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What is a “Range”? Simulated samples ZnFeS spheres in FeS: 1 -4 nm radius Software Considerations

“Integer Occupancy” is an assumption in many of the algorithms used for User Input Needed (i.e. your input needed)

Tra.diti.onal. Interpretation: . To demonstate the technique and test its limits, two series of A simulated sample of 10 ZnFeS spheres / \ After defining an isosurface and cr.e.ating tAr:tetr applylr;g nev;/] rang.es, ?nz dlrg.ensmzna’lvpz)r(;fél.e; thtr.?uih s orocessing ranged data. However, conversion to fractional occupancy is
/ Anionin this peak corresponds to exactly 1 ion. datasets were made for systems that exhibit significant peak arranged in a BCC pattern in a matrix of FeS Y [nm] an ROl for the spheres, Decomposition of e two center spheres: (cylinder diameter . identified sphere diameter) straightforward in many cases. We are very interested in how fractional occupancy might impact
A .rrng file specifies exactly which ion in should be, i.e. one Si* overlaps. was made. The ZnFeS sphe.res have a 4-1 r.atlo 0 Perzlzs zgiil:fﬁ::::: ;I?grieest.e?rs\zvn:n Pee?re 4 nm diameter: . | . . N | N other more esoteric analysis techniques. And we are very sensitive
ion, or one N,*, or one Fe**, or whatever. of Znto Fe. The ion populations used were: g P Grid concentrations, ratio fractions, composition profiles, composition to the needs of users of software when attempting to implement
2 , ; For both S/Zn and N/ Si, majority components of both 3 1 . | | ) maps, and proxigrams can all be easily derived from fractional occupancy such a feature.
10 We refer to this as “integer occupancy species overlap. FeS matrix: ZnFeS precipiates: 4 . Fe:0.950 - i_) 60— -,_, ' M = I ;-b_ -i < -_-jﬂ } T l; —.} I - data. The main change is accumulating floating point values instead of
- - ;~-J T/ T NIV AALNT :/ \TA\T+ | At T\ A .;./ \INT . . .
Fe* 5% 6.870 27.160 S 1Rl ’( H Jﬂ%ﬁ:‘? E K R * EI%E% X3 I/HL*W = I \1( Inthe case of the 4 nm diameter integer values. Does “fractional occupancy” as a software feature make sense? Are
Fractional Occupancy Interpretation: Fe* 25% Fe™™ 5% 26.570, 27.169] € 40— _';*3 | i\ 73] I | L*'li' I L =T TH T f:":{'f ¥ spheres, the calculated compositions there better terms for describing how it works?
An ion in this peak corresponds to some combination of Fe™ 25% Zn*  20% 10 4 - Fe:0.007 '% 1 4 Jr' , il L . of the spheres are as expected: However, some analysis techniques are not as easy to convert for
fractional representation of one or more ions. Zn and S Peak o‘,erlap at 32 — 36 Da: St 40% /ntt 20% / o .‘Ea : : “ | \ | \ example, Cluster Identification algorithms use neighbor calculations to How should fractional occupancy range be d|Splayed and edited in
For example, it might correspond to 0.78 of a Si* ion, and 0.21 i 647 it 667 tt 687 i+ ++ 0 & A\ T | T H . - : . iy
, ) Zn Zn Zn S 10% O \ T 7n TN such algorithms to fractional occupancy. occupancy values came from when using Decomposition of Peaks
O of a N," ion, and 0.01 percent background noise. 677 [55.835, 56.134] ~ - e nl L .
102_. n 70 e . 0 . O IlIllllllIIII[IIIIIIIIIII]IIIIIIIIIII]I]]IIIIIIIIIIIIIIIIIIIIIIIIIIIIII . . . . . . . . tosetthevalueS?WluuserSunderStandthedownStream
We refer to this as “fractional occupancy” : 7N Addifu(;ntallt):; az2 f noise bfckgrdound Yvags . 4 . Fe:0.900 0 : 10 15 20 55 20 a5 gnother 3|\t/\u/atr|]on Wh.er(;aér.lftfeger occupancy |sdco]rc1ven!ent |ls N renderlng implications of fractional occupancy ranging?
