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tIn order to answer requirements settled by the Advan
ed Virgo (AdV) design, the dete
tion systemhas to be redrawn. This note fo
uses on the DC measurement made on the photodiodes to be usedin the 
ontrol system. Basi
 requirements are reminded, sele
tion pro
ess and DC 
hara
teristi
sare presented. Con
lusive statement should arise from a foreseen note that will take a

ount for ACmeasurements as well.
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Feature Quant. E�. Cs Rs Idark Diam. Iphtyp. Value 95 % 280 pF* 10 Ω* 10 nA* 3 mm 100 mATable 1: Typi
al values of features from the former Virgo InGaAs photodiodes manufa
tured by Hama-matsu. The * mark stands for values under a bias voltage Vb = 10 V.1 Basi
 requirementsThe initial Virgo dete
tion photodiodes were InGaAs PIN devi
es manufa
tured by Hamamatsu andexhibit performan
es that are still, more than 15 years later, very di�
ult to rea
h. Unfortunately those
omponents are not available anymore making a new design of the dete
tion readout a ne
essity due tolong term maintenan
e 
onsiderations. Furthermore, the modulation frequen
ies foreseen on AdV settlesadditionnal 
onstraints on the photodiode in terms of bandwidth. Indeed, it is foreseen that AdV usesa triple phase modulated beam with the highest modulation frequen
y in the range of 50 − 80 MHz.Moreover, it should be possible to a

ess the signal at twi
e this frequen
y, whi
h means a dete
tionsystem that 
ould handle frequen
y as high as 160 MHz or so. This is well above the initial Virgodete
tion system 
apabilities.Due to alignement fa
ility and limited beam size redu
tion (in order to redu
e ba
k s
attered light),the e�e
tive area of the photodete
tor should remain approximately the same as for the previous one,that is to say a diameter of 3 mm. This 
hara
teristi
 is in defavour of a wide frequen
y bandwidth as aphotodiode bandwidth s
ales inversely with its stray 
apa
itan
e whi
h is proportionnal to its e�e
tivearea.Another point lays in the fa
t that some of the dete
tion port impose photodiodes to be pla
ed underva
uum. This impa
ts on the power dissipation of the system on the one side, and on the ability of thephotodiode to handle high intensity beam on the other side. The latter item 
an be 
onverted into aredu
tion of the number of photodiodes on a given port and, 
onsequently, into a redu
tion of the e�e
tiveload. It appears that an in
ident opti
al power of 100 mW, the same as required for Virgo, would besu�
ient as a starting point.Finally, the dete
tion system should o�er at least the same, or improved, quality response in termsof high quantum e�
ien
y, high linearity and low noise features as the previous one used on Virgo. Ona pra
ti
al aspe
t, it appears that 15 years of te
hni
al developpement o�er rather poor improvement,if not regression, on the photodiodes 
hara
teristi
s in the wavelength range of interest. So that redoingthe same as 15 years earlier allready reveals as a 
hallenging task.The main Virgo photodiode 
hara
teristi
s are summarized in table 1 as a guide for the new sele
tion.2 Choi
e of the set of 
omponentsIt should be �rst stated that our attention was dire
ted toward InGaAs dete
tor. Despite the disadvan-tages that 
ould su�er an alloy like InGaAs in terms of high power handling and linearity 
ompared to apure material su
h as Ge photodete
tors, the gain o�ered by its highest e�
ien
y at λ = 1.064 µm makesit, from far, the most promising material.From an exhaustive review of available 
ommer
ial photodiodes, we �rst retained 7 manufa
turers oflarge area (diam. 3 mm) InGaAs PIN photodete
tors listed in table 2. Among those 7 manufa
turers,we pur
hased 
omponents from only 3: Perkin Elmer, Fermioni
s and Judson. Other devi
es beeingeliminated be
ause they did not ful�ll one or more of the mandatory 
riterion listed below:
• a maximum photo
urrent of, at least, 100 mA in order to handle a su�
iently high opti
al powerand avoid damages,
• a quantum e�
ien
y higher than 80 % without anti-re�e
tion 
oating for SNR 
onsiderations,
• a stray 
apa
itan
e lower than 400 pF together with a maximum bias voltage higher than 10 V toensure both a large frequen
y bandwidth and a wide dynami
,
• a dark 
urrent lower than some 10 nA in order to minimize additive noise.2



