IE (and RIE) Calibration
with the ToF-AMS
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Principle to the calibration
-

Known
Mass In J B

® o ® — = Count lons
©o®

Measured

® The ionization (and transmission) efficiency (lE) is
the number of ions measured from a “known”
amount of mass.

® The Relative lonization Efficiency (RIE) is the ratio
of the |E of a species (e.g. NH4) to IEno3




“Known’’ amount of mass

The known amount of mass is based off of size
selected dry particles from an DMA system.

Typical sizes used in the calibration are 350 -450
nm. (| prefer 400 nm particles)

Short sampling lines are better in this calibration
Dry particles are important

Temperature of environment can also have an
impact on the measurement)




General Set-up

Diffusion Drier

g\ Ay

Nebulizer

CPC or bypass flow

® CPC is not strictly necessary for BFSP calibrations

® Keep sampling lines short if possible




Setting up AMS for measurement

® Use specificV and VW mode Calibration menus

dl; ToF-aMS DAQ 10| x|

5/13/2009 5:11:37 PM
ToF-AMS DAQ

Data Acquisition and Instrument Control Software
3.0.3 (06-March-2009) @P. DeCarlo, J. Kimmel,J. L Jimenez,
M.Canagaratna, J.Jayne, D. Worsnop 2004-09

Researcher(s) IPete

Experiment |Training|
Nmbr Name hodes Save Switch

‘' _El_pos M.P. 150.0 Y
2 W _El_po f 375.0 Y
ilil 3 Y Drive 5.0
; W pos F W 120.0
W _pos_F ] 120.0
W MS_Bis 60.0
" AST 60.0

) 3 W_1m f 12.0
Acquire | pTOF | ms | BF !: ECal_v 100.0

[E_wif ] 60.0

S 22009 4:28:55 PM: TPS Remote Control Connected.

Calibrate | Servo | BitWise | 4 PM: TPS Remote Control Enabled.

Flow Rate (cm3/is). -0.37 Fil. Emission (m&): 0.94 Chopper (Hz): 0.0
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Save and Closs Q)

ExampleV Timing

I Cloze and Undo All Changes [X) l

51372009 5:12:45 PM

Menu Summary  Timing | ToF-AMS | Averaging and Saving | AP240 | Anslog / Digital | Defaus |

Chopper Parameters

|1450 (0.0 Hz)

Chopper Frequency (Hz)

Data Defay (us) [1 00
ToF Speactra / Chopper f;OU Max Dva |
Nov Co-Adds [1
ToF-MS Parameters

Puiser Period (us) 25 400 (kHz)
Trigger Delay (ns) 3000

Nee of Samples |1 8976 Max miz |
+ Pulsa Width (ns) I-mo[j

- Pulse Vaath (ns) 2000

Timing Offset #s0 ( 100ns

Mass Cal: time = m*sqrt{mass) + b

Slope: 1673.67 Intercent: -47332

Fhe AP240 trigger delay should be fonger than the
ToF#IS pulse width Qo avoid saving pulse pickup).
That defay ajso determines the minimum mass

TOFMS wait Trigger is the difference between TOFMS

samples and the puise period. Muimunt of

approximately 8% required by the AP240 board. The

Recakulate I

PTOF Mode

V El_pos

PToF Mode: AP240 Averaging Time

Automatic Timeout
after 10 seconds

G

[ choppon——————
0 5 10 seconds

PToF Mode: AP240 Memory Usage (MegaSamples)

2 4 (Max)

Chopper Cycle Timing

Choppe
Open / }/

?00 ToF Extractions

. Data Acq. 5.0ms

MS Mode

77 T\
BAM Chopper
0

Particle Size Range: 0 to 1595 nm 145 Hz (6.9 ms)

Co-Adding is OFF. There will be 200 extractions,
adjacent spectra will NOT be summed, yielding
200 time bins. Each time bin is 25 us wide

Data Delay. 0.1ms

Wait For Chopper. 1.8ms
Minimum ~0.5 msec required

ToFMS Extraction Timing

Mass Spectrum Window: 18976 ToFMS samples

AP240 Trigger Delay 3000ns Mass Range
. Data Acq.. 18976ns m:;zwr;uur?n 2800

Wait For Trigger. 3024ns

vW_El_pos

V_pos_F2
W_pos_F2
V_MS_bs

YV MST _1m

i |
e |

=10] x|
Help

Menu 1

Menu 2
Menu 3
V_Drive
Menu 4
Menu 5
Menu 6

Menu 7

Menu 8
W im

Menu 10
IE_W

Tngger Delay + Wait for Trigger = 6024 (must be grealer than 5us)

Wap
2401 < hd

cammiBinating atthn npifen naving apdtbhas wart 1ny



510 | |[3 UUY

I 1 : D a .