TTT | 3 i appliedto the entire spectrum,decayin Distance (nm) atasets. Ve have tried different ways to render fractional occupancy ion
28.5 o quadratically with increasing Da. » / yi [“m] [28.368 , 28.667] 3 nm diameter: maps, but the current methods used for integer occupancy and seem to How might the statistical error in calculating the fractional
Our Motlvgtlon: . . 1077 i i , y AT I B . be the most straightforward. occupancies be made visible to users? Is itimportant to propagate
Mass to Cha rge State Ratio (Da) Implementing ranges with fractional occupancy shoulo! allow i} The resulting data should correspond gxactly iy “ . £n:0.198,5:0.801 e the error through other calculations?
the effects of known peak Ovel‘lapS and baCkground noise to 328+ ‘ to FeS in the matl’iX, and to ZnO'SFeo_ZS in the ) s I . qe Fractional occupancy easily Supports backwards Compat|b|l|ty That iS,
be meaningfully and more consistently incorporated into 2 . spheres. 20 [31.865, 32.171] 2 For the 3 nm diameter spheres, the where previously a range was defined associating a range to an integer ion In short, what other software support will users need to take full
downstream analyses. ‘g | 4 7n:0.943 S:0.054 § calculated compositions of the spheres now asscoiates that range to a “fractional” occupancy of 1.0. Allthe advantage of this feature?
v 1 36+ Arange of simulated datasets was prepared / e = begins to degrade. successive calculation should be unchanged.
o ‘ ' ranging from 1 nm to 4 nm diameter spheres. / [32.863 , 33.170] ‘5
® There’s an (incorrect) increase in
3 3 35 36 Data Analysis 4 Zn:0.980 *é identified S inside the spheres, and a
® ® Mass to Charge State Ratio (Da) ::;.::,-}-:.5_:'::.:.5 i o8N | e 40 33364 33663 & | | corresponding decrese (also incorrect) in
I m p I e m e ntat ] O n ] n IVAS Afterimporting to IVAS, a .RRNG file was LEEE GE O S EERER P POy ;O 53504, 33,0004 S ‘A the identified Zn. . _
loaded corresponding to each component. No g, 1o e e 298 T : o RS A -.ii}'f.:g:i ] B 4 7n:0.689 5:0.308 I
| overlapping componants were defined i the R TS P [ 008950 0 e eriving an integer-occupancy aatase
N and Si Peak Overlap at 28 - 30 Da: RRNG file. The only ranges assigned to Zn were E RYIS SRR <. o R | I 20 [33.862, 34.167] 0 ) 10 1> el = "l =
those without S overlaps. SN ] X S A S SRl RPN 1 N B 10 Distance (nm) When needed, a fractional occupancy dataset can be RemA RemB lon The firstion is determined to be A. RemainderAis
M M . 14N+ | o e e s R A = Seus SETU SIS ¥ I K ) 4 Zn:0.900 . converted to an integer occupancy dataset if needed, but with 0.5 0.5 A incremented to 1.2, and RemainderB is incremented to
Vid iLe 2 . AR TSR A SN [ I R 0 2 nm diameter: : . " 0.2 0.75 e - L
. 14N 15N+ An isosurface was generated from the Zn ion N IR B I | X [nm] 3 3 Forthe 2 nm diameter spheres, the some dataloss. The algorithm we use is an accumulative 0.9 0 A 0.75. 1.2is largest and greater than 1, so the ionis A and
‘5 10 counts, which was used to identify an RO — — : 2 | 10 [34.863, 35.162] g _. statistics of the composition calculation model, which we use for rendering the ion maps: 0:6 0.25 A RemainderA is decremented to 0.2. The process continues
Traditionally, the ion assignment for a - . 1SN, associated with the spheres. The isovalue 20 4 . Fe:0.966 =80 : begin to get challenging. 03 05 A iterative¥y for each datapoint, with the previous remainders
particular range can be defined by a [Ions] o was chosen at maximum slope of the B o . The goal of the algorithm is to assign each datapoint an integer 0 075 B used as input for the next cycle.