Manufa
turer - Referen
e Pur
h. ReasonHamamatsu - G8376-SPL No Iph ≤ 10 mA, C ∼ 500 pF*eGTran - PD3M-001 No Iph ≤ 20 mA, Vb < 2 V, Idark ≤ 50 nAPerkin Elmer - C30664 Yes -Roithner Laser. - PT811 No Iph ≤ 10 mA, C ∼ 800 pF*, Idark ≤ 200 nAFermioni
s - FD3000W Yes -GPD Opto. - GAP3010 No Iph ≤ 10 mAJudson - J22-8I-HP Yes -Table 2: List of large area InGaAs PIN photodiode manufa
turers and referen
e of the devi
e of interest,status (pur
hased or not) and reason if not pur
hased. Iph stands for maximum photo
urrent, Vb formaximum bias voltage, Idark for dark 
urrent and C for 
apa
itan
e. The * mark means that the valueis obtained with a 10 V bias voltage applied on the photodiode.The judson photodiode is a re
ent development of ba
k-illuminated photodiode whereas to 2 others areusual front illuminated 
omponents. This should o�er a higher linearity, due to lower �u
tuations in thevalue of the serial resistan
e, and better toleran
e to high opti
al power. Several photodiodes of ea
h typewere pur
hased in order to 
he
k for reprodu
ibility of the measurements. Due to 
ost 
onsiderations andavailability of the devi
es, we get 3 from Fermioni
, 5 from Perkin Elmer and 2 from Judson.A 
ouple of remarks about manufa
turers should be addressed. First, Hamamatsu who provided theinitial set of Virgo photodiodes 
an not guaranty as good requirements as 15 years ago. After dis
ussionswith people from Hamamatsu, it appeared that only a spe
i�
 sele
tion of 
omponents 
ould guarantysimilar (but still below) performan
es with a 
ost per unit in
reased by one order of magnitude. Then,eGTran photodiodes were sele
ted for the Advan
ed LIGO experiment. From our point of view, thosedevi
es present rather poor performan
es and so were not retained.Beside 
ommer
ial solution, we joined some dis
ussion initiated by the Ni
e group with a fren
hlaboratory of the CNRS, the CHREA, working in the �eld of semi
ondu
tor material to investigate morespe
ialized 
omponents. Unfortunately, a spe
i�
 
omponent would have required a full design thatwouldn't have been 
ompatible with both, our time s
ale and budget.3 DC measurements3.1 Dark 
urrentThe �rst measurement performed was the dark 
urrent Idark on ea
h photodiode. This is a residual
urrent �owing whereas no light is impinging the sensitive area. It 
onstitues an additive noise andre�e
ts somehow the quality of the semi
ondu
tor. We are expe
ted as low value of Idark as possible.Typi
al value of Idark beeing in the range of 1 nA or so, its measurement is quite tri
ky and implies theuse of dedi
ated Pi
o-Ammeter together with a proper shielding to avoid parasiti
s. The measurementsetup uses a Keithley 487 pi
o ammeter with a 10 fA sensitivity.Results are summarized on a log s
ale on �gure 1 and on a linear one for the best devi
es on �gure 2.The Perkin Elmer photodiodes exhibit both the best and the worst results. It seems that 2 of the5 
omponents 
ome from a bad bat
h. One of those faulty devi
es is above datasheet spe
i�
ations andwill be repla
ed by the manufa
turer, the other one lies just below. This illustrates the s
attering fromone bat
h to the other and the need of several devi
es to get an average idea of their performan
es. Otherphotodiodes exhibit good values of dark 
urrent, well below 10 nA.3.2 Equivalent ele
tri
al s
hemeFrom an ele
tri
 point of view, PIN photodiodes su
h as those we are using 
an be expressed as anequivalent ele
tri
al s
heme depi
ted on �gure 3. The 
apa
itan
e Cs is 
alled the jun
tion Capa
itan
e.It originates from the presen
e of an equal amount of p and n 
harges on ea
h side of the intrinsi
high resistivity layer (the so 
alled �I� layer). Asso
iated to the ohmi
 losses indu
ed resistan
e Rs, thisparameter limits the usable bandwidth by providing the devi
e a R-C tranfert fun
tion of the form givenin eq. 1. 3
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Figure 1: Idark measurement results for ea
h photodiode (legend on the �gure) as a fun
tion of the biasvoltage. The y-s
ale is logarithmi
 so all devi
es appears on the plot. Please note that dark 
urrentsvalues are negative due to 
onvention 
onsiderations.
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Figure 2: Subest of Idark measurement results for ea
h photodiode (legend on the �gure) as a fun
tionof the bias voltage on a linear s
ale. The devi
es labelled PE0796 and PE0797 do not appear on thisplot be
ause their dark 
urrent is out of s
ale.Please note that dark 
urrents values are negative due to
onvention 
onsiderations.
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Figure 3: PIN photodiode equivalent ele
tri
al s
heme loaded by an RL impedan
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Figure 4: Serial resistan
e Rs in Ω for ea
h photodiode as a fun
tion of the applied bias voltage. Mea-surements were made using a HP 4284 CLR-meter at 1 MHz.
Vs =

