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PROGRAMMA DI RICERCA

A) INFORMAZIONI GENERALI

Linea di ricerca

- Trasmissione di segnali analogici via mezzi ottici.
- Elettronica a basso rumore.

esperimento assegnata dal
laboratorio

Laboratorio ove Milano
si raccolgono i dati
Sigla dello LIGHT

Acceleratore usato

Fascio
(sigla e caratteristiche)

Processo fisico
studiato

— Annelli di retroazione con ingresso passivo e disaccoppiamento Galvanico.
- Processo di generazione-ricombinazione in dispositivi ad effetto di campo.

Apparato strumentale
utilizzato

Generatori di impulsi ottici— Convertitori elettro—ottici— Oscilloscopi ad ampia banda.

Criostati e camere termiche. Analizzatori di spettro FFT. Ambiente di modelizzazione di
dispositivi a semiconduttore IC-CAP. Elettrometri e nanovolmetri ad alta risoluzione.

Durata esperimento

Sezioni partecipanti Milano
all'esperimento
Istituzioni esterne all'Ente
partecipante
3 anni

B) SCALA DEI TEMPI : piano di svolgimento

PERIODO ATTIVITA' PREVISTA
- Analog link con ingresso passivo via fibra ottica basato sul'lOCCM.
2004 . . . . . . .
- Sviluppo software di controllo v.2 per il nostro criostato, a doppio loop di retroazione.
- Integrazione della€™OCCM come singolo dispositivo.
2005 - Analisi di strutture sub-micrometriche ST, di interesse INFN, mediante spettroscopia di fumore
a temperatura variabile.
- Sviluppo di ulteriori applicazioni dell'OCCM con ricaduta in ambito medicale e industrigle.
2006 — Spettroscopia di rumore su dispositivi MOS ST, a altri dispositivi di particolare interesse |per la
Fisica sperimentale.
Mod EN. 1 (a cura del responsabile nazionale)
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A CARICO DELL' I.N.F.N. A
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ISTITUTO NAZIONALE DI FISICA NUCLEARE Nuovo esperimento [Gruppo
Preventivo per I'anno 2004 LIGHT 5

PROPOSTA DI NUOVO ESPERIMENTO

Ci sono due linee di ricerca previste in questa proposta. La prima prevede lo sviluppo di nuove appli
un concetto circuitale altamente innovativo basato sulla optoelettronica lineare denominato “Optically
Coupled Current Mirror” (OCCM). La seconda linea comprende lo sviluppo ulteriore della tecnica no
Spettroscopia di Rumore di Bassa Frequenza a Temperatura Variabile (LFN vs T), applicata alla

cazioni

a Come

identificazione dei contaminanti presenti nei transistori ad effetto di campo, che danno origine al runmore del

dispositivo stesso.

In seguito verranno dettagliate entrambe le linee di ricerca, strettamente legate alle problematiche
dell'amplificazione e del trasporto del segnale tipicamente incontrate negli esperimenti di Fisica dellg
particelle e delle astroparticelle.

1) Studio e sviluppo di nuove applicazioni del’lOCCM:
Il concetto OCCM e’ stato formulato come soluzione ad un annoso problema mai risolto in passato,

misura diretta della componente continua della corrente di anodo di tubi fotomultiplicatori polarizzati
catodo a massa. Piu’ precisamente si trattava di misurare con elevata risoluzione la luce di fondo—ci

cioe la
con
elo dei

due telescopi prototipali del Rivelatore di Fluorescenza Atmosferica dell’esperimento Auger. In partigolare le
determinazione del passaggio di stelle di riferimento sulla superficie focale dei telescopi, consistentg in un
array di 20 x 22 fototubi, ha permesso di verificare il loro puntamento assoluto con grande precisiong [1-3]

\Va pur detto che la misura di segnali generati dai rivelatori o, piu’ in generale, che scorrono su dei conduttol
isolati 0 comunque sottoposti ad alta tensione, fu risolta in passato mediante la implementazione di anelli di
reazione ottici impieganti dei dispositivi optoelettronici noti come “Linear Optocoupler”’(LO). Questi sistemi

consistono in una parte trasmittente che si trova al potenziale del conduttore dove scorre la corrente| di segr

da misurare, e una parte ricevente a potenziale di massa. Il feedback viene implementato da mezzi
fibre oppure optoacoppiatori). L'inconveniente piu’ importante delle soluzioni impieganti il LO finora
proposte risiede nella necessita’ di dover portare al potenziale del conduttore dove viene generato il
degli alimentatori richiesti dalla presenza dei dispositivi attivi (transistori, op—amps e simili) che si tro
nella parte trasmittente. Questo tipo di soluzione era chiaramente improponibile per il caso dell'espe
IAuger dove il numero di PMT’s dei due telescopi prototipali raggiungeva circa il migliaio di pezzi. La

pttici (

segnal
vano
rimento

caratteristica saliente del concetto OCCM risiede nel fatto che la parte trasmittente e’ totalmente pagsiva

trattandosi infatti di un LED e un fotodiodo collegati back—to—back ed interposti nel conduttore dove

scorre i

segnale da misurare. Diventa pertanto non piu’ necessario dover portare alcuna tensione di alimentazione ¢
potenziale del conduttore dove scorre la corrente da misurare. Questo semplifica notevolmente il problema

apre la strada ad altre applicazioni sinora ritenute impossibili da implementare mediante le tecniche
correntemente utilizzate, ritenute lo “state of the art”.