Save and Close (Q) | Close and Undo All Changes () |

Example V Timing

51372009 5:12:45 PM

Menu Summary  Timing | ToF-AMS | Averaging and Saving | AP240 | Anslog / Digital | Defaus | N o Add
_|No Co S

V El_pos

Chopper Parameters

Chopper Frequency (Hz) IMS 0 (0.0 Hz)
Data Delay (us) [1 00

Recalkulzte I ~
> . . PTOF Mode
PToF Mede: AP240 Averaging Time T
R Automatic Timeout
JEEE L  cter 10 seconds
0 5 10 seconds

ToF Speactra / Chopper fgﬂl] Max Dva |, l
o [

ToF-MS Parameters
Puiser Period (us) |25 400 (kHz)
Trigger Delay (ns) 3000

Nor of Samples |1 8976 Max m/fz I
+ Pulsa Width (nz) I?OOD
- Pulse Wiadth (ns) IQOOO

Tining O1fset + 50 " 100 ns

Mass Cal: time = m*sqrt{mass) + b

Slope: 1673.67 Inkercept: -47332

Fhe AP240 trigger delay should be fonger than the
ToFIIS pulse width o avoid saving pulse pickup).
That defay ajso determines the minimum mass

TOFMS wait Trigger is the difference between TOFMS
samples and the puise period. Miutmun of

PToF Mode: AP240 Memory Usage (MegaSamples)

2 4 (Max)

G

Chopper Cycle Timing
/77 T\
BeAM Chopper
0

Chopoe)'/

Open /
?00 ToF Extractions | I
145 Hz (6.9 ms)

Particle Size Range: 0 to 1595 nm

Data Delay. 0.1ms _
Co-Adding is OFF. There will be 200 extractions,
-5 adjacent spectra will NOT be summed, yielding
. Deta Acq.- 5.0ms 200 time bins. Each time bin is 25 us wide

Wait For Chopper: 1.8ms
Minimum ~0.5 msec required

MS Mode

ToFMS Extraction Timing

Mass Spectrum Window: 18976 ToFMS samples

AP240 Trigger Delay 3000ns Mass Range
. Data Acq.. 18976ns m:;:guu% 2800

Wait For Trigger. 3024ns

W_El_pos
V_Drive
V_pos_F2
vW_pos_F2
V_MS_bs

YV MST _1m

e |
|

=10] x|
Help

Menu 1

Menu 2
Menu 3
Menu 4
Menu 5
Menu 6
Menw 7

Menu 8
W m

Menu 10
IE_\W

Tngger Delay + Waill for Trigger = 6024 (must be grealer than 5 us)

wap
2401 < hd

approx:mate!y 8% required by the AP240 board. The

1nay
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Example V Timing

Save and Close (Q) I Close and Undo All Changes [X] I 511312008 5:12:45 PM
Menu Summary  Timing | ToF-AMS | Averaging and Saving | AP240 | Anslog / Digital | Defaus | N - Ad d
_|No Co S
Recalkulzte I ~
Chopper Parameters -
PP - , , PTOF Mode
Cropper Frequency H2)  frasn . (0.0 Ho) PToF Mede: AP240 Averaging Time Automatic Timeout
Data Detay (1) fioo s Ghoppers———————— ___________ EECCEEC
0 5 10 seconds
ToF Speactra / Chopper fgﬂl] Max Dva |, l
Nee Co-Adds h
- PToF Mode: AP240 Memory Usage (MegaSamples)
ToF-MS Parameters _
Puiser Period (us) 25 400 (kHz) t 2 4 (Max)
Trigger Delay (ns) {3000
Ner of Samples ieare | mexmiz | Chopper Cycle Timing
+ Pulsa Width (ns) IQQOD / \\\
- Pulse Vidh (ne) Choppe By Chopper
Ase Width (ns) W Open ,}/ Open
Taming Offset & s (" 100ne 200 ToF Extractions | I
. . 145 Hz (6.9 ms
Particle Size Range: 0 to 1595 nm 269 ms)
Data Delay. 0.1ms _
Co-Adding is OFF. There will be 200 extractions,
Mass Cal: time = m* sqrt{mass) + b . ~a- 5 adjacent spectra will NOT be summed, yielding
Slope: 167187  Intercept 47332 Data Acq: 5.0ms 200 time bins. Each time bin is 25 us wide
Wait For Chopper: 1.8ms
Minimum ~0.5 msec required
MS Mode
ToFMS Extraction Timing
Mass Spectrum Window: 18976 ToFMS samples
AP240 Trigger Uglay=2000ns Mass Range
The AP240 trigger delay shouid be fonger than the . Data Acq.: 18976ns Minimum: 8
ToFIAS pulse width ®o avoid saving pulse pickup). ala 1. 1o% | i .
That defay ajso determines the minimum mass Maximum: 200
TOFMS wait Trigger is the differeuce between TOFIIS Wait For Trigger. 3024ns
fes and the puise d. ! T : Toi ; -y
z';fo;f;:u:y;ﬁ‘z'ewffgfay the AP240 board. The rmgger Delay + Wait for Trigger = 6024 (rmust be greater than 5 us)
1nay

