenSitiVity: Avthreshold = Qoxide/ c:s¢-:onsor

RADFET Die Design
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CMOS transistor Cross-Section

NMOSFET PMOSFET (RADFET)

SOURCE DRAIN

Integrate RADFET in our CMOS line

More than 100 process steps




Silicon Wafer Tyndall
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Well Drive-in

P- Well NEREI
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Furnace Temperature: 1100°C

Time: 22 Hours in N, ambient
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Gate Oxidation

100nm, 400nm, 1um thicknesses

FIELD OXIDE FIELD OXIDE FIELD OXIDE

GATE OXIDE GATE OXIDE ] ) )
Grown in Furnace at high temperatures in

P- Well N- Well an oxygen environment
Si + 0,= SiO,




Sensitivity vs Oxide Thickness Tyndall
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Equation y=a+b*
Equation y=a+b* Plot D
Plot . Weight No Weighting B Sensitivity @0V
Weight No Weighting | 4 4 - Intercept -0.05086 + 0.15651 . . _ 4
Intercept -0.46122 + 0.00206 Slope 0.00152 + 2.6889E-4 — L| near Flt
S|ope 0.00538 + 3.54192E-6 Residual Sum of Squares 0.02489
Residual Sum of Squares 4.31888E-6 Pearson's r 0.98463
Pearson'sr 1 R-Square(COD) 0.9695
R-Square(COD) 1 Adj. R-Square 0.93899
Adj. R-Square 1 — 3 3 - — 3
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Measurement of Gate Oxide

Design 400nm
Specification 400 £ 20 nm
Measured (13 points) 394 +5 nm

NanoSpec Optical Measurement Tool
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Polysilicon Gate Deposition

Chemical Vapour Deposition
450nm Polysilicon
Temperature: 620°C

Time: 50min
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Etch Polysilicon Gate

Photoresist is deposited and
patterned
P- Well N- Well Etch the polysilicon

Strip the resist
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3-D View
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Poly Oxidation

Temperature: 900°C
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P+ Source/Drain Mask and Implant

Boron
4E15/cm?@15keV

PhotoResist

Boron is implanted into the P+ S/D
regions

P- Well Followed by High Temperature
Furnace Anneal
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Deposit Dielectric

Planarise surface prior to metal deposition
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Contact Holes

Contact holes are etched through
to the Source and Drain
diffusions and the polysilicon
gates
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Metal Pattern

RADFET

NMOSFET

SOURCE DRAIN

0.5um thick Metal
Aluminium/0.5% Silicon Alloy

Patterned and then etched to form
electrodes
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PMOS Transistor
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14 Jun 2013
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Finished Wafer
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Cascade Semi-automatic Probe Station
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Probe Needles positioned above Microchamber

Wafer Loading into MicroChamber Tungsten Probe Needles touching 100um*100um Metal Pads



Measurement System

Keithley 4200 Parameter Analyzer

Electrical Source-Measure Units
(SMU)

Keithley 4200 controls probe station
Wafer movement
Wafer Temperature

AW O

Temperature controller

Keithley 4200 5 0
//—_N\\NM/ Probbe Needles

e
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Typical Wafer Map Tyndall
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~200 chips tested out of >4,000/wafer



RADFET Current-Voltage Characteristics §Tynda||
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RADFET Temperature
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Drain Current [A]

RADFET Current-Voltage Characteristics Tyndall

| L | L | L | L | L | L | L | L 1E_O4 | L | 1 | L | L | L | L | L | L | |
-1.0E-05 - -
e N ——
_8.0E-06 - Research RADFET i LE-06 .
<
2. \
-6.0E-06 - V=1V i q:, 1E-07 \
-
© 1E-08
= Research RADFET
-4.0E-06 - - @
- 1E-09 .
VDRAIN:_lv \
-2.0E-06 - - |
1E-10 \
0.0E+00 — 1 T 1 B 1IE- 1l t+—7——T—T T T 77— 71—
-9 -8 -7 6 5 4 3 2 1 0 9 -8 -7 6 5 4 3 2 1 0

Voltage [V] Voltage [V]



Electrical Parameters across Wafer

Colour Map of electrical parameters

Select areas of wafer for chip dicing and
packaging
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*  Ceramic Dual in Line Packaging Types

*  @Gold wire bonds

*  Thermo-compression

TPT Semi-automatic Wire-bonder
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Ceramic Packaging Lids

* Kovar Lids are attached to package
* Same process as used for die attach
* 125°C maximum temperature

* Hermetic sealing subcontracted

*  300°C maximum temperature

* Package Dimension (LxWxH)
*  13mMm*8mm*3mm
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Plastic Packaging

* SOT23 plastic package
° 3mm*3mm*1mm (LxWxH)

* 175C maximum temperature

*  Thinning of silicon wafer required to fit
into package

*  525um thinned to 200um
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Product Testing

Flex Cable to Automatic Readout System

* All products are first electrically tested using
Keithley 4200 + test fixture

*  Number of samples irradiated with Co60 source
in Vinca, Serbia

* Automatic reader used to characterise a number
of RADFETs simultaneously

42
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Sensitivity Curve

I\/Iegn .Sen5|t|V|ty Curve constructed from | T 0-100 kRad
statistical data -l Experiment
—— Fit

Parabolic Model fitted to Sensitivity Curve
AV = A x Dose®

Model Fits sent to customer with product

0 20k 40k 60k 80k 100k
Dose [Rad(H,O)]
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Varadis Spin-out Company

http://www.varadis.com
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Questions?

E: russell.duane@tyndall.ie O

T: +353 21 2346201

Rialtas Tionscadal Eireann .

na hEireann Project Ireland G115 | Investme European Union

Government Wy el European Structural
University College Cork, Ireland of Ireland 2 040 and Investment Funds

Colaiste na hQllscaile Corcaigh
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