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Problems with measuring
background...

•Extended peak tails
•e.g., crystal resolution, polygonization

•Detector artifacts 
•e.g., Ar or Xe absorption edges

•Sample artifacts 
•e.g., sample matrix absorption edges

•Analyzing crystal artifacts 
•“negative peaks” or “holes”



Extended Tails
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Polygonization

Basaltic glass (JDFD2)
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E.g., Ir-Si system



Detector Absorption Edges...
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And Interferences...
YPO4 (USNM 168499)
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Sample Absorption Edges
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“Holes” or “negative peaks”...



Secondary diffraction...



The Problem...
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High energy tail?

Self, P.G., Norrish, K., Milnes, A.R., Graham, J. &
Robinson, B.W. (1990): Holes in the background in
XRS. X-ray Spectrom. 19 (2), 59-61

Reed, S.J.B. (1993) Electron Microprobe Analysis
(2nd ed.). Cambridge University Press, Cambridge,
UK. 326p.

B.W. Robinson, N.G. Ware and D.G.W. Smith,
1998. "Modern Electron-Microprobe Trace-
Element Analysis in Mineralogy". In Cabri, L.J.
and Vaughan, D.J., Eds. "Modern Approaches to
Ore and Environmental Mineralogy", Short Course
27. Mineralogical Association of Canada, Ottawa
153-180

Remond, G., Myklebust, R. Fialin, M. Nockolds, C.
Phillips, M. Roques-Carmes, C. “Decomposition of
Wavelength Dispersive X-ray Spectra”, Journal of
Research of the National Institute of Standards and
Technology (J. Res. Natl. Inst. Stand. Technol., v.
107, 509-529 (2002)



Accuracy: Which Result is Correct?
Un    4 SiO2 synthetic
TakeOff = 40.0  KiloVolt = 20.0  Beam Current = 100.  Beam Size =   20

Results in Elemental Weight Percents
ELEM:       Ti      Ti      Ti      Ti      Ti      Si       O
TYPE:     ANAL    ANAL    ANAL    ANAL    ANAL    SPEC    CALC
BGDS:      LIN     LIN     LIN     LIN     LIN
TIME:   200.00  200.00  200.00  200.00  200.00

ELEM:       Ti      Ti      Ti      Ti      Ti      Si       O   SUM  
XRAY:     (ka)    (ka)    (ka)    (ka)    (ka)      ()      ()
   421 -.00121  .00064 -.00184  .00266  .00165 46.7430 53.2583 100.003
   422 -.00185 -.00063 -.00145 -.00118  .00245 46.7430 53.2552 99.9956
   423 -.00125 -.00024 -.00115  .00049  .00428 46.7430 53.2584 100.004
   424 -.00035 -.00183 -.00204 -.00348  .00197 46.7430 53.2532 99.9904
   425 -.00081  .00041 -.00226  .00279  .00226 46.7430 53.2586 100.004
   426 -.00146  .00015 -.00208  .00066  .00215 46.7430 53.2566 99.9990
   427 -.00223  .00069 -.00163  .00273  .00031 46.7430 53.2569 99.9998
   428 -.00260 -.00038 -.00128 -.00148  .00188 46.7430 53.2544 99.9936
   429 -.00225 -.00040 -.00184 -.00016  .00315 46.7430 53.2560 99.9975
   430 -.00179 -.00023 -.00217  .00003  .00393 46.7430 53.2569 99.9996
   431 -.00093 -.00056 -.00211 -.00105  .00368 46.7430 53.2564 99.9984
   432 -.00081 -.00131 -.00174 -.00043  .00116 46.7430 53.2549 99.9948

AVER:  -.00146 -.00031 -.00180  .00013  .00240 46.7430 53.2563 99.9983
SDEV:   .00069  .00075  .00036  .00190  .00117  .00000  .00168
SERR:   .00020  .00022  .00010  .00055  .00034  .00000  .00048
%RSD:    -47.4  -243.9   -20.0  1446.7    48.7      .0      .0

STKF:    .5878   .5878   .5878   .5878   .5878   .0000   .0000
STCT:  58006.2 22135.3 69567.4  3196.7 20203.5      .0      .0
UNCT:     -1.2     -.1    -1.8      .0      .7      .0      .0
UNBG:     81.1    30.8   105.1     2.4    27.7      .0      .0

ZCOR:   1.1969  1.1969  1.1969  1.1969  1.1969   .0000   .0000
KRAW:  -.00002  .00000 -.00003  .00000  .00003  .00000  .00000
PKBG:   .98516  .99692  .98305 1.00325 1.02500  .00000  .00000

Analysis of pure synthetic
SiO2. Note that different
spectrometers give
systematically different values
for this "blank" measurement
ranging from -18 to + 24 PPM.
Channels 1 and 3 are
spectrometers 2 and 3 with
LPET crystals and which have
the holes under the Ti peak
and yield negative
concentrations as expected.

The T-test sensitivity is about 6
to 9 PPM for individual
spectrometers, but the
systematic (accuracy)
differences in the different
spectrometers are significantly
larger.