=10] x|
Help

Menu 1
V El_pos

Menu 2
W_El_pos

Menu 3
V_Drive

Menu 4
V_pos_F2

Menu 5
vW_pos_F2

Menu 6
V_MS_bs

Menu 7
YV MST _1m

Menu 8
W m

e |
|

Menu 10
IE_\W

wap
2401 < hd




Save and Close (Q]

ExampleV Menu - Saving

% ToF AMS Menu - ToF-AMS Yersion: 3.0.3 (06-March-2009)

| Close and Undo All Changes X) |

Menu Summary | Timing | ToF-AMS Averaging and Saving | AP240 | Analog / Digial | Defauits |

« GenAlt

GenA

)

Number GenAk Cycles

" FastMS " Light Scatter

Dwell Time (sec)

T e

wopen [ Gosed 25
v o
A - |
Cycle Time (2) |25.0

—

Save Time (s) |103.0

Active
v

Calcuiate I

250 sfcycle x4 cycles = 100.0 sisave

l

[T Save onFixed Time Gnd

—

Wait Time After Save (3)

Data Files

Run Number

[V Auto Save Data

[V Save ITX Files

[V Save HDF Files

MS Deflate Level

¥ Fie Size IMB)

ompression

Apply

P

PToF Deflate Level

=

3.)

|.) Save BFSP, MS, PTOF
2.) Save itx and HDF files

51132008 5:14:41 PM

3.) Filter BFSP data for Am Nitrate

PToF

Nbr of Choppers |725 =50 sec

[~ Save Raw CH1 Data [“bin, *_phdl)

Channel .

'al
Data Filtening

" No Fiterng

Signal Threshold [0 =
(Bis) ﬂ
CH1: Fites foe AN
Q Paiticles
CH1: Fiter for Min Dva [ren)
" Patticles in Size —
Range Max Dva [nm)

—
—

CH2: Flter for [—
C Everts Row Sum [bits)

Single Species Chem Filter
[V Enable |Am Nitrate (30, 46) |

Uses (m1, m2, m3}  [0.5000,400

H 0

Hp0 =

User Thiesholds: |1

[~ Save CH1 Binary BFSP Data

Fast MS

Avg Time (s) IOSS v|
||

Closed Blocks (s) |5 0

# Cycles Open Block (s) |30 0

Ligh Scattering
Run Duration (s) |1 50 Particle Number |1

™ 2-Channal Recording (6024E)

RealTime Data

[7 Wike RealTimea (RT) File

Clear Existing I

Add to List

Remove Selecied
Reset To Default Values

[T Output Real Time Data to Seriad Port

V Outout TimeTrace £x4 (Redundant to RT)

New TT |
Serial Port

Com Port I 2 5:

|Paiity=Ncre  +|

Bowad Rate IQSOD

Stop Bt




BitWise: 3.0.3 {(06-March-2009)

M1:V-TOF : EI

Baseline & Peaks | MS: Ratios | Base I i n e C h ec I( O Utp Ut

Electronic Baseline I ]

MCP

PASS TOTAL - ‘ Menu

Val
Passes Completed: 54 13.31 bits (0.72) 13.31 bits (0.03)

