Analysis of CO ®°8-source data. Data set consists of 1805
time stamped waveforms recorded at 145 GSa/s.

n= SetDirectory[" ~white/Desktop/4mt2" 1;
Drop[Fil eNanes[], 1] // Length;
ntrace = %

ouzl= 1790

nar= Namelist = Drop[Fil eNanmes[], 17;
time = Transpose[l nport [Namelist [[1]], "Data"11[[1]];
nbins = Dinmensions[tine][[1]]

outsl= 15986
n7= trange =time[[nbins]] -time[[1]];
t[bin_]:=tine[[1l]] +trange » (bin) /nbins
bint [tvar_]:= (tvar -tine[[1]]) »nbins /trange
in[10):= Noi semax = 7500;
Print ["Do noise analysis for the first
(t [noi semax] -t [1]) x10°, " nanoseconds" ]

front = Transpose[l nport [Namelist [[1]], "Data"1]1[[2]];
back = Transpose[l nport [Nanelist [[1]], "Data"11[[311;
of fset = Mean[Take[front, noi semax]] // Engi neeri ngForm

Do noi se analysis for the first 46.8658 nanoseconds
Out[14]//EngineeringForm=

-428.374x 107

Front and Back are the 2 APDs which face eachother. Front

is closest to the CO ®° source. Back triggers the scope.
The first 47 nanoseconds are used to extract the baseline
correction which is typically ~ -.5 mV.

Inspect some waveforms

5= Graphi csRow[ {Li st Pl ot [Tabl e[Transpose[{Transpose[l nport [Nanelist [[i]], "Data"11[[1]1],
Transpose[l nport [Nanelist [[i]], "Data"]11[[311}1, {i, 20}1,
Pl ot Range - {{-0. 000000002, . 000000004}, {-.25, .2}}, Joined - Truel,
Li st Pl ot [Tabl e[Transpose[{Transpose[l nport [Nanelist [[i]], "Data"11[[1]],
Transpose[l nport [Nanelist [[i]], "Data"]11[[21]1}]1, {i, 20}1,
Pl ot Range - {{-0. 000000002, . 000000004}, {-.6, .5}}, Joined -» Truel}, | mageSi ze -» 600]




2| ludata4.nb

ine)= t noi semax =t [noi semax]
oufisl= —2. 68056 x 107°
7= Graphi csRow[{Li st Pl ot [Tr anspose[{tinme, front}], Joined » True, Frane -» True,
Fr ameLabel - {{"An‘pl itude ()", }, {"ti me-", “Noi se (f ront )}}
Pl ot Range -» {{-0. 00000005, tnoi semax}, {-.015, . 015}}],
Li st Pl ot [Tr anspose[{tine, back}], Joi ned » True, Frane - True,
FraneLabel - {{"Anpl itude(V)", 3, {"ti me-", "Noi se (back) }}
Pl ot Range —» {{-0. 00000005, tnoi semax}, {-.015, .015}}]}, | mageSi ze - 600]

Noise(front) Noise(b
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mep= dt =time[[2]] -tine[[1]] // Engi neeri ngForm
f =1/ (tinme[[2]]-time[[1]]);
fftrange=f /2
Out[18]//EngineeringForm=

6.2x10712
outzo)= 8. 06452 x 1010

RMS noise and baseline

ne1= basef = {}; noisef = {}; baseb = {}; noiseb = {}; frontl = {}; backl = {};
fbin={}; bbin={};
i wave = 1000;

inza;= Do [
frontl = Take[Transpose[l nport [Nanel i st [[itrace]], "Data"1]1[[2]], noi semex];
backl = Take[Transpose[l nport [Nanmelist [[itrace]], "Data"]1][[3]], noi senax];
AppendTo [basef, Mean[front1]];
AppendTo [baseb, Mean[backl]];
AppendTo [noi sef, Root MeanSquare[front1]]; AppendTo[noi seb, Root MeanSquar e [back1]7];
, {itrace, iwave}]

nsi= avenoi sef = Mean[noi sef ]
avenoi seb = Mean[noi seb]

ouzsl= 0. 00319179
ouizel= 0. 00305551
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nz71= Di mensi ons [basef ]
G aphi csRow[

{Pai r edHi st ogr am[1000 = basef, Styl e[1000 = baseb, Red], ChartBaseStyl e - Bl ue,
ChartLabel s » {"basel i ne-front (nV)", "basel i ne-back (mV)"}],
Pai r edHi st ogram[lOOO %= noi sef, Styl e[1000 » noi seb, Red], ChartBaseStyl e - Bl ue,
Chart Label s » {*noi se. rms-f ront " -back (mV)"}1}.
Frame » Al |, | mageSi ze - 800]

ouz7= {1000}

baseline—front(mV) baseline—back(mV) noise .rms—front
0
3.5
3.0
Out[28]= L
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neop= frontl = Take[Transpose[l nport [Nanelist [[1]], "Data"1]1[[2]], noi senmax];
backl = Take[Transpose[l nport [Namelist [[1]], "Data"]]1[[3]], noi senax];
ti mel = Take[Transpose [l nport [Nanelist [[1]], "Data"1]1[[1]], noi semax];

n2r= Ff = I nterpol ation[Transpose[{timel, front1}], Method - "Spline"];

ne3= Fb = Interpolation[Transpose[{tinmel, backl1l}], Method -> "Spline"]

ouzz= | nterpol atingFunction|{{-4.95526 x10°%, -2.6839x10°}}, <]