Il OCCM e’ stato impiegato per la prima volta nell'implementazione di un “Misuratore di corrente con
con ingresso passivo ed isolamento Galvanico particolarmente per alta tensione” utilizzato per la
determinazione della corrente di fondo—cielo dei due telescopi prototipali di Auger. Per tale Misurato

tinua

re sono

stati concessi all'INFN un brevetto negli Stati Uniti, e un altro nell'Unione Europea. Attualmente la damanda

di brevetto nel Giappone rimane in stand-by come permesso dalla legge di tale Paese [4-6]

Il piano di lavoro di LIGHT comprende da un lato l'integrazione del Misuratore di Corrente in un sing
package per applicazioni in DC come e’ il caso dei fototubi.

DIO

Questa attivita’ sarebbe da svolgersi in stretto contatto con una ditta esterna in grado di fornire il negessaric
supporto tecnologico. Si prevede inoltre la implementazione di un link a fibra ottica con ingresso passivo




seguendo lo schema OCCM, in grado di trasmettere dei segnali analogici via fibra ottica. Questa ten
stata affrontata al CERN nell’ambito dello sviluppo della calorimetria a LAr a LHC. A tale scopo sond
impiegati delle tecniche tradizionali di tipo “open—loop” ma non si €’ riusciti a trovare una soluzione
soddisfacente.

In seqguito agli studi preliminari realizzati sui links analogici basati sul concetto OCCM, che compreng
implementazione di un sistema tipo “closed-loop” si ritiene di grande interesse esplorare questa via
aprirebbe delle possibilita’ applicative non solo nella Fisica sperimentale ma che potrebbe avere uns
anche in ambito industriale e medicale.

L’ottimizzazione del link ottico richiede della strumentazione adatta allo scopo, in particolare un geng
di impulsi ottici a lunghezza d’onda di 850 e 1300 nm. Il comportamento alle basse temperature dev

natica e
stati

le la
che
ricadu

bratore
P inoltre

essere investigato. A tale scopo verra’ invece utilizzata della strumentazione gia’ acquisita nell’ambifo degli

esperimenti NOISE ed MICRO(GV).
2) Spettroscopia di rumore di bassa frequenza applicata ai transistori ad effetto di campo.

Nell'ambito dell' esperimento NOISE che termina nel 2003, abbiamo messo a punto un set-up speri
grado di determinare la energia di attivazione dei contaminanti che danno origine al rumore Lorentzi
strutture FET. Tale tecnica prevede la misura della densita spettrale di rumore di dispositivi FET raff
temperature criogeniche, combinata con il fitting degli spettri ottenuti. A tal modo & possibile determi
univocamente I'elemento chimico generante il rumore di generazione-ricombinazione. Il nostro lavo
contribuito a migliorare la sensibilita di questa tecnica sviluppata nella seconda meta’ degli anni 80[7
applicandola alla investigazione di dispositivi JFET al Ge destinati all'ambiente criogenico. Questi dis
sono stati sviluppati in collaborazione con ricercatori USA con finanziamenti NASA. Recentemente ¢
tecnica € stata utilizzata con successo nella determinazione di contaminanti in MOSFET al Si di dim
submicrometriche prodotti da ST Microelectronics. Diversi gruppi RDdi ST Microelectronics hanno
apprezzato la potenzialita offerta dalla tecnica LFN vs T, complementare a diversi metodi di indaginé
gia implementati su wafers o strutture di grande area. In tempi recenti & stato firmato un protocollo d
disclosure agreeement che ci permettera di analizzare dispositivi provenienti direttamente dalla lineg
produzione. La interazione con questa foundry ci mettera in grado di meglio comprendere le tecnolo
implementate nella realizzazione di dispositivi a basso rumore, di potenziale interesse per lo svilupp
strutture monolitiche e rad—hard di impiego nella fisica sperimentale. Si intende inoltre estendere ['id
spettroscopica ad altri dispositivi emergenti d’'interesse per le applicazioni a basso rumore.

[1]S.Argiro, D.V.Camin, M.Destro, C.K.Guerard, Nucl.Instr.and Meth.A 435 (1999)484-489

[2]S. Argiro’, D.V.Camin, V.Grassi,et al "The analog signal processor of the Auger fluorescence dete
prototype”, Nucl. Instr. and Meth. A 461/1-3 (2001) pp. 440-448.

