Oponentsky posudek k disertaci Precise position sensitive spectroscopy of energetic ions
with adapted pixel device Michaela Holika

Se zvySujici se vykonnosti a citlivosti detektora ¢astic se také zvySuji naroky na elektroniku,
kterd je fidi a zpracovava data. To plati pro detektory pouzivané piimo ve fyzice ¢astic, kde
byly vyvinuty, stejné jako pro detektory, jejichZ pouziti se rozsitilo mimo tento paivodni obor.
Konkrétne skupina Medipix Collaboration v CERN soustfed’ujici dvé desitky vyzkumnych
instituci z celého svéta zdokonaluje pixelové polovodicové detektory. Zapojeni Michaela
Holika v ramci skupiny Vjac¢eslava Georgieva do tohoto programu je zasluzné. Michael ve
své praci fesil dileZitou tlohu jak propojit data ze samotnych pixelt se signaly ze spoleéné
elektrody, ¢imz se vyrazné zvétsi vykonnost téchto detektort. Proto prace je dileZita pro
vyvoj detektorti typu Medipix a tim pro &asticovou fyziku.

Tento ukol vyZzadoval praci na né¢kolika urovnich zaroveii: vybudovat novy hardware,
firmware a software. Michael ve viech té&chto oblastech vykonal potfebnou praci. Pro
hardware vySel z jiZ existujiciho ¢teciho zafizeni FITPix3 a vyuzil toho, Ze uz bylo navrZeno
jako kombinace univerzalni ¢4sti a ¢asti specifické pro dany detektor. Tuto specifickou &ast
pak pfizpuisobil tomu, aby zaroveii obsluhovala jak pixely tak i spole¢nou elektrodu. Pro
firmware vytvofil spoletné sluzby a jadra, aby poskytovaly spole¢né funkce detektoriim pies
spole¢né kandly s jednotnym formatem dat. Pfisluiny software vybudoval na principu server-
klient. Tyto tfi ¢asti dohromady predstavuji dosti monumentalni dilo, nazvané FITPix
COMBO, které se zjevné Michaelovi povedlo, soudé podle vysledki testii na konci prace:
signdl spole¢né elektrody je schopen spustit ¢teni pixelovych dat, data jsou stabilni v ¢ase na
Skale sto hodin a maji zlep3ené rozliSeni mezi 50 a 100 keV. Chytfe navrzeny experiment

s riznymi pocty folif mezi zdrojem a detektorem pfesvédéivé ukazuje, Ze spoleéna funkce
obou &asti detektoru spolehlivé méti komplementarni charakteristiky dopadajicich alfa &astic,
a to jejich polohu a energii.

Po formalni strance napsal Michael praci pfehledné. Zagal obecnym tivodem o spektroskopii
a detekci a konkrétnéji o detektorech typu Medipix. Dale vysvétlil vyhody souc¢asného vyuziti
obou stran detektoru a do jakého stadia se toto vyuziti pfed jeho vlastnimi vysledky dostalo.
Nasleduje jadro prace s podrobnym popisem hardware, firmware a software. V zavéreénych
kapitolach popsal vysledky tspésnych testl a experimentd. Jenom jsem nasel ob&asné
preklepy, drobné gramatické chyby a nepfesnosti, které pro uplnost piikladam v piiloze spolu
s naméty stylu, formulaci a doplnéni (nékteré mohou byt zpisobené tim, Ze jsem z trochu
jiného oboru). MoZna bych doporuc¢il v &asti o hardware jasnéjsi vysvétleni, pro¢ se nyni obé
funkce detektoru vzajemné nerusi tak, jako se rusily v pfedchozich fedenich. Toto vysvétleni
Jje nyni v praci spi§ implicitné.

Na konci prace je seznam referenci a deseti publikaci ve formé ¢lankd v ¢asopisech a
pfispévki na konferencich o elektronice, kosmonautice a jaderné fyzice. Oboji povazuju za
adekvatni.

Zavérem: doporucuju disertaéni praci k obhajobg. P#i ni bych rad dostal odpovédi na tti
nasledujici otazky.