The Blank Correction Itself
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Blank Correction Applied to Blank Standard
Un    4 SiO2 synthetic
TakeOff = 40.0  KiloVolt = 20.0  Beam Current = 100.  Beam Size =   20

Results in Elemental Weight Percents
ELEM:       Ti      Ti      Ti      Ti      Ti      Si       O
TIME:   200.00  200.00  200.00  200.00  200.00

ELEM:       Ti      Ti      Ti      Ti      Ti      Si       O   SUM  
XRAY:     (ka)    (ka)    (ka)    (ka)    (ka)      ()      ()
   421  .00025  .00095 -.00004  .00253 -.00076 46.7430 53.2590 100.005
   422 -.00039 -.00032  .00035 -.00131  .00005 46.7430 53.2559 99.9973
   423  .00021  .00006  .00065  .00036  .00187 46.7430 53.2591 100.005
   424  .00111 -.00153 -.00024 -.00362 -.00044 46.7430 53.2539 99.9922
   425  .00065  .00072 -.00045  .00266 -.00015 46.7430 53.2593 100.006
   426  .00000  .00045 -.00028  .00053 -.00026 46.7430 53.2573 100.001
   427 -.00077  .00100  .00017  .00260 -.00210 46.7430 53.2576 100.001
   428 -.00114 -.00007  .00052 -.00161 -.00052 46.7430 53.2551 99.9953
   429 -.00079 -.00009 -.00004 -.00030  .00074 46.7430 53.2567 99.9992
   430 -.00033  .00008 -.00037 -.00010  .00153 46.7430 53.2575 100.001
   431  .00053 -.00025 -.00031 -.00118  .00128 46.7430 53.2570 100.000
   432  .00065 -.00100  .00006 -.00056 -.00125 46.7430 53.2556 99.9965

AVER:   .00000  .00000  .00000  .00000  .00000 46.7430 53.2570 100.000
SDEV:   .00069  .00075  .00036  .00190  .00117  .00000  .00168
SERR:   .00020  .00022  .00010  .00055  .00034  .00000  .00048
%RSD:     ----    ----    ----    ----    ----      .0      .0

KRAW:   .00000  .00000  .00000  .00000  .00000  .00000  .00000
PKBG:  1.00002 1.00004 1.00000 1.00079 1.00007  .00000  .00000
BLNK#:       4       4       4       4       4    ----    ----
BLNKL: .000000 .000000 .000000 .000000 .000000    ----    ----
BLNKV: -.00146 -.00031 -.00180 .000132 .002405    ----    ----

Detection Limit in Elemental Weight Percent (Average of Sample):
ELEM:       Ti      Ti      Ti      Ti      Ti
  60ci  .00019  .00021  .00013  .00025  .00021
  80ci  .00029  .00032  .00020  .00039  .00033
  90ci  .00038  .00042  .00027  .00052  .00043
  95ci  .00047  .00052  .00033  .00063  .00053
  99ci  .00066  .00073  .00046  .00090  .00075

The "blank" correction is
applied iteratively to
improve the accuracy of
the background
calibration within the
matrix correction so that
the k-ratios and P/B are
properly calculated.



Aggregate Intensities for Improved Sensitivity
Un    4 SiO2 synthetic
TakeOff = 40.0  KiloVolt = 20.0  Beam Current = 100.  Beam Size =   20

Results in Elemental Weight Percents
ELEM:       Ti      Ti      Ti      Ti      Ti      Si       O
TIME:  1000.00     .00     .00     .00     .00

ELEM:       Ti      Ti      Ti      Ti      Ti      Si       O   SUM  
XRAY:     (ka)    (ka)    (ka)    (ka)    (ka)      ()      ()
   421  .00014  .00000  .00000  .00000  .00000 46.7430 53.2571 100.000
   422 -.00005  .00000  .00000  .00000  .00000 46.7430 53.2570 99.9999
   423  .00054  .00000  .00000  .00000  .00000 46.7430 53.2574 100.001
   424 -.00003  .00000  .00000  .00000  .00000 46.7430 53.2570 99.9999
   425  .00015  .00000  .00000  .00000  .00000 46.7430 53.2571 100.000
   426 -.00007  .00000  .00000  .00000  .00000 46.7430 53.2570 99.9999
   427 -.00025  .00000  .00000  .00000  .00000 46.7430 53.2568 99.9996
   428 -.00026  .00000  .00000  .00000  .00000 46.7430 53.2568 99.9996
   429 -.00020  .00000  .00000  .00000  .00000 46.7430 53.2569 99.9997
   430 -.00007  .00000  .00000  .00000  .00000 46.7430 53.2570 99.9999
   431  .00014  .00000  .00000  .00000  .00000 46.7430 53.2571 100.000
   432 -.00004  .00000  .00000  .00000  .00000 46.7430 53.2570 99.9999

AVER:   .00000  .00000  .00000  .00000  .00000 46.7430 53.2570 100.000
SDEV:   .00022  .00000  .00000  .00000  .00000  .00000  .00015
SERR:   .00006  .00000  .00000  .00000  .00000  .00000  .00004
%RSD:     ----      .0      .0      .0      .0      .0      .0

KRAW:   .00000  .00000  .00000  .00000  .00000  .00000  .00000
PKBG:  1.00000  .00000  .00000  .00000  .00000  .00000  .00000
BLNK#:       4       4       4       4       4    ----    ----
BLNKL: .000000 .000000 .000000 .000000 .000000    ----    ----
BLNKV: -.00093 .000000 .000000 .000000 .000000    ----    ----

Detection Limit in Elemental Weight Percent (Average of Sample):
ELEM:       Ti      Ti      Ti      Ti      Ti
  60ci  .00006  .00000  .00000  .00000  .00000
  80ci  .00010  .00000  .00000  .00000  .00000
  90ci  .00013  .00000  .00000  .00000  .00000
  95ci  .00016  .00000  .00000  .00000  .00000
  99ci  .00022  .00000  .00000  .00000  .00000

Using the blank
correction combined with
the aggregate intensity
calculation option where
duplicate elements on
multiple spectrometers
are combined for even
better sensitivity we now
get 2.2 PPM detection at
99% confidence and 0.6
PPM at 60% confidence!



Accuracy at the 400 PPM Level?
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