[3]D.V.Camin, V. Grassi, F. sanchez and V. Scherini, "Tracking stars with the Auger fluorescence deg
teh Pierre Auger Observatory”. Presented to the 2003 Pisa Meeting, to be published by Nucl. Instr. g
[4-6]D.V.Camin, "Direct Current Meter with Passive Input and Galvanic Isolation , Particularly for Hig
\Voltage™:

— US Patent Number 6,316,930 (2001).

— UE Patent Number EP 1 014 098 B1(2003)

— Application to the Japan Patent Office Number 11-359282 (17 Dec 1999)

[7] V.Grassi, C.F. Colombo, D.V. Camin, Low Frequency Noise versus

Temperature Spectroscopy of recently designed Ge JFETSs, IEEE

mentale
ano in
reddati
hare

o ha

1
Spositivi
uesta
ensioni

2 da lore
non

L di

gie

D di

agine

ctor

tector ¢
nd Met
yh

Transactions on Electron Devices vol. 48 n.12 pag.2899 (2001)

Mod EN5



Tracking Stars with the Fluorescence Detector of the Pierre Auger

Observatory.

Daniel V. Camin,? Valerio Grassi?®, Federico Sanchez?, and Viviana Scherini®

aDipartimento di Fisica dell’Universitd di Milano and INFN Milano, Via Celoria 16 (20133), Italy

Recording tracks of stars traversing the field of view of the Auger’s fluorescence detector (FD) is a powerful
tool to monitor various FD parameters. Regular control of those tracks would allow checking the telescopes
stability during the whole life of the experiment, estimated to be about 20 years. The prototypes used during
the engineering array phase (EA) have been equipped with a novel optoelectronic system that measured the DC
anode current. Dim stars were clearly recorded. We report results of a reconstruction performed to determine
the pointing of a telescope as well as comparisons of a PMTs response to shower and star signals.

1. Introduction

The Auger fluorescence detector comprises 24
telescopes each one consisting on a large, 3.5 m x
3.5 m mirror of 3.4 m focal distance and a 2.2 m
diameter aperture. A camera of spherical surface
consisting of an array of 20 columns by 22 rows of
Photonis XP 3062 PMT’s is positioned at about
1.7 m of the mirror’s centre of curvature. For a
point object like a star, the spot size is 0.5° in
diameter, i.e. one third the pixel size.

The telescopes look to the sky and are sub-
ject to the background light. Absolute pointing
of the telescope, its stability and the uniformity
of the photocathode response (previously investi-
gated [1]) can be determinated by analyzing stars
signals.

The PMTs are biased with positive supply, i.e.
cathode grounded. This ensures simplicity of op-
eration and better stability of response but, in
principle, it seems that direct measurement of the
DC or very slow component of the background
light will be impossible to perform. We could
solve for the first time this very old problem by
implementing an optically coupled feedback loop
of novel design [2,3] included in the 880 Head
Electronics, that serve the PMTs of the two tele-
scopes. With this implementation, stars of vi-
sual magnitude 5.4 or even dimmer were visible.
Brighter stars like aLyra clearly showed a struc-
ture when the light spot was traversing the PMTs
photocathode ( Fig.1 ). We also analyzed back-

E I
0 20 40 60 80 100 120 140 160 180 200

Figure 1. The first stars signals seen by the FD
Optical Current Monitor on June 25, 2001. The
time slot is 20 s. A star takes about 6 min to tra-
verse a PMT along its diameter. The fluctuations
at the top do not seem compatible with Poisson
statistics. The vertical scale is mean anode cur-
rent in pA.

ground data by evaluating the variance of the
baseline fluctuations. In the following sections we
will report on the use of star tracks to determine
the pointing of one of the telescopes and on the
measurement of photocathode anisotropy.

2. Analyzing Signals

During the analysis of the star signals, it was
noted that despite the fluorescence signal and
a star signal are in a completely different time
scale, both left in the same PMT a very simi-
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Figure 2. Signal from a flourescence event (top,
time slot 100 nsec) and from a star (bottom, time
slot 30 sec). Although the time scale is quite dif-
ferent, we observe similar shapes.

lar pattern, Fig.2. This fact led us to think that
the non-uniformity of the response observed were
most probably to be assigned to photocathode
anisotropy. To verify this, the mean shape of a
star signals over 10 nights was evaluated. Results
are shown in Fig.3 (top). The pattern seen at
Fig.3 (bottom) corresponds to a slice cut of the
photocathode’s response obtained at our Lab us-
ing an zy table and an UV LED to simulate the
transit of a star in a camera pixel.