V Plzni, 9.1.16 Simon Kos
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Otazky k obhajobe:

1. K obrazku 1.5: , Figure Chyba! V dokumentu neni Zidny text v zadaném stylu.-1
Output window of the application dedicated for spectrometer calibration (Tested with
compound radiation source Am-Pu-Cm)* Pro¢ neni pofadi Pu-Am-Cm? Co jsou v tabulce
energie E.t. a E.c.? Je E.t. totéZ jako na str. 1267 Pro¢ neplati pfesné uméra mezi FWHM:
3.627x5.55=20.12985, ne 20.14. Podobné, 3.627x5.22=18.93294, ne 18.94 a naopak
3.627x4.53=16.43031, ne 16.42. Rozdily jsou zanedbatelné, ale mohou ukazovat, 7e jsem

Spatn¢ pochopil samotny princip kalibrace.

2. MuZete trochu ukézat vypodet parametrii soucastek v hardware, napf. pro filtrovéni a
konverzi do diferencidlniho signalu na obr. 4-3 (kde jsou omylem nékteré kondenzétory

oznacené jako odpory)?

3.V 1.2.1 piSete, Ze detektory typu Medipix se rozsifily do vice aplikaci, neZ se pivodné
pfedvidalo. Které aplikace se predvidaly a které se ukazaly navic?



Ptiloha: Seznam pieklept, drobnych gramatickych chyb, malych nepiesnosti a naméti ke
stylu, formulacim a pfipadnym upiesnénim

Str. 2:

e ..The thesis deals with the study of the backs side pulse signal analysis, processing and its exploitation. Mélo by byt ,.back side pulse*?
Str. 7:

@ ..The thesis describes problematics of the heavy ion spectroscopy done with the pixelated particle detector Timepix regarding to the
performance enhancement done through the processing of back side pulse signal from the common electrode of the pixelated matrix.* Mozna
~the field misto , problematics" a ,.regarding* bez ,.to*". Oboji je také dale v textu.

e (called as the read-out interface)” vynechat ,,as*“? Také dile v textu (téz podobné consider as).

® ,.The second part is concerned about the specific Timepix detector application...“ melo by byt ,.concerned with*?

e ..There are described two possible approaches® mozna lépe , Two possible approaches are described there* Podobné dale v textu.

e . The both can provide equivalent output information® mozn4 Iépe bez ¢lenu, také dale v textu (téZ podobné the each, the all).

o The third part makes a detailed analysis of the most limiting factors preventing from further enhancements in the back side pulse signal
processing and improvement of its resolution* moZna nedat from*, taky jinde v textu

e ..The new complex solution is proposed regarding to the possibility of the back side pulse signal analysis running in parallel to the
measurement done the pixelated part of the Timepix.“ Mo#na lepsi neurdity ¢len A new complex solution...“ Podobné taky dal v textu.
Navic ,.done by the pixelated part*

© The design concept ranges from the level of hardware till the level of the application software.” MoZna lep3i ,.from...to...“ protoZe to
neni ¢asova naslednost. Také déle.

e, The firmware part describes a custom a logical circuit architecture and its implementation done in the field programmable array.“ Asi
Jjeden neuréity &len navic.

e ,,The chapter 7 describes...* asi nema byt ¢len

Str. 20:

e ,.The spectroscopy is a quantitative study of the energetic spectrum formed by the observed radiation field.“ Jen ,,Spectroscopy™ a ,.energy
spectrum® Taky dal ,.energy distribution” misto ,.energetic distribution®.

¢ . The chain of the processing electronics is needed for analysis of the radiation field.“ MoZn4 lépe ,.A chain of processing electronics...

e There is demonstrated how the spectroscopy signal is passed through all stages of the chain.* Lépe ,, There it is demonstrated. ..

e ,.The charge signal is converted into voltage signal while it is provided at the amplifier output.” Lépe ., The charge signal is converted into a
voltage signal at the amplifier output

o*  After transformation, the low impedance output is not as sensitive to noise intrusion as the high impedance input.“ MoZn4 trochu
vysveétlit pro¢ a jaké jsou zhruba hodnoty impedanci. Pro spolecnou elektrodu to Jsou megachmy (3.1.1, str. 44), takZe pro pixel to je
256%256 krat vetsi?