RL
√

1 +
(

ω
ωc

)2
× Iph (1)with ωc = 1

(Rs+RL)×Cs
, Iph the photodiode photo
urrent, Vs the devi
e output voltage, Rs and Csthe devi
e ele
tri
al 
hara
teristi
 and RL the load resistan
e.As mentionned above, the Cs value s
ales linearly with the e�e
tive area of the 
omponent and withthe inverse of the thi
kness of its I layer. Whereas the e�e
tive area has to remain 
onstant for prati
alpurposes, the I thi
kness 
an be in
reased by applying a bias voltage on the 
omponent so that the Csvalue is redu
ed by an equal amount.Both Rs ans Cs parameters were determined for ea
h photodiode using a CLR-meter (ref. HP 4284A)at a frequen
y of 1 MHz. The ele
tri
 model used to interpret the re�e
tivity measurements is made upof a serial 
apa
ity and resistan
e so that they 
an be dire
tly identi�ed to those on �gure 3. Indeed the
urrent sour
e is, �rst, an open 
ir
uit with no in
ident light and, then, appears in parallele to Cs within
ident light be
ause �owing 
harges orginate from the jun
tion, a

ross the I layer.Results are presented on �gure 4 for the serial resistan
e and on �gure 5 for the serial 
apa
itan
e.Chara
teristi
s o�er a good reprodu
ibility from one 
omponent to the other. As expe
ted, the Judsonphotodiodes exhibit both the lowest 
apa
itan
e and resistan
e values making them the most promisingdevi
e in term of frequen
y bandwidth. It should also be noted that a bias voltage of −10 V is su�
ientas no signi�
ant improvement of Cs appears with higher values.3.3 Linearity and quantum e�
ien
yThe next parameter to be determined is the DC linearity as a fun
tion of the in
ident opti
al power. Thisallows us to extra
t estimations for both the quantum e�
ien
y and the linearity of the devi
es. The5
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Figure 5: Serial 
apa
itan
e Cs in pF for ea
h photodiode as a fun
tion of the applied bias voltage.Measurements were made using a HP 4284 CLR-meter at 1 MHz.
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Figure 6: DC linearity measurement setup.�rst one beeing estimated from the slope of the adjusted response of the photodiode, the se
ond from thedispersion from this model.For this measurement, we had to fa
e the di�
ulty of �nding an absolute estimation of the opti
alpower of the laser beam. Devi
es like opti
al power meters o�er an a

ura
y of approximately 10 % whi
his too large for our 
on
ern. Instead, we used one of the previous Virgo photodiodes as a referen
e to ourmeasurement. This photodiode is labelled �D21� and, from previous estimations (years ago...), exhibits aquantum e�
ien
y of 97 %. Whatever the a

ura
y of this number is, our measurements re�e
t a trustedrelative estimation of the new set of photodiodes 
apabilities.The measurement setup is depi
ted on �gure 6. The opti
al power of the beam is modi�ed dire
tly onthe sour
e front panel. The beam is splitted on a beam splitter of T = 0.46 & R = 0.54, whi
h values havebeen measured within 1 %, and signals, from both the photodiode under test and the D21 photodiode,are digitized using Virgo ampli�er, demodulation board and ADC. The overall DC transimpedan
e gainof the a
quisition 
hannel has been measured as:
Vout(V) = 0.109× Iin(mA) (2)For ea
h data set, the opti
al power of the beam is slowly in
reased from zero up to a maximum value,then de
reased ba
k to zero again. The maximum value is given by the dynami
 of the ele
troni
 whi
his 
lose to 90 mW (
orresponding to an output voltage of 8 V). On ea
h data set, a simple linear modelwas �tted. The slope re�e
ts the relative quantum e�
ien
y of a given photodiode with respe
t to theD21 referen
e photodiode as illustrated on �gure 7.The estimation of linearity is somehow tri
ky as it should take a