-21.67 mV (0.57) -21.67 mV (0.03) Set (V) 1000
Read (V). 1007

raw electronic baseline

/ Set electronic baseline in ADC

13

/ Set Threshold value in ADC

15
17

19

. This graph shows the electronic
23 . noise around the baseline. In
general one does not want
vertical bars exceeding your
threshold value red line at
bottom. One should not adjust
the baseline to prevent this, as
that can reduce the linearity of
the ion measurement and
compromise data quality. The
next tests guide ones decision
T E R R W RS R AR S S S on the threshold value

—

Menu Baseline: -21.7T mV Menu Thresh: 4 Bits / 3.1 mV ov

Threshold Breaker Frequency (Hz) n Height Distribution (Hz)




VWhy to do those things

No Co-Adds - This gives better size resolution by a factor of 2.

Faster Pulsing - This increases the number of ions measured
and should improve the IPP measurement

® The measured IE value will need to be scaled by the ratio of the Pulsing Period during
calibration to the Pulsing Period during measurement

Save all Modes (with a focus on BFSP).

® The other modes are important for looking at doubly charged particle corrections (PTOF)
and RIE (MS) since signal to noise is higher in these modes

HDF and itx saving... itx files are needed for the |E calibration
procedure, and HDF files are needed for use in Sqgrl. Save both

Filter for Ammonium Nitrate Particles so you don’t save too
much data. This tells the DAQ software to only save BFSP data
if an AmmNit particle is detected




When Taking Data:

f@Mode Display - ToF-AMS Yersion: 2.2.8.BETA (06-April-2008)
M9 : V-TOF : El

ET | Raw 1S | Analog | Dizplay Seitings
iz 123 ] 1.1e-3 1

ugm3

- ® Make sure the SP Choppers / Files

1E2

AT is < 10%.

LY e This reduces the probabilty of 2
: R particles coming in during the same
M3 V-TOF : El 8 (FS: D.Dﬂaﬁggmaj

chopper cycle.

Cirganics (F3: 0.00:1"

1E-1

1E-2

1E-3

1E-4 ||
10

1E-4

e A .| @ Take a screenshot or 2 so

—BFSP

Ammonium Nitrate

. that you have an easy record
of the calibration (Airbeam,

Beam Blocked ulfate  0.074

2328
e 0.093
¢ -2.090

11.552 -

Particle per cm3:
391.12

) ; adi Current Run N
Acouite | Claar (F5 | Sto | ass Loadings :
i Fs) p Specics |uam3 et Approx Time 1

WS Duty Cyle:

PTOF Dty Crycle
BFSP Dty Cycle
Genaft Duty Sy




Processing Data




Loading the Data

Instructions To 2 S lonization Efficiency Calibration Panel v 3.1.3 anatse pate & Time[Erizime 183507 [
: Outputs Individual Particle Time of Flight Traces

[ J
Browse For BFSP Folder IE Average | Update pToF traces Sraph in NewWindow | particle # g[ Add to Blacklist

BFSP File Folder [Macintosh HD:Users:decarlo:Desktop:2008-0; | | [0.00e+00+/- [0.00e+0)

MS/PToF File Folder [Macintosh HD:Users:decarlo:Desktop:200 RIE Average
Compound[NH4N03 a BFSP Run #'S|4181 3-41823 I |000 |+/_ IOOO
Data Folder [bfsp_41813_41823 lons Per Particle

Starting AMU (set:3ut0m:3tic:3||‘~,')Di .. [000 ]+-[000 |

RFC

T—
L] I

miz List[30;46,15,16,17
MW of Anion [2____J0} ' ‘ [0.00 ]+-[0.00 ]
MW of Cation [18__JiS} 3 .) ther Outputs
Jayne. Shape Factor [0.8]i] loading 4182%raw particle cnt 221 | ...~ .E particle count 0
Density (9 cm*-3) [T72]8]  caipate & Time 52272008 64601 ] | | % Particles used in calc 0
Particle Dva Range: Low[0____ ][9] Single lon (bit*ns) MS AB_[1.2890e+05 ]

High [@__115] Selected Dm (nm)[0 ]ig] || CPC 999 | +/- [-999 |
Baseline #1 Range: LOD@ Co-Adds g e 1.2

| Minimum IPP for Anion [-9g] || Pulser Period (us)[25 ]
High [0__[9] >

i AN View Cale Inputs
Baseine #2 Range: Lom——J@]  Min PP for All Traces [9Y& [ P
High [0 1[S] Do It! Clear Graphs and Outputs

nd your “BFSPData” folder

nd your “AutoSaveData” folder
oad your Data

|. F
2. F
3.L




Processing cont.