The pointing direction of the camera’s center
for each telescope of the flourescence detector can
be tested minimizing x? = > pivers(Abiheor. —
Agmeas.)2 where Aatheor. = 5star — Opizel (6 is
the declination) and A4 is calculated by

Abpeas. = 1/ (0.75°)2 + (3?1%0. %cos&sm)? where
AT is the pulse width.
We performed this analysis for 7 of the brighter

stars and obtained the pointing of one telescope
as 6 =125.71° £ 0.19 and ¢ = 90.05 = 0.05.

3. Conclusions

We have demonstrated a high-resolution star-
tracking capability of the Auger FD. Dim stars
were clearly identified with a novel optoelectronic
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Figure 3. The average shape of star signals on
the same PMT of 10 different nights (top) shows
the photocathode anisotropy in one of the FD
PMTs. The bottom panel shows the photocath-
ode response obtained at the Lab making an xy
scan.

system incorporated in the 880 PMTs of the two
FD prototype telescopes. We have used stars
data to verify the pointing of telescope n°4 and to
found the non-constant response (of aprox +10%)
of the photocathode. This fact was later con-
firmed by xy scanning of a PMT illuminated by
an UV LED.
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Low Frequency Noise Versus Temperature
Spectroscopy of Recently Designhed Ge JFETSs

Valerio Grassi, Carlo Francesco Colombo, and Daniel V. Camin

Abstract—During the investigation of cryogenic properties We have performed LFN versus T spectroscopy during the
of recently developed Ge JFETs we have applied the technique jnvestigation of low temperatures performances on a recently
known in literature as low frequency noise versus temperature developed Ge JFET made by GPD Optoelectronics, Salem, New
spectroscopy (LFN versus T). Using this method we have deter- Hampshire, USA (formerly Germanium Power Devices). The
mined the energy levels of traps associated to Lorentzian noise . P ! ; y . :
found in the 30 to 40 K temperature range. To perform this task device analyzed is a sample of a batch developed in the frame
we have developed a computer-controlled experimental setup of a project aiming at the realization of FETs capable to operate

able to set the temperature within+5 mK in the range 4 to 300 at Liquid Helium (LHe) temperature with low noise and stable
K during a spectral noise measurement. An approach for the dc characteristics [4], [5]
calculation of the uncertainties that affect the evaluation of traps T

parameter is presented.
) o ) Il. THEORETICAL BACKGROUND
Index Terms—Ge JFETS, generation-recombination (GR) noise,

low frequency noise versus temperature spectroscopy (LFN versus A typical low-frequency noise spectrum of a JFET shows one
T), low temperature electronics. or more lorentzian components plus white noise. Lorentzian
components are associated to generation-recombination (GR)
centers in the channel or in the depletion region.

According to the previous work of Shockley and Read [6],
HE measurement of low frequency noise (LFN) is a povthe characteristic time constant of the trap giving origin to the
erful method for the determination of the nature of trapgRr process, depends on the temperature.

in field-effect transistors (FETs). Energy levels and eventually Sah [7], demonstrates that the noise due to GR process in
trap cross-sections could be derived from noise spectra takga depletion region is the main noise source in a JFET and

at different temperatures. This approach, known in literatuggculates the time constant associated to a GR center as:
as low frequency noise versus temperature spectroscopy (LFN 1
1)

versus T) [1], [2], is not widely used although it shows im- =
portant advantages compared to the deep level transient spec- & (Po+p1) + e (no+m1)
troscopy (DLTS) technique: LFN versus T in fact is able to evawherepy andng are the steady state hole and electron con-
uate how the impurities degrade the noise performances in a dentration in the depletion region, apgd andn; are defined
vice when the device itself is biased and cooled in its operatigsp; = n;exp [E; — Ey/kT]| andn, = n;exp [Ey — E;/KT].
conditions. That is the case of a JFET used in amplification bf the expressions aboveg; is the intrinsic Fermi levelE; the
signals from infrared and visible sensors, or particle detectoesiergy of the trapg; the intrinsic carrier concentration angl,
used on the ground or in space-borne instruments. Moreowgy,are the capture coefficients for holes and electrons, respec-
LFN versus T can be used at very low temperatures, where dérely. These last two terms are defined as the product of the
rier freeze-out in silicon devices inhibits DLTS, allowing the ineapture cross section and the thermal velocity of the carriers:
vestigation of shallow levels. LFN versus T technique, yielding, = o, ande, = onven, Wherew, = +/3kT/m. and
the noise power spectrum for every operative temperaturewiy = /3k7"/my,. The termme. is the effective mass of the
a useful tool for the development of low noise devices asadtectron andny, is the effective mass of the hole in the semi-
produces data for process characterization and modeling. LEbhductor analyzed. Since in the depletion region the hole and
versus T spectroscopy capabilities are also independent ondlextron concentrations are negligible [8], (1) could be rewritten
device size. The same result was shown in [3] by applying ths:
constant-resistance (CR-) DLTS technique. 1

On the contrary, LFN versus T spectroscopy cannot by itself T= E.—E; E—FE\\"
distinguish if a trap is a donor or an acceptor or to determine ni{cp exp (B) + o exp (B }
the defect concentration, where this task is easily performed dte strong temperature dependence @f due to the temper-
alyzing the polarity and the amplitude of a DLTS signal. ature dependence af, which decreases when the temperature

decreases, as shown in (3) [9].