ount for several e�e
ts like satura-tion, dispersion, thermal e�e
t due to the in
ident power, et
. ... We therefore estimate linearity usingthe residual of the above linear �t. As the residual distribution is not a gaussian one (and is not expe
tedto be), we rather use the width of the residual distribution as illustrated on �gure 8.As our most important sour
e of error is due to miss-alignement of the photodiodes, those measure-ments were repeated 5 times for ea
h photodiode (with a 
omplete repla
ement of the 
omponent...) toget an most a

urate estimation of the parameters. The �nal results for ea
h photodiode are summarizedin table 3 for both the quantum e�
ien
y and the linearity. It appears that Fermioni
s photodiodes6
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Figure 7: Linear �t of the measured output voltage in V. The referen
e photodiode, D21, is on the X-axisand the devi
e under test, here Fermioni
s 1, on the Y one. Systemati
s are 
orre
ted so the adjustedparameters on the plot re�e
ts the true relation between quantum e�
ien
y of the 2 photodiodes.
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Figure 8: Distribution of residuals from the fun
tion adjusted on �gure 7. The linearity 
riterion isde�ned as the width of this distribution, in this parti
ular example, lin = 47.6 mV.
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Phd F1 F2 F3 J1 J2
η 90.5 ± 1.8 % 89.6 ± 2.8 % 91.1 ± 2.0 % 80.2 ± 0.5 % 78.1 ± 1.4 %linearity 97.7 ± 82.7 mV 55.8 ± 32.5 mV 61.0 ± 32.4 mV 30.5 ± 19.0 mV 35.2 ± 22.0 mVPhd PE94 PE95 PE96 PE97 PE98
η 87.0 ± 1.2 % 87.2 ± 1.7 % 87.8 ± 1.0 % 88.8 ± 0.7 % 88.3 ± 0.5 %linearity 35.6 ± 13.8 mV 40.0 ± 22.0 mV 33.5 ± 7.0 mV 30.8 ± 7.0 mV 32.3 ± 9.4 mVTable 3: Summarized measured values of the quantum e�
ien
y and linearity for ea
h photodiode. Theerror bar is determnied by the standard deviation over 5 measurements. For the quantum e�
ien
y, avirgo photodiode with a quantum e�
ien
y of 97 % was used as a referen
e. Plots from whi
h thosevalues are extra
ted are joined in the Annex of this note.