RRNG file. I;Igr:tic_agiz I |- proxigram. lon map shown before any fractional occupancy ranges are defined. [53.840, 54.139] < " _\‘r InT—- TITl The statl.s.tlcal error appllfas both to the. ion. Eac?h cand.id.a.te.lon with fractional occupancy is assigned gz 0.%5 ﬁ | . ) .
Ionz;N i N Zn ions shown in green are from Zn peaks that have no Overl_aps with S. 4 . F .O 800 ‘C’ B A". / .'.| ".—l‘é CompOS|:t|0n calculationin the 1 D prOfIle’ a "rema|nder", initialized at 0.5. 0.1 0.5 In this example, the 9 and.25 data pOIntS are not drawn -
Here’s how we propose extending the 28G+ 290G+ 30G;+ Decomposition of Peaks was then used to 1% of the Fe and S ions are displayed e e 1l / AT but a.lso in the Peak Decomposition 0.8 0.75 A they represent backgrognd 1ons. Over a larger sample,
standard .RRNG file to specify " . 102 supply fractional occupancies for each ROI. Spherical clusters are arranged in a BCC pattern . — S 40 ITL[+Y] | algorithm The algorithm is iterative: For each ion coordinate in the range: 0.5 1 B exactly 5% of the coordinates will be background, 75% of
occupancy lEIur?nEgiS; 3 _ \ / [56.835, 57.134] e X114+l ;l 1.2 0.25 A the datapoints will be lonA, and 20% of the datapoints will
Rangel=27.8 28.2 V0l:0.02 Occupancy:0.78 Si:1 Color:CCCCCC O 4 [ Fe:0.500 §20-:‘ | I::;epfesrglsl ear;‘;rénczhr‘:;:sg:gﬁ;z;”CSrfSee Q)Cii:f;r:i;ﬂainderisincremented by the amount of its lon's 8:2 8;55 ﬁ be lonB.
In the past, if a single range was used Range2=27.8 28.2 V0l1:0.04 Occupancy:0.21 N:2 Color:33CCFF 1077 | O 2 ) ) 2 . . 0.3 1 B
- - R =28.8 29.2 V0l:0.02 O :0.99 Si:1 Color:CCCCCC A ARAARRA MAALLRAR ALAALEARS! AALAARM A 7.833, 58. - in the identified Zn. There is also an This strategy is deterministic, in that it produces the same
more than once in R.RNG file, the exact Rangei_zg : 29.2 Vol.@ 04 Occupancy.@ 001 N]'-Z Color‘.33CCFF o 28 2 2 0 PDISS3, .13 v 0 T T T T T[T T T T T T[T AT T T T[T T AT T AT [T T T T A T[T T AT T A T[T I T T oo T anomaly of unknown origin adjacent to B) if the Candidate lon with the highest remainder has a 1 0.25 A tout gyt- : th : tp
behavior was undefined. IVAS has up aNgea=so. ) © e ccupancy: | . 0 OP: Mass to Charge State Ratio (Dal 0 5 10 15 20 25 30 35 h b di - 95 remainder of greater than or equal to 1.0, that lon is chosen for 0.7 0.5 A output every time given the same Input.
