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ÅIntroduction

Motivation and test production

1. Analytical technique 

concentration resolution 

up to 1014 atoms/cm3

2. Destructive technique

3. Total dopant profile 

4. Potential for process flow 

evaluation and thickness 

and quality estimation

Approach

Å Implement a test production with 
controlled parameters

ÅNo photolithography or masks
ÅDoping profile simulations
ÅSiMSmeasurements
ÅData ςSimulation Comparison

Motivation

ÅCreate a reference library for 
simulations

Å Investigate modelling issues
ÅConfidence limits on simulations
ÅGoal: Develop a completely 

simulated process flow to be 
subsequently produced
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Non-ionizingenergyloss

V Irradiationwith 23MeV protons

atKIT

V NIEL factor of 2,5 with respect

to 1MeV neutrons

V 1016 neq/cm2 corresponds to 

21015 23MeV protons/cm2

Phosphorus implanted sa-

mples

V No significant differ-

rencein totalprofile

V Any observedinconsi-

stencyin the substrate

only

V Probably due to RSF

calculations
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Implanted Dose
6×1012 atoms/cm2, 90keV, 300nm

BeforeIrradiation After Irradiation

atoms/cm3 1.39 ± 0.62 0.987 ± 0.471
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20% reduction in 
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11B + p →12C*→α0+
8Be→α0+α01+ α02

11B + p →12C*→α1+
8Be* →α1+α11+ α12

11B + p →12C*→α2+α3+ α4
11B + p →12C*→12C +γ

Reaction 
Cross-section 

ů (mb) ŭů (mb) 
11B Ÿ 7Be 20 3 
10B Ÿ 11C 45 5 
10B Ÿ 7Be 22 5 
10B Ÿ 10C 0.1 estimated 
11B Ÿ 11C 38  

 

For integratedprotondoseof 5×1015/cm2, a total

cross-section of 70 mb and an initial surface

concentrationof boronin thesilicon of 2.53×1012

atoms/cm3, the surfaceconcentrationof reacted

atomscanbecalculatedto 3.54×1013atoms/cm2

Used in cancer therapy, thermal neutrons
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A p-typedopantusedin silicon

V Six timesmoremassivethanboron

V Alreadyusedin CMOStechnology

Betterproperties

V Higher diffusivity than boron in

silicon

V Positive segregation value

(movesform oxideto silicon)
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Radiationandimplantation

V No neutronreactions

V No aneutronicfusion

V Higherimplantationenergy
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1. Jointly designed mask with CNM to 

accommodate for SiMSlimitations

2. 6 individual regions: 

Å L1 P-Stop, C-Stop Well

Å L2 P-Well (P Multiplication)

Å L3 JTE

Å L4 N-Well

Å L4 + L2 N-Well over P-Well

Å L4 + L3 N-Well over JTE

3. September Run that was delivered 

in February
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Deep boron multiplication

region

V A 3μm deep implant

profile needed

V Diffusion thought the-

rmaloxidation

V Boron has negative

segregationvalue

V A quantityof boronwill

endup in theoxidelayer

V Implanted quantity is

enough for final

functionality
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SiMS ï Simulations for

multiplicationregion

V No gallium in the

substrate

V Simulation agreeswith

SiMSresults

V Gallium is implanted

but ends up in oxide

layer

V Needto readjustprocess

parameters
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Beamparameters

V Only single or double ionized

atoms

V AlreadyusedEnergylimitationsIm
p

la
n
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rs

ThermalOxidegrowth

V Volumeanalogy2:3 with respect

to silicon

V Oxide develops in silicon

interface
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n Threemechanisms

V Implantconsumptionby oxidation

V Implantregioncrossing(segragation)

V Oxidediffusionenhancement
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10e13 atoms/cm2 at 220keV
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ÅConclusions
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Prospects and suggestions

Conclusions

ÅBoron dopant extraction after irradiation
ÅGallium a promising solution
ÅInitial tests indicated no implant on substrate
ÅSeveral process difficulties

Prospects

ÅSeveral process runs with different parameters
ÅGood understanding of issues and process 

adjustments
ÅSiMSSimulations Comparisons on test productions
ÅNew runs after evaluation
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