Instructions ToF AMS lonization Efficiency Calibration Panel v : 4 nalysis Date & Time [5/1308_18:35:07 | []
Load BFSP Data Outputs Individual Particle Tim ®J ntTraces

Browse For BFSP Folder Erowse MS/PToF Folde IE Average Update pToF traces Sraph in NewWindow | particle #g[ Add to Blacklist

BFSP File Folder [Macintosh HD:Users:decarlo:Desktop:2009-0; | [0.00e+00+/- [0.00e+0) | :  artole femalion R

MS/PToF File Folder [Macintosh HD:Users:decarlo:Deskiop:200! RIE Average - Focnizessesnassennanans » ;
| Baselne Range #1 Particke Arrival Range Baseline Range &

— RFSP Run#s[d1813-418231 | | A =n .
e 00 Particle Time of Flight +-[0.00 | .
Per Particle o o A

icle - - Partide Summation Range
particle # [T ]S B Y- 00+ [000]
|- Add to Blacklist kangeﬁ 5 ) Part-:!i)e‘:\rnue_iﬂa"-;o:- Baseline Range ’{)O_I"'/- ro—oo—l

300 - e 17 . -_a Er Outputs

200 — article count 0
100 75 s usedincalc 0
: 2083 0.00005+00 |
69 | +- [-999 |
13 5-1)[1.823 ]
eriod (us)[25 ]

w Calc Inputs

phs and Outputs

—

Graph in New Window

Expand
100 150 Horiz Expand

Point Number (proportional to particle time-of-flight) Vert Expand
‘ Shrink
Horiz Shrink

Vert Shrink

ToF IE Calibration - Set Dva Range

1 )

4. Graph Data in New Window
5. Use Marquee function and right click to select the 3

areas for the IE calibration




Processing Cont.

[ Instructions | ToF AMS lonization Efficiency Calibration Panel v 3.1.3 anayss vate & Time 1508 183507 []
Load BFSP Data Outputs Individual Particle Time of Flight Traces

| Browse For BFSP Folder | Browse MS/PToF Foldef IE Average | Update pToF traces || Graphin NewWindow panicle#g[ Add to Blacklist
BFSP File Folder [Macintosh HD:Users.decarlo:Desktop:2009-0; | | [0.00e+00+/- [0.00e+0) ' Mariicie Semxaation Rengs
MSIPToF File Folder [Macintosh HD:Users:decarlo:Desktop:200)! RIE Average o ,,an,_,:m,,_ ;Ra,_“_ :
BFSPRun#s[41813-41823 | | '[goo  |+-[0.00 | T T
Data Folder [bfsp_41813_41823
mizList|30;46,15:16,17, |  starting AMU (set automaticaliy) [
MW of Anion [52___ | |_zt}<?|l2:r'/i|1| on LL;Z:H:;V;LAE Anion [0.00_1+# 008

Cation|0.00 [+ |0.00 |

MW of Cation [T8_____ |5} | Load Data Other Outputs

Jayne Shape Factor [08J8)  |535ing 41823 ecnt 221 | | final IE particle count 0
Density (g cm™3) [T72 |}  caipate & Time| 6 .) Tas01 ] || % particles used in calc 0

Inputs IE /AB [0.0000e+00 |

Particle Dva Range: Low[118 |9 Single lon (bit*ns) MS AB [1.2890e+05 |

High [126 1[5 Selected Dm (nm)[40)ig] = CFPC [-999 | +- [-999 ]

, Co-Adds @ Flow (cm3 s-1)

Baseline #1 Range: Lom@ o ) = Pulser Period (us)[25
High B Minimum IPP for Anion 2 [25 ]
N

[ “gk View Cale Inputs I B ‘
Baseline #2 Range: Low[120 7 Min IPP for All Traces 7] I I ' 50 100 150
High @ . | Do It! I [ Clear Graphs and Outputs l Point Number (proportional to particle time-of-flight)

Compound[NH4N03 =

lons Per Particle 00 miz 17

6. Check the Sl value, enter the mobility diameter used
in the IE calibration, adjust other parameters as desired

/.Click “Do It!”

Setting the min IPP to e.g. 2 is fine. Play with these numbers and
see how things change. Avoid setting too high of a min IPP...