I. INTRODUCTION

)
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In terms of spectral shape, when the noise of a JFET is mea- vk ]
sured at different temperatures, the corner frequency of a typ- lo .
ical Lorentzian noise shifts to lower frequencies when the FET INSIDE J o
in analysis is cooled and to higher frequencies when the tem- o : " our
perature is increased. m  § )
Scholz, Hwang, and Schroeder [10] and later Scholz and “"""5""” T T
Roach [1], have developed a method based on noise spectra ¢

analysis to extract traps activation energies from an Arrhenius

plot, as it is usual in DLTS technique. According to the theory

developed in [10], the relationship between the trap energy,

G-R time constant and the temperature may be extrapolated o

from the (2) Fig. 1. Schematic diagram of the noise and transconductance measurement
Assumingl; — E; > 0, by multiplying both side of (2) by jreyit.

72, and making explicit;, ¢,, Nc and Ny one can write:

Test Signal Input
I

(%) = (2Lt E — it = G| | [P o
T 17C 503 E HH
| Temperature (e
2 - control
(e )] @ i
1 ! g

Amplifier
+=GPIB

and forE, — E; < 0:

E,
L E - F
In (727) = <— e )
4]€20' 1 /2 PC +LahV|¢wS,VJ.
—1In [( h?’p (67r3m2/2m}11/2) )} (5)

. . . . . Fig. 2. Automatic system for noise measurement in the 4 to 300 K range.
Since the intrinsic Fermi level; is expressed by the relation:

E kT <NV> ©) band edge. In our work, we have extrapolated the nature of the
N¢

. g M . . -
Bi= + In traps correlating our measurements with the data reported in lit-

2 2
) ] erature obtained with DLTS and other techniques performed on
and the second term of (6) is typically small compared to thg,k Ge.

trap energy, its contribution could be neglected [1].
Defining AE as the energy of the trap measured from the
appropriate band (i.eAF = Ec—FE; or AE = E;—FE~ forthe
(4) and (5), respectively) the following equations are obtained: We have developed an automatic system for noise measure-
ment able to control the temperature withitd mK in a tem-

In (TQT) ~ <¥) —In {(4/“2% (67r3m1/2m3/2)1/2>} perature range of 4 to 300 K [11]. This system is based on an
kT gh3 e Tk Oxford Compact VTI open cycle-continuous flow cryostat and
(7) various instruments interfaced via GPIB for temperature con-
9 AFE 4k20,, 3. 3/2 172 1/2 trol and measurement. The software which performs the tem-
tn (T%r) ~ <’f—T> - [( g (67r e’ Ty ) )} " perature regulation according to the proportional-itegrative-dif-
(8) ferential (PID) algorithm has been developed using National
Instruments Labview 5.1 as visual programming environment.
By plotting In (TQT) versusl/kT, the trap activation energy The same tool was used to develop the software driver for the
AFE is extracted from the slope of the Arrhenius plot. The tradP 3562A Dynamic Signal Analyzer. This instrument provides
capture cross section can be calculated from the intercept withise spectral measurements and the software developed per-
the vertical axis. As reported in [1] the (7) and (8) the grounidrms a preliminary analysis of the devices under test. The de-
state degeneracy factgr(¢ = 2 for donors,g = 4 for accep- vice under test (DUT) is connected in a common source config-
tors) have been included. This parameter doesn’t affect the exation in a open loop circuit, allowing simultaneous measure-
traction of the trap energy but has an effect in the calculation wifents of transconductance and noise (see Fig. 1) [12].
the trap’s cross section. Clearly, the choice of (7) and (8) insteadA block diagram of whole experimental setup is given in
of (4) and (5) facilitates the calculation of the trap’s energy levéig. 2.
(eliminating the dependence 1) but these simplifications in-  In previous works [1], [10], where LFN versus T spec-
troduce an ambiguity in determining if the trap is a donor or @anoscopy was first implemented, low frequency noise was
acceptor. Therefore LFN versus T cannot by itself perform aneasured only at particular spot frequencies by using custom
exact determination of the nature of the trap but can make pdesigned high order notch filter or a commercially available
cise results on the activation enerdy¥ from the appropriate noise analyzer, which performs noise measurements at five spot

Ill. EXPERIMENTAL TECHNIQUES




GRASS et al. LOW FREQUENCY NOISE VERSUS TEMPERATURE SPECTROSCOPY 2901

1] A A1
AR

0 100 1000 1000 100000 1 0

Fig. 3. Noise spectrum of Ge JFET sample A74G taken at 47 K before

(top) and after (bottom) the data smoothing and filtering process. Lorentzi&ig. 5. Microphotograph of the circular Ge JFET investigated [5].
components can be recognized in the spectral shape.
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Fig. 6. Spectral measurement of Ge JFET A74G in the region 30 to 50 K.
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The initial guess coefficients are previously extracted by the
software which drives the HP3562 DSA. The same software
Fig.4. Best curve fit superimposed onto the smoothed spectrum taken at 3g¥Vides also the filtering and smoothing process of the mea-
(Ge JFET sample A74G). sured spectra.