< η > < lin. > < Cs > < Rs > < Idark >Fermioni
s 90 % 72 mV 300 pF 13 Ω −2.5 nAPerkin Elmer 88 % 34 mV 190 pF 8 Ω −1.0 nA∗Judson 80 % 33 mV 170 pF 2 Ω −1.5 nATable 4: Summarized DC 
hara
teristi
s of the photodiodes for ea
h manufa
turer. The mark ∗ refers toa value of Idark without the 2 faulty Perkin Elmer photodiodes.surprisingly exhibit the best quantum e�
ien
y, followed by the Perkin Elmer 
omponents. However,those Fermioni
s su�er a poor linearity whi
h is a fa
tor of 2 above other devi
es.Two issues might be mentionned here. First, the measured quantum e�
ien
y for new photodiodesis expe
ted to be lower than the one from Virgo photodiodes as there is no AR 
oating on the testeddevi
es. This 
oating implies an important extra 
ost per unit that will only be justi�ed and paid o� forthe �nal pur
hase. The 
ommonly admitted gain of AR 
oating is roughly 4 % per interfa
e (so a gain of
8 % per photodiode).The other point 
on
erns the linearity. Indeed the 
riterion we used is biased by the linearity of thereferen
e photodiode. Both errors sums quadrati
ally. This is of a minor importan
e if the photodiode,su
h as a Fermioni
s, has a poor linearity 
ompared to the referen
e but does not allow us to distinguishbetween the Perkin Elmer and Judson 
omponents. We therefore redo the above measurement using aJudson photodiode as a referen
e but did not see signi�
ant improvement.4 Con
lusionWe presented here the photodiode DC 
hara
terization. The measurement ben
h has been de�ned in orderto 
hara
terize the set of 
omponent to be pur
hased for the dete
tion system. The DC measurementresults are summarized in table 4. It seems that both Perkin Elmer and Judson photodiodes are the mostfavoured 
andidate. Indeed, despite their high quantum e�
ien
y, the Fermioni
s 
omponents 
ouldn'to�er a su�
ient bandwidth. Additionnal AC measurements are needed to bring a 
on
lusive statement.A prerequisite of those AC measurements is the design of suitable preampli�er, whi
h, in turn, impliesthe knowledge of the devi
e to be used with it. Those issues will be dis
ussed in a fore
oming note.
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Figure 9: Linear �t #1 of Fermioni
s 1
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Figure 10: Residual distribution #1 of Fermioni
s 1
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Figure 11: Residual plot #1 of Fermioni
s 1
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Figure 12: Linear �t #2 of Fermioni
s 1
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Figure 13: Residual distribution #2 of Fermioni
s 1
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Figure 14: Residual plot #2 of Fermioni
s 1
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Figure 15: Linear �t #3 of Fermioni
s 1
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Figure 16: Residual distribution #3 of Fermioni
s 1
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Figure 17: Residual plot #3 of Fermioni
s 1
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Figure 18: Linear �t #4 of Fermioni
s 1
14



Dist of residuals

Entries  5200

Mean   0.00328

RMS    0.01828

-0.04 -0.03 -0.02 -0.01 0 0.01 0.02

0

50

100

150

200

Dist of residuals

Entries  5200

Mean   0.00328

RMS    0.01828

Residuals

Figure 19: Residual distribution #4 of Fermioni
s 1

X Vector
0 1 2 3 4 5 6 7

Y
da

ta
 -

 Y
es

tim

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

Residual

Figure 20: Residual plot #4 of Fermioni
s 1
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Figure 21: Linear �t #5 of Fermioni
s 1
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Figure 22: Residual distribution #5 of Fermioni
s 1
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Figure 23: Residual plot #5 of Fermioni
s 1
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Figure 24: Linear �t #1 of Fermioni
s 2
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Figure 25: Residual distribution #1 of Fermioni
s 2
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Figure 26: Residual plot #1 of Fermioni
s 2
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Figure 27: Linear �t #2 of Fermioni
s 2
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Figure 28: Residual distribution #2 of Fermioni
s 2
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Figure 29: Residual plot #2 of Fermioni
s 2
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Figure 30: Linear �t #3 of Fermioni
s 2
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Figure 31: Residual distribution #3 of Fermioni
s 2
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Figure 32: Residual plot #3 of Fermioni
s 2
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Figure 33: Linear �t #4 of Fermioni
s 2
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Figure 34: Residual distribution #4 of Fermioni
s 2
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Figure 35: Residual plot #4 of Fermioni
s 2
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Figure 36: Linear �t #5 of Fermioni
s 2
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Figure 37: Residual distribution #5 of Fermioni
s 2
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Figure 38: Residual plot #5 of Fermioni
s 2
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Figure 39: Linear �t #1 of Fermioni
s 3
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Figure 40: Residual distribution #1 of Fermioni
s 3
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Figure 41: Residual plot #1 of Fermioni
s 3
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Figure 42: Linear �t #2 of Fermioni
s 3
29