until now worked on the “last one wins” Range5=29.8 30.2 V0l:0.02 Occupancy:0.99 Si:1 Color:CCCCCC . one sphere at about distance = nm that dat ¢ and its remainder is r 1.0. Itis 0.4 0.75 A
Distance (nm) at datapoint, and its remainder is reduced by 1.0 0.1 1 B Th is al f inulati fthe initial ind
principle. possible that no lon has remainder of higher than 1.0, in which 0.8 0.25 A ere IS alsoroom for rnampu ation O. t e. Initial remainder
case that datapoint is considered ‘background’. 0.5 05 A values to generate a different deterministic output from the
0.2 0.75 B same input. That s, if different values are used for the initial
Here's a table that shows how the process works for 15 ion 0.9 0 A remainders, different ion assignments will be made. This
B) via Pea k Deco OSition coordinates in a range with lonA at 0.7 occupancy, lonB at 0.6 0.25 A could be useful for multiple runs of a cluster search
i SiN / Si with varying layer thickness 03 85, s usng tactonalcccupancy nputta
When a “Decomposition of Peaks” node lons Mass Spectrum Decomposition Bulk Composition Decomposition Detail Table 5 n m 2 n m 1 n m
is defined for a region of interest (ROI), / \ / \
the result of the decomposition is exactly Name Y| M Lo.. =« |High... | Uncorrected C... | Background C... | Decomposed Count , , , : e . / \ o
the information required to define the Naje 1aj.soos ?3.888 13202 : ec1;1 513 o Ougg 612 S O;:;z Simulated samples of SiN and Silayers were After ROl definition and Decomposition of / . \ Before |der1t|f|cat|on of the fractlor?al / : 0 \ / 0 \ P rEVI O u s WO r k
fractional occupancies for ranges. S+2 | 27977 13888 14202 101513 09,612 92,150 made with ion populations similar to a real Peaks, fractional occupancies are iy '~J, i ° occupancies of each range, there Is enough . .\% : For the 2nm layers sample, the isosurface L r————— References:
Si+2 | 28076 14388 14687 4'814 4'730 4'730 sample. The ion fractions used were, automatically assigned to ranges using 2t PR SRR AR Vlle e f : information to partition the sample into two @#‘%,‘ T %ﬁ—»i«\.- o definition has lost some fidelity, and the :
Weoe>.<plored implementing a strategy for N+1 | 15000] 12887 15210 3303 3313 >3 . . the Peak Decomposition results, resulting o ROls. v , m T d.eli.neation between the two ROls is more Much work has been done on spatially resolved peak decomposition, Kuduz, M., Schmitz, G., and Kirchheim, R. (2004). Investigation of oxide tunnel
defining occupanme.s.by S|mp.ly copying Si +2 20074 14887 15210 3303 3313 3118 Si layers: SiN layers: ranges like these: Once the ROIs are defined, Decomposition of e ol S pOERRGIETS, S0 e e S zn.."ﬁ. 3 difficult. . and indeed, various strategies for applying peak deconvolution to barriers by atom probe tomography (tap). Ultramicroscopy, 101(2-4):197 -
the Peak Decomposition fractions. NZ+1 = 28006 27877 28.205 86,562 85,787 63,350 Si* 25.8% Sit 10.1% b Peaks operates based on just the ions in the ROI. ASES . *,_.M ' N Aft ning the fracti l . improve experimental results have been successful. The references 205.
Any SubROI node or Detached ROl node Ml | ST ST S 86,562 85,7871 22437 Si** 73.6% Si**  53.2% . . . . » ol erassigning the fractionat occupancies, listed here are only a small sampling. , , .
caz override its ranging by selecting an 51 | 20003| 22876] 20213 1722 1692 prom " 0.40/;’ N, 20.8% 4 S1:0.904,N:0.077 The resulting pPTak decompOSIt!onS are used to T tirni ':“M the one dimensional profile for the 2nm layer y PHNg London AJ, Lozano-Perez S, Moop!y MP, Amlrthapandlgn S, Panlgrghl BK,
« ) ’ S5 +1 289076 28876 29.213 1722 1692 1139 Hot 0.1% SiN* 1. 1% [13.888, 14.202] define the fractional occupancies of each range i - - . sample shows worse agreement with the What i i thi Kis i l i fracti |. Sundar C.S’ Gr.oveno.r CR. Quantification of oxide particle F:omp03|t|on in
lon Build Strategy”. 2 1% | 1% identified in the d . R T et et e o e O atis new in this work is implementing a fractional occupancy model oxide dispersion strengthened steel alloys. Ultramicroscopy. 2015
N2+1 | 30000 29874| 30210 766 752 0 Si,N**  1.4% 4 $i:0.979 20Z [nm] identified in the decomposition. RISt R | 202 (nm) expected compositions. 20Z [nm] ranging treatment as a general purpose feature of software (see the | .
The "Peak Decomposition Verbatim™ o 297| 281] 30210 760 122 = N+2 2.8% N After assigning fractional occupancies, the 1D title of the poster!) DecHBo R 2:580-7.