Using this method the number of points that will form the
frequencies simultaneously. Unfortunately this method is abdgrhenius plot is limited only by the resolution of the tempera-
to draw Arrhenius plots using only the same number of pointgre controller that must keep the temperature stable during the
as the number of spot frequencies where the noise is measuggectral measurement process (15 min for each spectrum). In
To improve the LFN versus T technique, in our approach vfact, as shown in (11) and (12), the slope of the Arrhenius plot is
have combined repeated noise spectral measurements inpiggortional to the trap energy but inversely proportional to the
range 1 Hz—100 kHz in five decades (80 pts/dec) taken at 5@@nperature and therefore is clear that the number of points of
mK per step with numerical calculations that, fitting the spectrhe plotincreases when the temperature measurement step is de-
deliver the value of the G-R time constant as a function of tiggeased. Comparing to DLTS, our method fails where the device
temperature. To perform this task, each spectrum (obtaingdestigated shows &/ f-like noise. This noise is the result of
by averaging eight records) is first pre-filtered to cancel tHeorentzians overlapping (that occurs when different G-R cen-
harmonics due to 50 Hz and RF pickup. The spectrum tiers are simultaneously activated at the same temperature with
smoothed using a five-channel window algorithm, as indicatesimilar defect concentrations) as demonstrated by Van Der Ziel
in (9): [14].

Hz

, 1 1 3 .
Psmoothed (1) = 16" (i—2)+ ik -1+ 3" (%) IV. RESULTS AND DISCUSSION

1 1 The sample analyzed in this work was chosen for its strong
+4n @+ 1)+ 16" @+2). O Lorentzian spectrum rather than for exhibiting the lowest noise.
A comparison of a spectrum before and after the smoothing affd@ct: other JFETs produced in the same or in previous batches
filtering process is given in Fig. 3. show slightly different noise behavior at LN temperature. The
To extract the value of for each temperature, the smoothe&€ JFET A74G is an n-channel device, fabricated in circular
spectra are fitted using the least-square estimator for a n(_gﬁ:_ometry (Fig. 5). '_I'he_gate Ier_lgth is b and the_ gate W'dt_h
linear model (Levenberg—Marquardt algorithm), as shown | 2730um, for fabncatlc_m detalls_referto .[5]. Durl_ng the noise
Fig. 4. The interpolation assumed four Lorentzian componeri€asurements the device was biased with a drain cufgeat

plus white noise (10): 3{50 ’TLA and a drain-source voltagg, = 1.2V for a total power
dissipated” = 400 pW.
4 Before scanning the temperature in small steps we have
S(f) = | w? + Z AnTn . (10) performed a variable temperature noise characterization of the
142 f) DUT, taking spectra every 10 K in the range 4 to 77 K.
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. ) ) ) ) Fig. 8. Other Arrhenius plots extracted from the noise measurements of Ge
Fig. 7. Arrhenius plots showing two traps compatible with the presence of B#ET sample A74GE- is compatible with a Cu trap. The energy extracted
The Arrhenius ploi; is obtained fitting the spectra measured in the range 30om the slope iZs = 34.6 meV. The energy levekby = 79.4 meV is not

to 60 K. In the 50 to 60 K range, the spectra are taken in step of 2 K. reported in literature. The associated impurity could be Ga or H.
Lorentzian spectra are more visible in the region 30 to 50 K sotual dato st X ired

as shown in Fig. 6. ; e =
To analyze more in detail the Lorentzian noise of the JFET

sample A74G we have measured the spectra in the range 30 data st .

to 50 K with 500 mK per step. A limited number of spectra
were taken in the 50 to 60 K range in step of 2 K. Processing
the spectra as previously described, we have obtained different
Arrhenius plots. Fig. 7 shows the results of a LFN versus T
spectroscopy. The traps energies extracted from the slope are
E; = 59.4 meV andE>; = 20.9 meV. These energy levels
are compatible with the acceptor levels introduced by Beryllium

and reported by Milnes [15] and Sze [13]. _ o _ _
. . FI?. 9. Statistical universe of data sets from an underlying model [18].
In fact, previously measurements indicate the Be accepto