e ., An amplifier is usually placed in the short distance from a detector... Iépe ..at a short distance from the detector...“ Podobné dal v textu.
Str. 21:

o*  The frequencies that do not carry any effective information about the interacting particle energy are cut-out from the spectrum of the
input signal.“ Poml¢ka ma byt u sloZenych pridavnych Jjmen, ne u sloves. Také déle v textu. V&cné: které frekvence to jsou? Jsou to ty, které
Jsou vy33i neZ maximalni vzorkovaci frekvence ADC v posledni v&té odstavce?

e .. Therefore a channel with higher index means recording of event with higher particle energy” asi bych dal &leny ,, Therefore a channel with
a higher index means recording of an event with a higher particle energy* Naopak ur€ity &len v ,AD converter resolution determines a
number of analyzer channels* aby bylo ,,the number Podobné se cleny dal v textu.

®* The maximal value in a pulse data sequence is found and recoded in the end by incrementing of the corresponding channel counter.“
Preklep recoded a lepsi maximum nez maximal. Oboji taky jinde v textu. Vécné: proC se pficte jen k Cita¢i pro nejvétsi hodnotu? Mozna Fict
Jjasn&ji, Ze to je maximum v fadg dat pro jeden puls, ne v fadé pulsi.

e ,.Output of the analyzer is a histogram, the energy spectrum of interacting particles is provided for further analyzes.“ Dvé véty a ,analysis.
* .The most of natural alpha sources well fit within the decaying energy range from 3 to 10 MeV “ Asi bez urgitého &lenu na zacatku véty a
vynechat of. Taky jinde v textu. V&cné: tohle je velka energie. Jak moc to ponidi ten detektor? MoZna by se mélo Fict explicitng, ze
polovodicovy detektor je pn prechod zapojeny v zavémém sméru a Ze alfa &astice neproniknou do pfechodové &asti.

o . The exemplar spectrum comprised of several alpha sources can be seen in the Figure 1-2 from [2].“ ,An exemplar...* ddt ,in Figure 1-2*
bez ¢lenu jako u kapitoly vyse, také dal v textu.

® . As an alpha particle is a charged element...* mozn4 lepsi fict charged object. Taky dal v textu.

Str. 22

o* _But the radiation source proximity also means deterioration of the FWHM due to geometrical effects. Pro¢? Mysli se tim to, co je

v dal3i vétg, Ze to je kvili zp&tnému razu radioaktivnich produkti? Je to geometricky efekt?

© It can be determined from the spectrum while the mono-energetic particle source is used.“ Lépe ,,a mono-energetic particle source™

Str, 23:

o* The relation between the FWHM is as following.“ Lépe: ,, The relation between the FWHM and sigma is as follows:* v&cné: pro¢ se
Cekd gaussian? Na obr. 1-3 na str. 22 jsou piky asymetrické a na obr. 2-9 na str. 40 to vypada jako del3i chvosty.

e, When the energy distance would be smaller than a value of the FWHM they would be merged together forming just one common peak
without possibility of recognition.” Lépe: ,,When the energy distance were smaller than the value of the FWHM, they would be merged
together forming just one common peak without the possibility to separate them.*

e* Because the channel analyzer works on voltage levels it cannot directly provide energy information. It counts events that fall within the
range of the given channel.“ Trochu nejasna formulace. MoZna lepsi Fict pfimo néco, jako Ze kalibrace pfevede napéti pulsu na energii
Castice.

e, After calibration process is done the exact energy value is assigned to the analyzer channels.* Lépe: , After the calibration process is done,
exact energy values are assigned to the analyzer channels.“

e The channel where most of the events is accumulated is...* fekl bych ,, The channel where most of the events are accumulated is...*
podobné dal v textu je jednotné &islo u ,,most™

® Energy value associated to rest of the channels. .. dal bych &len the rest of the channels.. *

Str. 24:

® ,Energy of the fission fragments (commonly in order of hundreds of MeV)* mozna lépe Fict ,.on the order of... * také dal v textu.