' ' [14.388, 14.687] ’ : : L e . N.
sDtrategy ap!c;.lles t?li reiul:s of the N,H*  0.14% _ ’ profile for the 5nm layer sample shows good While the SiN layP;r IS.StIll |der(')1t|f|ed as I.oeln.g London AJ, Haley D, Moody MP. Single-lon Deconvolution of Mass Peak
- CCOMPpOsItion o Feaks to Svety range NH* 0.03% ‘ 960955, N:0.009.NFH:0. agreement with the expected compositions. A .app.rommately 50% Siand 50 /° N, the tidelity That is, there may be many ways to define regions of interest, or to Overlaps for Atom Probe Microscopy. Microsc Microanal. 2017 Apr;23(2):300-
\dentified in the Decomposition. SiN* 1.1% [14.887, 15.210] 30 cylinder ROl was used for the profile to avoid = Is slightly worse than.fo.r the .thl.cker-layer . 30 apply different fractional occupancies, based on spatial techniques. 306.
The resulting ranges are displayed in the ) 5:0.904 N:0.077 . H* 0.28% 4 $i:0.228 N2:0.761 edge effects from most of the sample. san.1plesr.1. Th? errors |r:j|dent|fy|ng the pure Si Many, if not all, of these techniques, could use a fractional Enobers DLI. Joh s | | der M. Hult | Resolyi
: 1:0.904 N:0.0/ H.+ 050 rEEE e regions have increased. : . ngberg DLJ, Johnson LJS, Jensen J, Thuvander M, Hultman L. Resolving mass
Mass Spectrum Analysis Pane. e 13000 2 0.05% 27.877. 28.205] The errors (a small level of N in what should be X occupancy approach to leverage those techniques spectral overlaps in atom probe tomography by isotopic substitutions - case
3. . 14, Additionally, a 2% noise background was | ragi _Aui ) T . iSi15N. i _ : -51-60.
aoplied to ’z\e entire s ectrurf decavin 4 Si:0.577,N2:0.279,N2H pgre Sl.reglons) ‘f’md not qwt.e o0 59 split |.n Fh,e 20 10 0 -10 -20 Conclusion: We hope that our proof-of-concept in integrating fractional of NSITSN. Ultramicroscopy. 2018 Jan;184(PL A):51-60
“ 51:0.979 PP : PRI g : ’ ying - - SiN regions are likely due to imprecise definition X [nm] occupancy into the IVAS platform will be enabling for everyone trying T i i
Here, Decomposition of Peaks has quadratically with increasing Da. [28.876, 29.213] of the isosurface separating the two ROls. The most important factor for success in - 20 . London AJ. Quantifying Uncertainty from Mass-Peak Overlaps in Atom Probe
: PIRE [14.388 , 14.687] : , , . P . . X [nm] to overcome peak overlap challenges in APT data Microscopy. Microsc Microanal. 2019 Apr;25(2):378-388.