Dist of residuals

Entries  14300

Mean   0.0007359

RMS    0.009442

-0.015-0.01-0.005 0 0.005 0.01 0.015 0.02 0.025 0.03

200

400

600

800

1000

1200

Dist of residuals

Entries  14300

Mean   0.0007359

RMS    0.009442

Residuals

Figure 43: Residual distribution #2 of Fermioni
s 3
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Figure 44: Residual plot #2 of Fermioni
s 3
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Figure 45: Linear �t #3 of Fermioni
s 3
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Figure 46: Residual distribution #3 of Fermioni
s 3
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Figure 47: Residual plot #3 of Fermioni
s 3
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Figure 48: Linear �t #4 of Fermioni
s 3
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Figure 49: Residual distribution #4 of Fermioni
s 3
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Figure 50: Residual plot #4 of Fermioni
s 3
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Figure 51: Linear �t #5 of Fermioni
s 3
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Figure 52: Residual distribution #5 of Fermioni
s 3
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Figure 53: Residual plot #5 of Fermioni
s 3
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Figure 54: Linear �t #1 of Judson 1
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Figure 55: Residual distribution #1 of Judson 1
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Figure 56: Residual plot #1 of Judson 1
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Figure 57: Linear �t #2 of Judson 1
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Figure 58: Residual distribution #2 of Judson 1
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Figure 59: Residual plot #2 of Judson 1
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Figure 60: Linear �t #3 of Judson 1
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Figure 61: Residual distribution #3 of Judson 1
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Figure 62: Residual plot #3 of Judson 1
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Figure 63: Linear �t #4 of Judson 1
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Figure 64: Residual distribution #4 of Judson 1
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Figure 65: Residual plot #4 of Judson 1
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Figure 66: Linear �t #5 of Judson 1
Dist of residuals

Entries  4400

Mean   -0.001897

RMS    0.004324

-0.005 0 0.005 0.01 0.015
0

50

100

150

200

250

300

Dist of residuals

Entries  4400

Mean   -0.001897

RMS    0.004324

Residuals

Figure 67: Residual distribution #5 of Judson 1
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Figure 68: Residual plot #5 of Judson 1
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Figure 69: Linear �t #1 of Judson 2
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Figure 70: Residual distribution #1 of Judson 2
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Figure 71: Residual plot #1 of Judson 2
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Figure 72: Linear �t #2 of Judson 2
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Figure 73: Residual distribution #2 of Judson 2
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Figure 74: Residual plot #2 of Judson 2
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Figure 75: Linear �t #3 of Judson 2
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Figure 76: Residual distribution #3 of Judson 2
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Figure 77: Residual plot #3 of Judson 2
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Figure 78: Linear �t #4 of Judson 2
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Figure 79: Residual distribution #4 of Judson 2
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Figure 80: Residual plot #4 of Judson 2
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Figure 81: Linear �t #5 of Judson 2
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Figure 82: Residual distribution #5 of Judson 2
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Figure 83: Residual plot #5 of Judson 2
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Figure 84: Linear �t #1 of Perkin Elmer 94
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Figure 85: Residual distribution #1 of Perkin Elmer 94
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Figure 86: Residual plot #1 of Perkin Elmer 94
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Figure 87: Linear �t #2 of Perkin Elmer 94
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Figure 88: Residual distribution #2 of Perkin Elmer 94
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Figure 89: Residual plot #2 of Perkin Elmer 94
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Figure 90: Linear �t #3 of Perkin Elmer 94
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Figure 91: Residual distribution #3 of Perkin Elmer 94
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Figure 92: Residual plot #3 of Perkin Elmer 94
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Figure 93: Linear �t #4 of Perkin Elmer 94
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Figure 94: Residual distribution #4 of Perkin Elmer 94
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Figure 95: Residual plot #4 of Perkin Elmer 94
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Figure 96: Linear �t #5 of Perkin Elmer 94
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Figure 97: Residual distribution #5 of Perkin Elmer 94
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Figure 98: Residual plot #5 of Perkin Elmer 94
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Figure 99: Linear �t #1 of Perkin Elmer 95
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Figure 100: Residual distribution #1 of Perkin Elmer 95
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Figure 101: Residual plot #1 of Perkin Elmer 95
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Figure 102: Linear �t #2 of Perkin Elmer 95
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Figure 103: Residual distribution #2 of Perkin Elmer 95
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Figure 104: Residual plot #2 of Perkin Elmer 95
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Figure 105: Linear �t #3 of Perkin Elmer 95
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Figure 106: Residual distribution #3 of Perkin Elmer 95
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Figure 107: Residual plot #3 of Perkin Elmer 95
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Figure 108: Linear �t #4 of Perkin Elmer 95
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Figure 109: Residual distribution #4 of Perkin Elmer 95
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Figure 110: Residual plot #4 of Perkin Elmer 95
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Figure 111: Linear �t #5 of Perkin Elmer 95
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Figure 112: Residual distribution #5 of Perkin Elmer 95
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Figure 113: Residual plot #5 of Perkin Elmer 95