[ Instructions | ToF AMS lonization Efficiency Calibration Panel v 3.1.3 anaws pate & time[5/1300 1857:a1 [
Load BFSP Data ‘ D U , o
| Browse For BFSP Folder | Browse MS/PToF Folde IE Average ¢ OUtPUt IS the lE’ RI E (better

BFSP File Folder [Macintosh HD:Users:decarlo.Desktop:2009-0; | §6.99e-08|+/- [1.73e-0§

MSIPToF File Folder [Macintosh HD.Users decano.Deskiop.200)! RIE Average to use MS mOde), lons per
BFSP Run #'s [41813-41823 | [415 l+-[015 | .
RS o _ -—" ——| particle, I[E/AB, Flow and
miz List[30;46.1516,17, | Starting AMU (set automatically) [§ anion 2327 14 [B77]

Data Folder [bfsp_41813_41823
. = Pulser Period
M of Anion 4 Clear All On Load(] Save Raw | | * " omrm | oo uiser rerio
MW of Cation [T8____ 5] Load Data Other Outputs

Jayne Shape Factor [08]B}  (535ing 4182:raw particle cnt 221 IEEYIE T Eeui ) e DiagnOStiC gr'aphs are very

: =N
Density (g cm”-3) Cal Date & Time [3/22/2000 6:45:01_]

~inputs S | useful for interpretation
Particle Dva Range: Low[112 |9 Single lon (blt*ns)

iah [136 ] Selected Dm (nm) [Z0)§] CPC [999 ] +- [055] h IE/ B : h b
v [125 i) copdds e | | Fowemas-nizz] | ©® [he AB is the number
Baseline #1 Range:LoE 0 S g .

High B2 @]  Minimum IPP for Anion [2](5] Pulser Period (us)[25 ]

o aseine #2 Rangs: Lo[Ea—J@]  Min IPP for All Tracss View Calo Inputs that should be used for inPUt

Compound|NH4NO3 $

High @ | Do It! | Clear Graphs and Outputs || into th e DA . .

“Histograms for lons Per Particle L LT 1 1 Average |IE and RIE.

6—

47 : RIE cation
2 —

cation




Input into DAQ: IE/AB number

If your pulser period is different for your
Calibration menu, then the |IE you input will be
different than the |IE you measured, but your |IE/AB

will be the same!

|IEbAQ = |EMeas ™ PulserPeriodie/PulserPeriodac

Or alternatively:

IEDAQ IE/ABMeas g ABAcq

Where |Epag is the value to input into the Menu in
the DAQ software




More information

Theoretical explanation of Mass Quantification with AMS see
section 5 of:

® |imenez et al. Ambient Sampling using the Aerodyne
Aerosol Mass Spectrometer |GR, 2003

See Edward Dunlea’s presentation from AMS User’s Meeting:

http://cires.colorado.edu/jimenez-group/UsrMtgs/UsersMtg//
ie_cal_tutorial.pdf

ipf for |E processing:

® http://cires.colorado.edu/jimenez-group/
ToFAMSResources/ToFSoftware/index.html#ToF |E_Cal



http://cires.colorado.edu/jimenez/ams-papers.html%23Jimenez
http://cires.colorado.edu/jimenez/ams-papers.html%23Jimenez
http://cires.colorado.edu/jimenez/ams-papers.html%23Jimenez
http://cires.colorado.edu/jimenez/ams-papers.html%23Jimenez
http://cires.colorado.edu/jimenez-group/UsrMtgs/UsersMtg7/ie_cal_tutorial.pdf
http://cires.colorado.edu/jimenez-group/UsrMtgs/UsersMtg7/ie_cal_tutorial.pdf
http://cires.colorado.edu/jimenez-group/UsrMtgs/UsersMtg7/ie_cal_tutorial.pdf
http://cires.colorado.edu/jimenez-group/UsrMtgs/UsersMtg7/ie_cal_tutorial.pdf
http://cires.colorado.edu/jimenez-group/ToFAMSResources/ToFSoftware/index.html#ToF_IE_Cal
http://cires.colorado.edu/jimenez-group/ToFAMSResources/ToFSoftware/index.html#ToF_IE_Cal
http://cires.colorado.edu/jimenez-group/ToFAMSResources/ToFSoftware/index.html#ToF_IE_Cal
http://cires.colorado.edu/jimenez-group/ToFAMSResources/ToFSoftware/index.html#ToF_IE_Cal