4| ludata4.nb

In[34]:=

out[34]=

In[35]:=

In[37]:=

In[38]:=

Pl ot [Ff [x], {x, -4.9586x107°, -3x107},

Pl ot Range - {{-4.9586 x 10, -3x107°}, {-.015, . 015}}]

0.015-

0.010 -

-0.010 -

-0.015-

fftoutl = Abs[ FourierDCT[front1]];
df =fftrange / noi senax;

freq = Range[df, fftrange, df ] /1000000000.;

fftnew= Transpose[{freq, fftoutl}];

Lkl b
jJUVU
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For this scope the Sampling frequency is much higher than
the actual bandwidth. Therefore in the plots below there is a
white noise distribution out to a few GHz. Above this (the
scope bandwidth) there is an apparent reduction in noise.
But in this region data are really reflecting the fact that high
sampling frequency is really a figment of ' on - chip "
interpolation.

ine)= Li st Pl ot [fftnew, Joi ned » True, AspectRatio - 0.3, | mageSi ze » Large, Franme - True,
FrameLabel -» {{, }, {"Frequency(Giz)", "Spectral Conposition of Noise"}},
Pl ot Range » {{0, 6}, {0, .02}}]
Spectral Composition of Noise
0020 ——————f7+—7—"+————
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This has zero frequency in element 1. The 7693- th element corresponds to 1/2 the sampling frequency.After that
aliassing takes over and the frequency heads back to zero.

o= Li st LogPl ot [f ftnew, AspectRatio - 0.3, Frame - True,
FranmeLabel - {{, }, {"Frequency(Gi)", "Spectral Conposition of Noise"}},
| mageSi ze » Large, Pl otRange » {{0, 80}, {107, . 02}}]

Spectral Composition of Noise

Out[40]=

0 20 40 60 80
Frequency(GHz)
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Initialize useful bin locations for region of interest and
location of first peak in the waveform

6= peakbin = 1ntegerPart [bint [-1.5x107°]];
starthin = I ntegerPart [bint [-2x107°]];

endbi n = I nt eger Part [bint [3 x10‘9]] -1;
timestrip =Take[tinme, {startbin, endbin}];

npesi= Cl ear [backstrip]; Clear [frontstripl;
C ear [backs]; Clear [fronts];
frontstrip = {}, backstrip = {}; isaved = 0; backs {}; fronts {};

Do[

frontraw = Transpose [l nport [Nanelist [[i]], "Data"]1][[2]] -basef [[i]];
(xbasel ine restorati on on waveforns using average | evel of 1st 46.8 nsecx)
backraw = Transpose [l nport [Namelist [[i 1], "Data"1][[3]] -baseb[[i]1];

| f [backraw[ [peakbin]] < 0.02, Goto["skipwave"], isaved++];

(+»first analyze events which trigger on the 2nd peaksx)

backs = Take[backraw, {startbin, endbin}i;

fronts = Take[frontraw, {startbin, endbin}];

AppendTo [backstrip, backs];

AppendTo[frontstrip, fronts];

Label ["ski pwave"];

» {i, 5}]
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n771= Di mensi ons [backstrip]
Di mensions[frontstrip]

{ListPlot [Transpose[{tinmestrip, backstrip[[1]]}],
Pl ot Styl e » Thick, PlotRange » {{-2x107, .1x107%}, {-.12, .12}}],
Li st Pl ot [Transpose[{tinestrip, frontstrip[[1]]1}], PlotStyle - Thick,
Pl ot Range » {{-2x107%, .1x10%}, {-.2, .2}}]}
ouf177= {3, 800}

ouf17gl= {3, 800}

010l

Out[179]= {

-2.x10° -15x107°

—005]

—o10f

0.2

-2.x 10*9 3 5.x107%° 1.x 10*9}

-02
W = Constant Array [0, 1000]; W = Constant Array [0, 10007;

Dol
W [[itrace]] =
Interpol ati on[Transpose[{tinmestrip, frontstrip[[itrace]l]}], Method -» "Spline"];
Wo[[itrace]] = Interpolation[Transpose[{tinmestrip, backstrip[[itrace]]}],
Met hod -» " Spl i ne" ];
, {itrace, isaved}]

Zeroesb = x /. FindRoot [Wb[[#]1][x], {X, -0.2x107°}] & /eRange[i saved];

Zer oesf

x /. FindRoot [W [[#]1[x], {x, O. 1x10'9}] & /@Range[i saved];
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Plot [Tabl e (Wb [[i 11[x], {i, 1, 100}], {x, -1x107°, .3x107°}]

0.15-

Di fference = Tabl e[ (Zeroesf [[i 1] -Zeroesb[[i1]), {i, 1, 100}1;
H stogram[Difference, {0.3x107°, 0.42x10°, 0.015x107°}]

25

20

o ]

1 n I Il
32x1070 34x1071"  3.6x1070  38x107"  4.x107"  42x107"°

Di nensi ons [Zer oesf ]
Di nensi ons [Zer oesb]

{1000}

Print [Zer oesb]
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Li st Zb = Const ant Array [0, 10007;

Do
ListZb[[i 1] :=1f [I nexact Nunber Q[Zeroesb[[i ]11], Zeroesb[[i 1], -10x107°];
, {i, 1000} ]

Di nensi ons[Zeroesb[[1]1]]
{}

Print [Zer oesf ]