71



H Perkin Elmer 96

72



D21 voltage [V]
0 1 2 3 4 5 6

P
E

07
96

 [V
]

0

1

2

3

4

5

6

 / ndf 2χ  1.968e+07 / 7528

Offset    2.101e-06± -0.002656 

Slope     7.682e-07± 0.9225 

 / ndf 2χ  1.968e+07 / 7528

Offset    2.101e-06± -0.002656 

Slope     7.682e-07± 0.9225 

V-Raw-952358772-102.gwf

Figure 114: Linear �t #1 of Perkin Elmer 96
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Figure 115: Residual distribution #1 of Perkin Elmer 96
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Figure 116: Residual plot #1 of Perkin Elmer 96
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Figure 117: Linear �t #2 of Perkin Elmer 96
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Figure 118: Residual distribution #2 of Perkin Elmer 96
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Figure 119: Residual plot #2 of Perkin Elmer 96
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Figure 120: Linear �t #3 of Perkin Elmer 96
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Figure 121: Residual distribution #3 of Perkin Elmer 96
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Figure 122: Residual plot #3 of Perkin Elmer 96
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Figure 123: Linear �t #4 of Perkin Elmer 96
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Figure 124: Residual distribution #4 of Perkin Elmer 96
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Figure 125: Residual plot #4 of Perkin Elmer 96
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Figure 126: Linear �t #5 of Perkin Elmer 96
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Figure 127: Residual distribution #5 of Perkin Elmer 96
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Figure 128: Residual plot #5 of Perkin Elmer 96
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Figure 129: Linear �t #1 of Perkin Elmer 97
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Figure 130: Residual distribution #1 of Perkin Elmer 97
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Figure 131: Residual plot #1 of Perkin Elmer 97
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Figure 132: Linear �t #2 of Perkin Elmer 97
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Figure 133: Residual distribution #2 of Perkin Elmer 97
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Figure 134: Residual plot #2 of Perkin Elmer 97
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Figure 135: Linear �t #3 of Perkin Elmer 97
Dist of residuals

Entries  5400

Mean   -0.001967

RMS    0.008065

-0.015 -0.01 -0.005 0 0.005
0

200

400

600

800

1000

1200

1400

1600

1800

2000

Dist of residuals

Entries  5400

Mean   -0.001967

RMS    0.008065

Residuals

Figure 136: Residual distribution #3 of Perkin Elmer 97
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Figure 137: Residual plot #3 of Perkin Elmer 97
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Figure 138: Linear �t #4 of Perkin Elmer 97
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Figure 139: Residual distribution #4 of Perkin Elmer 97
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Figure 140: Residual plot #4 of Perkin Elmer 97
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Figure 141: Linear �t #5 of Perkin Elmer 97
Dist of residuals

Entries  5400

Mean   0.0006527

RMS    0.006911

-0.01 -0.005 0 0.005 0.01 0.015
0

200

400

600

800

1000

1200

1400

1600

1800

Dist of residuals

Entries  5400

Mean   0.0006527

RMS    0.006911

Residuals

Figure 142: Residual distribution #5 of Perkin Elmer 97
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Figure 143: Residual plot #5 of Perkin Elmer 97
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Figure 144: Linear �t #1 of Perkin Elmer 98
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Figure 145: Residual distribution #1 of Perkin Elmer 98
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Figure 146: Residual plot #1 of Perkin Elmer 98
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Figure 147: Linear �t #2 of Perkin Elmer 98
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Figure 148: Residual distribution #2 of Perkin Elmer 98
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Figure 149: Residual plot #2 of Perkin Elmer 98
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Figure 150: Linear �t #3 of Perkin Elmer 98
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Figure 151: Residual distribution #3 of Perkin Elmer 98
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Figure 152: Residual plot #3 of Perkin Elmer 98
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Figure 153: Linear �t #4 of Perkin Elmer 98
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Figure 154: Residual distribution #4 of Perkin Elmer 98
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Figure 155: Residual plot #4 of Perkin Elmer 98
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Figure 156: Linear �t #5 of Perkin Elmer 98
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Figure 157: Residual distribution #5 of Perkin Elmer 98
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Figure 158: Residual plot #5 of Perkin Elmer 98

98