e Even thin insensitive surface layer of the detector acts an important role.“ Clen the thin“ a .-plays an important role*

Str. 25:



e* Gammas do not cause direct ionization of the detector matter as it possesses no charge.” Stejné ¢islo: _.as they possess no charge™ Navic
Je to trochu nepfesny vyrok—mohou zpiisobit ionizaci pravé fotoelektrickym a Comptonovym jevem uvedenymi v dalsi vété. Jednomé vs.
mnozné ¢islo taky dal v textu.

e _a quite difficult task* 1épe ,.quite a difficult task™

Str. 26:

e* The association [6], was started with the primer aim to disseminate a hybrid pixel detector technology from high energy physics to other
fields.“ MoZzna bez &arky. ,prime® misto ,,primer”, taky dal v textu. _the hybrid pixel detector...* mozna by stalo za to Fict explicitng,

v jakém smyslu je hybridni.

o* After years of existence, technologically advanced Medipix Chyba! Nenalezen zdroj odkazi. and Timepix Chyba! Nenalezen zdroj
odkazi. single photon counting pixel detector readout chips were developed.* Trochu matouci, pro¢ najednou fotony, kdyz se dosud psalo o
alfa Casticich.

e, They expanded into more applications than it was initially foreseen.” Lepdi vynechat .,it", také dél v textu. Tady navic lepsi pfedminuly
¢as ,than had initially been foreseen*

e Different materials prove different detection sensibility to interacting ionizing particles” moznd lépe fict ,materials exhibit* taky jinde

v textu.

e It is also a very important factor of the detection efficiency.” Radéji ..factor for™

o* Thus sensor selection strictly depends on the targeting application of the detector.” Takze ty detektory nejsou jen pro alfa? Zatim to
znélo tak, Ze jsou jen pro alfa.

Str. 27:

o* It serves for reading of the measured data and for writing of the detector configuration.” Co je konfigurace detektoru a odkud se vezme?
Postupné se o ni po kouskach dovime dal, ale mozna by stilo za to na zacatku fict explicitng, co to je.

e _.An each pixel cell is equipped with own signal processing electronics.” Lépe fict ,Each pixel cell is equipped with its own signal
processing electronics.” Také dal v textu je ,,own* samotné

o* ,The digital part comprises a multi-purpose pseudo-random counter...* MoZnd vysvétlit, co je pseudondhodny &itad.

e The pixel counter is incremented just about one in the case of threshold exceeding “ Lépe fict ..incremented by just one* Taky dal v textu
wabout* misto ,.by*

o* Figure 1-11: moZna by stdlo za to popsat trochu funkci, aby nevznikly otazky typu: je preamp totéz jako charge sense amplifier? Kde je
na obrazku pulse shaper? Pro¢ tam jsou Ctvery hodiny? S &im se d&l synchronizace? Co je Mux? 8-bits PCR potita, které je to politko od 1
do 256 (nebo spis 0 az 255)?

Str. 28:

e . Aside to the matrix of pixels the Timepix detector also contains an additional electronics serving for operation of all pixels.” Napsal bych
~Aside from the matrix of pixels, the Timepix detector also contains additional electronics...* taky dal v textu je ,,aside to*

®* MoZna trochu vysvétlit obr. 1-12, napf. pro¢ je tam 13 DACs a jak jsou spojené s bandgap.

o* The DACs can be sensed on the external analog output. Detector also implements potential by-passing of one of the internal DACs.*

K ¢emu to je?

®* Measured data can be read-out through the serial interface (LVDS) or the parallel interface (32 bit CMOS bus).* Paralelné zZnamena jen
32 bith zdroven? Jak se vybere, ktery z téchto dvou zpiisobii se pouzije?

o ,.Detector requires separate power supply* bych fekl , The detector requires a separate power supply.*

Str. 29:

o*  Voltage may vary during detector operation according to the currently running measurement.“ Mozna Fict explicitng, ze to je nezadouci
Jjev, aby to neznélo tak, Ze to je feature.