levels at 60 meV and 20 meV from the valence band edge. The
cross-sections extracted from the intercept withjkexis are
o1 = 1x 107 cm? ando, = 1 x 107 cm? for E; and  As seen before, deep level traps investigation using LFN
E, respectively. The presence of giant trgps> 10-1° cm?)  versus T technique requires repeated curve fitting on different
at very low temperature is predicted by Lax’s cascade captggectral measurement, taken at various temperatures, to ex-
model [15], [16], assuming the emission of acoustical phonotract the characteristic time constantof the G-R process.
while a carrier losses its energy before trapping. Another ArrhAnalytical evaluation of experimental errors is not simple to
nius plot extracted from our measurement is shown in Fig. Berform as this approach involves the calculations of errors due
The activation energy af’s = 34.6 meV is close to a copper to noise voltage sampling, FFT processing and least squares
single vacancy trap, measuredit+ 37 meV using an optical curve fitting. To solve this problem an approach based on a
DLTS (ODTLS) method performed on high purity (HP) germastatistical analysis shown to be helpful. Since every spectral
nium samples, as reported in [17]. measurement delivered by the automatic system described in
The calculated cross section for the Cu trapris= 3 x  Section Il is performed inz 15 minutes, we have chosen the
10~18 cm?. The presence of Cu impurities in germanium is nahethod of generating synthetic spectra instead of repeating real
a surprise, its high diffusion coefficient makes this elements theeasurement. Fig. 9 represents the “measure” of a parameters
main contaminants in HP detector grade Ge [17]. The other iiset in schematic way. The true physical parametersiggt
purity energy level extracted from the Arrhenius plot (F4 = is impossible to measure directly and therefore hidden from
79.4 meV), shown in Fig. 8, is not reported in literature. Thehe experimenter. The realization of these true parameters is
Lorentzian spectra might be caused by the presence of Galliwstatistically distributed, with random measurement errors, as a
in fact Sze indicates a deep impurity acceptor level due to Geeasured data sét 5y known to the experimenter.
at 72 meV beyond the valence band of Ge. Another hypothesisOnce the data sé? ) is fitted using a least square algorithm
comparing our data with the energies extracted from the meaparameter saiy is obtained. Because measurements errors
surements on HP Ge, is the presence of Hydrogen. Its enehgye a random componen, o) isn’t a unique realization of
level in Ge is estimated i, + 71 meV [17]. The Arrhenius the true parameters..,. but there are infinite other realizations
plots E5 andE, are composed only by limited number of point®f the true parameter as “hypothetical data sets” each of which
and therefore the parameter extraction is less accurate, as d#d be have been the one measured. Let us symbolize these
cussed in Section V. by D1y, Deay - -

ioal
344 a2

.ot
{4 a3

V. ERROR ESTIMATION
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e |yz | Monte Celo TABLE |
p ] [} ""‘"j;?“ STATISTICS OFI TERATED SPECTRAL MEASUREMENTS OF ANAMPLIFIER USING
AN HP3562 (8 A/ERAGES
mheﬁc - -g) Frequency | Mean of measured Standard Standard
et 2 (Hz) noise voltage, n. of deviation | deviation(%)
samples=60,
nV/{v,qrt(_h?
. 3.073 3.10 0.29 9.3
eyl g B 5716 2.44 033 | 135
30.73 2.34 0.22 94
) 97.16 2.30 0.31 134
ooyl g B 307.3 226 021 93
971.6 2.23 0.26 11.6
3073 2.22 021 9.4
9716 2.11 0.25 11.8

Fig. 10. Monte Carlo simulation of an experiment [18].

Each one would have given a slightly different set of fitted
parametea, as, . . ., respectively. Assuming that the difference - =
ag) — awue 1S Gaussian distributed, we can evaluate the quan-
titative uncertainties in our experimental measurenagrgim-
ulating repetitive measurements using a Monte Carlo method.
Although the measured parameter &gts not the true one, let
us consider a fictitious world in which it was the true one. Sup-
posing that the shape of the probability distributigy — ag in
the fictitious world is the same as the shape of the probability
distributiona ;) — a:ue in the real world, we are able to generate
synthetic data sets Gaussian distributed around a reconstructed e M R T
curve usinga (Fig. 10). Freguency (Wzj

The simulated data sets (let us call these &g, ) must Y § .  Ge JEET A74G taken at 36.5 K i J
: . easured spectrum or Ge akKen al . superimpose
have _the same numbe_:rs of measured points and the same Vﬁ?g#e sample of synthetic spectra generated using the Gaussian random
of allindependent variables as the actual datd%gf. By con-  generator.