dentified: 00 IHTO The resulting data should correspond exactly “ 51:0.975,N2:0.001,N2H Isosurface defined for 5 nm Si/SiN layers (pre-decomposition) The profile below compares the compositions Isosurface defined for 2 nm layers. Exact isovalue chosen to using Decomposition of Peaks for fractional Isosurface defined for 1 nm layers. Exactisovalue chosen to
4 $i-0.932 N:0.009 NH:0. 100% Si in the Si | dto 50% Si / [29.874, 30.210] Exact isovalue chosen to minimize noise between interfaces. before and after adjusting for the peak minimize noise between interfaces. Interface definition is occupancy assignments is a clean minimize noise between interfaces. Interface definition is very
The peak at 14 Da is .904 Siand 0.077 N | | to 100% Stin the Sitayers, and 1o 50% Si | Interface definition is good. Only SiN* and SiN,** ions shown q " becoming poorer. Only SiN* and SiN,** ions shown delineation of the ROIs oor. Only SiN* and SiN,** ions shown
[14.887 . 15.210] 50%N in the SiN layers if only the Siand N B . Si2N:0.985 \ . 2 / ecomposition \ / \ poor. y 5 /
The peak at 14.5 Da is 0.979 Si and 0.021 . 0998 N0 76 atoms are considered. [34.878, 35.177] I °
. V.22 U/
noise. ' - : : : : : : : : L
21877 28209 Arange of simulated datasets was prepared 4 | si2n:0.954 One dimensional profile through sample., Wlth 0\{erlay of raw One dimensional profile through sampl(?,.shom.ng only composition One dimensional profile through sample, CO n C u S I O n s
The peak at 15 Da is composed of 3 ions, 21877, 28, ranging from 1nm thicknegs in each layer (2nm 35378 . 35.677)] (overlap peak 50-50) and peak-decomposition-adjusted ranges calculated from peak-decomposition-adjusted ranges adjusted ranges | | | | | |
Si, N and NH E Si:0.577,N2:0.279,N2H period) to 8 nm (16 nm period). 4 [ si2n:0936 i Wl 5= & o i . The fractional occupancy ranging strategy is both Our proof-of-concept implementation of fractional
28.876 , 29.213] Data Analysi 35.877, 36.176] . Peakgz;’i‘:\?dpgis't'on —. 80 - useful for handling peak overlaps in atom probe occupancy in the IVAS demonstrates feasibility as a
| | | ata Analysis vIis & ] i : : i
The peak at 28 Dais .228 Siand .761 N, ) 575 0001 Mot y + [ si2n0448 ] - o- i data and can be applied to any system that has peak general purpose technique, able to be integrated with
The peaks at 29 and 30 Da are both o on After importing to IVAS, a .RRNG file was 36377, 36.676) g JH- 5 60 For1nm layers, < 6077 overlaps. It may also be useful simply as a strategy other APT data analysis techniques.
composed of 3ions, Si, N, and N,H [29.874, 30.210] loaded corresponding to each component. + [ si2n0304 s Raw N Z th.e ROI dellndefr’flon § ] for handling background subtraction
Overlapping components were assigned to be c c i IS POOr, andthe = _ '
eOIuallsl/O Siviiled b(laotween each Compgonent. FOSIY, A5 5 o3 s Sptone 2 40 layer compositions .S 40— Our thanks to members of AP Suite development team
: : AL 092 = aw ol : (0 - areno longerclose £ - . - . . . .
C ° M l Ed oto lon Occupancies X (I.e.,the 28 Da peakwas aSSIgned to be 50% B . SiN:0.983 g - lonic 'E - at all to e)g(pected :;-j _ When u5|ng the Decomp05|t|0n Of PeakS mEthOd fOF for aSS|Stance N deVEIOpment, eSpeCIa”y EI‘IC Strennen,
N,* and 50% Si* . 5 Decomposed a) & . . . oy . . .
) Via IMianua Iting oo o 2 6 Si*) [41.880, 42.179] 3 ] o e 8 0 values. S - automatic setting of occupancy fractions, it is Jim Payne and Brian Geiser.
iN: 20— Peak Decomposition R At 5] 7 - : : -
lon Name Occupancy An isosurface was generated from the SiN*, 4 Il S0 . Dafihe de 7 Dicply Ervar B S ~ - important to be able to define regions of interest
. . : Si 0.950 i-N** + i 42879, 43178 . 7 - . .
There’s also a simple editor Ul for adding ~ = 3'2'\:,{ a”thz COUI‘tS’ l"’ht'Ch Vp\z/gT used to .[ >170} . - i appropriately and consistently. We show that
fractional occupancies to arange partition € sample Into two S. 4 SiN:0.870 B LA LA LA LA NI LI L L N I N N L B B B T‘ﬁmvﬁmmﬁw'mﬁ . . .
P g Decomposition of Peaks was used to supply 43877 44176) 0 2 4 g 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 0 7 4 6 8 10 12 14 16 13 20 29 24 26 53 20 . : LA L quallty of the data analy5|s suffers when the regions
. ] J.0/l 1, 44, v i . .
v I fractional occupancies for each ROI. Distance (nm) . Distance (nm) of interest cannot be delineated well.
anee K / K Distance (nm) /