Str. 30:

® . The Medipix detector was a powerful tool on the field of the particle tracking application.” Lépe ,in the field“ také jinde v textu

e . Usually short acquisition time is set to get a spare matrix* Sparse?

e _Even decay process can be observed in vivo.* Myslel jsem, Ze in vivo se tyké jen Zivych organismii.

Str. 31:

e* Device was based on the well-known 8051 microcontroller.”* MoZna Fict jednou-dvéma vétami, co to je.

e* ...even while operating in vacuum.“ Co je zvlastni na funkci ve vakuu? A o nékolik fadek vy3: mezi ¢im a ¢im je spojeni pies USB?
Souvisi to se str. 43, Ze pfi galvanickém oddéleni se neda méfit ve vakuu?

Str. 32:

® .. The hardware platform is almost the same just components in suitable packages were selected. Maji byt dvé véty?

e* _Reaction on external triggering events was also not suitable (It prevented detector usage in some time eritical applications like a
coincidence measurement).” Co jsou triggering events? Pro co jsou coincidence measurements kritické?

Str. 33:

o* _The migration to the FPGA base allowed creation of the fully customized design.” Uz MUROS mélo FPGA. Takze ta USB zafizeni
neméla FPGA?

e* There is a variable detector specific part — “Interface board” and a common part — “Base board™.“ TakZe to neni jenom pro Timepix
detektor?

® _.An interface board provides all necessary detector powering, bias voltage, proper signal interconnection to the I/O ports of the FPGA on
the base board.” Posledni by mé&lo byt odd&leno spojkou ,.and*

Str. 34;

e ..They were designed as a single purpose instrument strictly dedicate for specific application.“ Lépe ., They were designed as single-
purpose instruments dedicated for specific applications.“

Str. 35:

@ _.(On the right side — particle path is perpendicular to the detector surface, on the left side — a proton interacts under an angle)” Neni to
naopak? Mozna lepsi pouzit Cisla obrazki.

o* Energy calibration matrix has to be applied on the measured data matrix (because pixels are not identical and their response is different
even when considering same input Chyba! Nenalezen zdroj odkazii.).” Kalibrace se déla po méfeni?

o*  Charge sharing analysis and fitting is done for each individual track. Finally, a resulting sum of energy belonging to one interacting
alpha particle is obtained.” Charge sharing vysvétleno az dale. Zni to jako Ze pro jednu alfa &astici je vice drah.

® .Higher the voltage is faster the collection process is and cloud spreading is also smaller.* Lépe Fict , The higher the voltage, the faster the
collection process and smaller the cloud spreading.* Taky dal.

Str. 36:
o* BSP proud je soucet proudii jednotlivych pixelu? (viz véta na dalsi strance ,,The common electrode signal involves contribution from all

the pixels.”) Jaky je vztah napéti na spoleéné elektrodé a na jednotlivych elektrodach na pixelech? Spoleéna elektroda je hlinikové vrstva na
obr. 1-10, str. 26?7



Str. 37:

e _Influence of the charge sharing effect on the spectroscopy resolution is not a case in the back side pulse spectroscopy approach.“ Mozna
Iépe Fict ,,is not an issue*

o* _Influence of the pile-up effect of the back side pulse signal on the resulting spectrum can be significantly eliminated.“ Mozna vysvétlit
Jjednou vétou, co je pile-up effect.

o* Tracks left in the pixelated matrix clearly show number of interactions within the partial acquisition cycle.* Co je partial acquisition
cycle?

o* _If more tracks are registered than partial acquisition data is not included in the final result evaluation. Asi ma byt ., If more tracks are
registered, then partial acquisition data are not included in the final result evaluation. Carka za podmifiovaci vedlej$i vétou a than misto then
taky dél v textu. VE&cné: vic drah nez ceho? Nez pulsii na spoleéné elektrod&?

e  wise versa“ ma byt ,vice versa“

®*  The self-trigger signal can be generated to initiate a measurement of the Timepix detector Chyba! Nenalezen zdroj odkazi..“ Mysli se
tim, Ze signal spolecné elektrody je spoustés pro éteni pixelovych signdli? O nekolik fadek vys se pige, ze Casy jsou nesrovnatelné. Spole¢na
elektroda je rychlejsi? Jak moc? Jaké jsou hodnoty téch tasii? KdyZ se pouZije spole¢na elektroda jako spoustac, daji se porad jesté délat
korelace popsané v predchozi sekci 2.3.27

e* The Timepix can also be employed as a part of a multi-detector system dedicated for observation of the complex nuclear processes.*
Jaké komplexni procesy to jsou napf.?