struction these are supposed to have exactly the same statistical
relationship tazg asD(o) have toa;... Performing exactly the  The Gaussian random generator virtual instrument (V1), in-
same fitting procedure for each ;.. as was performed 10 taqgrated within Labview programming environment, provides a
get the parameters, we obtain the simulated measured paypise pattern larger thax 10° elements [19] and therefore itis
rameters:”’. Simulating enough data sets and enough derivegitable for our purpose. One of the problems calculating the un-
measured parameters is reconstructed the statistical gaussia@@ﬁamty that affects G—R time constants depends on the shape
havior of each parameter that compage Then, is possible to of the measured spectra. When one and only one Lorentzian
assume the standard deviation of the Gaussian distributioncgmponem is measured, the least-square fit algorithm easily de-
uncertainty for each parameterap [18]. Following the method |ivers the parameters related to the single active trap plus white
shown before, we have verified first the Gaussian d|Str|bUt|qﬂ)|Se But when two or more traps are activated Simu'taneous'y
of the HP 3562 FFT analyzer measurement process. To perfaHg spectral Lorentzian shape is less defined, decreasing the fit
this task we have measured for 60 times the noise of an ampligorithm accuracy. Then, in error calculation we have chosen
fier in the range 1 Hz—100 kHz in the same experimental Cog-worst-case approach, in fact we have estimated the error that
ditions (room temperature). Every measured spectrum was @ffects the extraction of G—R time constant creating a set of syn-
tained averaging eight records, as we have performed during {hgtic spectra by choosing a real spectrum of the Ge JFETA74G
Ge JFET A74G noise measurement. Then we have plotted figasured at 36.5 K, that shows three lorentzian components an-
distributions around the mean values of eight different spect@yzed in Section IV (Fig. 12).
components (covering the region 1 Hz-10 kHz) verifying the ysing the software previously described, 100 synthetic
Gaussian shape of each one and calculating the standard d%@ctra of Ge JFET A74G are created simulating 100 mea-
tion (Table I). surements of the same device at 36.5 K. After a five channel
These calculations yield an average standard deviation smhoothing process, the simulated spectra are fitted using a
11% in the spectrum analyzer measurement process. This vd@ast-square Levenberg Marquardt algorithm integrated into a
was introduced in the Gaussian random generator during tw@mmercial package. The initial guess coefficients introduced
creation of synthetic data sets. Using Labview we have desigriedhe fit algorithm are the same that were introduced during the
a software tool able to generate synthetic spectra, composee@xifaction of GR time constants from the spectrum measured
80 points per decade as the measured one. Synthetic spectraisirg the FFT analyzer. Assuming one standard deviation
obtained introducing a Gaussian white noise in a reconstructagund the mean as uncertainty in the determinationr of
spectrum, created analytically from the parameter extractealues, the results for the analyzed traps are summarized in
from the fit of the measured one (Fig. 11). Table II.

Modre vilungs o FYagrifiiz)
|
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The Arrhenius plotFE, is obtained in a temperature range
where some spectral measurements are taken with different tem-
perature steps and therefore the error analysis is not performed.

Every Arrhenius plot is fitted on a straight line and the energy
is extracted from the slope and the cross section is extracted
from the intercept with thg-axis according to the (8).

The results are summarized in Table I11.

VI. CONCLUSIONS

We have used low frequency noise versus temperature
spectroscopy to investigate the noise on a recently designed Ge

Fig. 12. Reconstructed spectrum of Ge JFET A74G at 36.5 K, showing thrdEET. We have improved previous methodology measuring the

Lorentzian components.

TABLE I
RESULTS OFSTATISTICAL ANALYSIS OF SYNTHETIC SPECTRA THE SIMULATION
RECONSTRUCTS ASPECTRUM TAKEN AT 36.5 K

whole noise spectrum in a range 1 Hz—100 kHz combined with
nonlinear curve fitting, instead of analyzing the noise at fixed
frequencies, as reported in previous works. The impurity levels
extracted from the Ge JFET measurements are compatible with
the Beryllium acceptor levels at 60 meV and 20 meV from the
valence band. Other two traps are analyzed, showing a probable
copper single vacancy at 34.5 meV from the valence band and
another impurity level at 79.4 meV whose origin is still not
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E1 E2 E3
0.0590 0.0208 0.0345 _|energy mean(eV) 2]
0.000434 0.0013 0.0019__|energy stdev(eV) 3]
0.73 6.56 5.6 % energy error
1.08E-13 1.34E-16 | 3.26E-16 |cross section mean(cm2) [4]
1.36E-14 6.26E-17 2.34E-16 |cross section stdev(cm2)
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disponibilita di personale e attrezzature
Mod EC./EN. 7

(a cura del responsabile locale)




Codice | Esperimento | Gruppo
ISTITUTO NAZIONALE DI FISICA NUCLEARE
. . LIGHT 5
Preventivo per I'anno 2004 X .
Rapp. naz.. Daniel Camin

MILESTONES PROPOSTE PER IL 2004

Data Descrizione
completamento
30/10/2004 - Analog link con ingresso passivo via fibra ottica basato sul'lOCCM.

30/7/2004 - Sviluppo software di controllo v.2 per il nostro criostato, a doppio loop di retroazione.

Mod EC./EN. 8 (a cura del responsabile nazionale)
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