Str. 38:

e* ,The approach requires utilization of a “heavy-weight” aperture.“ Co to je a pro¢ je to potieba?

®* Pro¢ se v 2.5 piSe, Ze spoleén4 elektroda fungovala nezavisle, kdyz posilala spoustéci signdl do pixelového detektoru?

e . Although both devices are operated relatively close together the spectroscopic resolution is not much better as it was achieved in the
original concept of the back side pulse spectroscopy.“ Lépe ..... not much better than that achieved.. ©

e . Performance of the microcontroller did not allowed to create.. * ma byt .. did not allow* Taky dal v textu.

Str. 39:

®* V popisu obr. 2-7 m4 byt, e Spectrig je A. V popisu obr. 2-8 se pise, Ze ve Spectrig je FITPix. Tak¥e na obr. 2-7 Jje FITPix vlastngé
dvakrat?

e . The Timepix detector as the part of the spectroscopy chain is limited in term of the maximal energy resolution.* Kromé &lenu »a part” ma
byt také ,,in terms* a ,,maximum®, oboji taky jinde v textu.

®* A large area of the sensor (in comparison to the common single pad detector) is characterized by a higher capacitance that presents a
negative influence on the energy resolution.“ Co je single pad detector? Je to single pixel? Pokud je to cela plocha, tak asi ma byt comparable
misto in comparison.

e*  Above all, the underlying digital read-out chip possesses the main factor of deterioration while it is powered and active.” Mozna trochu
vysveétlit, pro¢ je cteci &ip hlavni problém.

Str. 40:

e Cast obrazku 2-9 je dvakrat.

o* Slightly better results of the spectroscopic resolution were published in the source [14]. Lépe ,results for...“ vécné: vysvétlit, pro¢
Medipix mé lep3i BSP rozlifeni, kdyz Timepix ma byt lep3i detektor.

Str. 41:

©* Pro¢ se zapnutym Timepix jsou piky nerozlisitelné? Je to, co se myslelo posledni v&tou v 2.4? Proé galvanické oddéleni pomiize? Viz
posledni véta na strané 42, 7e to spojeni d&l4 interferenci. Ale i bez Timepix je spole¢na elektroda pripojena na rozhrani, takZe ten Sum tam
n&jak vznika signaly z jednotlivych pixeli?

Str. 42:

@* Na obr. 2-12 mé byt Medipix nebo Timepix? Spectroscopic module je Spectrig?

Str. 43:

e* Co je galvanic signal couplers?

Str. 44:

e . The previous development did not provided a sufficient output that would enable to use potential benefits of the back side pulse signal
processing.” Spatné utvofeny minuly &as jako uz vyse, ale tady navic bych pouzil sloveso ,enable® s pfimym pfedmétem.

® A wide range of related subjects has to be considered altogether.“ Asi lépe ,have to be considered all together.*

o Therefore the signal is very sensitive for intrusion of any additional noise.* Lépe , sensitive to* Také dal v textu

e, External VO signals, needed for trigger connection, also forms unwanted relation.* Podmét v mnozném ¢isle, pfisudek v jednotném. Také
Jinde v textu nebo naopak.

e ,....mutual correlation is irretrievable lost* ptislovce wirretrievably*, taky dal v textu pfidavné jméno misto prislovce

e Finally, all the bunch of the records is useless and has to be excluded from result evaluation.” Lépe fict ,,the whole bunch*

Str. 45:

o _The Timepix detector has to be placed near to the amplifier...* lépe ,,near the amplifier«

Str. 46:

e .In principal...“ ma byt _In principle“

o* The merged device implements the Timepix control functionality as well as the spectroscopic functionality while both running in
parallel without any blocking.* Co je blokovani?

Str. 47:

o . Therefore the following mechanism is introduced as a mean of the data correlation.* Mona lépe ,.as a means for data correlation*

podobné dal v textu

e ,In the same manner the reminding events B and C will be recorded afterwards.“ Ma byt ,remaining*? Také dal v textu.

Str. 49:

©* Moznd popsat trochu, co délaji bloky v obr. 3-4 az 3-6.

Str. 50:

o* Co znamend knihovna v obrazku 3-77

Str. 52:

e, The amplifier connection is shown in the Figure 4-2.% Lépe Fict ,, The amplifier circuit diagram is shown in Figure 4-2%. Podobné dal
v textu.

Str. 53:
o* ..Therefore the pre-amplifier circuit is placed directly under the detector on the bottom side of the PCB® Nezniti ho radiace?

®* The surrounding network of the differential amplifier serves as a band pass filter.” Kde tam je? Pousti nizké nebo vysoké frekvence?

Str. 54:
® A common level of the differential outputs has to be shift because a single channel power supply source is used.“ Asi ma byt _shifted*



Str. 55:

o* The effective input signal range of the ADC is reduced to half (just eleven of twelve bits are used while considering that the negative
polarity signal range is not used).“ Nedd se to celé n&jak pfekalovat, aby se vyuZily viechny bity?

Str. 56:

o* Odkud se vzaly hodnoty napajeciho napéti v obrazku 4-6? Kde tam je napdjeni samotného detektoru vysokym nap&tim?

e* V obrizku 4-7, kde kongi step-down a za¢ina LDO? Tam, kde je pfivod mezi dvé civky?

Str. 57:

o* Kam se pfivede 3V3D a 3V3A z obrazku 4-8 do obrazku 4-4 na str. 55?

Str. 58:

e (as important are considered supply channels directly related to the detector)™ asi lépe Fict . (supply channels directly connected to the
detector are considered equally important)

e* _The main purpose of the on-board DAC is to by-pass internal DACs of the Timepix detector. One of the internal DACs can be
substituted by the external voltage source.” Pro¢ je potieba obejit vnitini pfevodnik? Pro¢ se vnitini pfevodnik ma nahradit vn&jsim zdrojem
napéti?

o The TEST_IN signal is get by switching between two independent DAC channels” mozni Iépe , obtained*

Str. 59:

e _done by the CMOS switch TS5A3159“ ma byt TS5A3159A?

o* The ADS7953 from T1 was selected as a suitable converter” Proc jiny nez na obr. 4-4 na str. 537 Co jsou napétové a proudové kanaly?
Str. 60:

e* Je obr. 4-17 pravy okraj obr. 4-157 K &emu jsou vng&jii vstup analogového signalu a vn&jsi zdroj napéti?

e _ It can be done by dis-soldering of a resistor in the bias source RC filter.* Ma byt . desoldering™

Str. 61:

e _Before the chip boding is done the bonding pads have to be covered with a capton sticker to protect them from the surface contamination
that should happened during an assembling process of other clectrical on-board components.* Pieklep ,.bonding™, gramatika _that might have
happened*

e* Figure 4-19 contains a detailed view on the PCB...* lépe ,.a view of* Vécné: jak spolu souviseji ty dva obrazky 4-18 a 4-197 4-18
vypada jako vétsi detail.

Str. 62:

e . The effective surface of the device is too small to irradiate enough heat... “ lépe , radiate”

e . The back side pulse signal gets useless at all (... and proper charge collection is no more possible).“ Lépe Fict ,.becomes useless
altogether” a _no longer possible*

e . To avoid the over-heating issue the following temporary solution was done.* Lepsi used?

e . Without any protection the detector is easy to be hindered by handling” ma byt _ damaged*?

e 2x2 or 4x1* dat v opa&ném pofadi jako na obrazku?

Str. 63:

e* The interface board PCB consists of 8 metallic layers with 35 um Cu thickness.“ Protoze by se draty nevesly do jedné vrstvy?

Str. 64:

e* The top one is the layer of user functional cores.* Co jsou uZivatelé? Pixely a spoleéna elektroda?

e* They are placed on the same level as other generic cores are.” Pro& nejsou na stejné arovni jako Common Supporting Services?

o . Their cohesion is with common supporting layer is marked with by hatched area.” Dvakrit sloveso a dvé predlozky. Taky jinde v textu.
Str. 65:

o* Souvislost mezi obr. 5-1 a 5-29 Time-stamp Distribution je totéz jako Time-stamp Generator? Kde je Repeater Core na obr. 5-17 Naopak
kde je Reset Distribution na obr. 5-27 Uzivatelé jsou Spectrig a FITPix? Je levy sloupec v 5-2 spodni vrstva v 5-1 a pravé dva sloupce horni
vrstva?

e* _An effort was put upon minimal coupling and maximal mutual module independence. Prog?

® . The Chyba! Nenalezen zdroj odkazii. below serves as an insight on types of interfaces of a generic user core...* Iépe provides an insight
into.

e* Obr. 5-3: KdyZ jsou optional, tak proé should be? Vécné: Pro¢ je rozhrani tieba mezi Time-stamp interface a Error Interface? Co
znamenaji sméry Sipek?

Str. 66:

e . Global an local reset signals are provide through the interface.“ P¥eklepy: ,.and... provided™

® Dopinit odkazy na sekce v seznamu rozhrani.

o* Pro¢ jsou kanaly virtualni?

e  Figure 5-4 bellow presents a structure of...* mé byt ,,below* také jinde v textu

Str. 67:

®* Obr. 5-4: v Transmitter Part m4 taky byt kanal 0, 1 aZ n jako v Receiver Part? Vécné: pro¢ ma kazda Gast své hodiny? Mozna souvisi

s vétou v 5.3 na str, 68: It is almost impossible to connect all the cores to the same (common) clock signal and to preserve a full
functionality of the entire device. Such a compromise would significantly hinder a resulting performance.

e, All virtual channels are equal in term of access rights for outer communication.” M4 byt in terms of*

® . An unpredictable transmission delay would be a result if priority levels are assigned to virtual channels.* Lépe would result, were.

o> It grants almost the same maximal response delay for each virtual channel. Lépe ..maximum®, taky jinde v textu. Vécné: pro¢ chceme
maximalni zpozdéni odpovédi? Ma byt guarantees misto grants?

Str. 68:

o* Virtual channels is transparent for user cores.” Co to znamena? Jak by mohly byt neprihledng?

e* Jaky je rozdil mezi baliky na obr. 5-5?

o* Specific requirements mainly originate from a unique core purpose.” Jak ten ugel ovlivni chod hodin, napi.?

e* The PLL module is configured to be operated in the static mode (constant frequencies).“ Mohla by se jinak frekvence ménit?

Str. 69:

e A real time measurement requires appropriate means for synchronization of the impendent user cores.” Independent?

e* Time resolution provided by a personal computer is useless when considering a physical experiment background.* Pro? Je to rozliseni
piilis malé?

e . Because of it the tailor made solution was implemented directly on the firmware layer.” Ma byt , level™?

o* ,Only the necessary presumption is that the common Timestamp Interface is supported by a user core.* Ma byt .. The only* ? vécné: co je
potieba pro to, aby to jadro podporovalo?

Str. 70:



e* .Synchronization is done by means of the dual clock FIFO memory.™ Jak to funguje? Viz téZ konec 5.2.1. na str. 67. Mi byt FIFO
memory dual clock?

e* Co viechno udél4 reset signal?

Str. 71:

o* . The lock state signal is used for generation of the global reset signal.* Pro které hodiny to je?

e, (without relation on the other cores running in parallel) ma byt relation to.

® A source of the local reset is the Service core (described more in detail in chapter xxx)." Tady xxx ma byt 5.7?

e* The Composition reader Core is a receiver of the composition information.* Co Jje composition information? Je to ten seznam v 5.6.4 na
str. 727 Co je major a minor? K éemu Jje dobré mit rok, mésic, den a hodinu, kdy byl napsan program?

e, The core is composed of the Command reception unit, the Control unit and the Enpacketing unit.“ Je enpacketing skuteéné slovo?

® A vector of the Core Info Interfaces is connected on its input.* Md byt connected to. Taky jinde v textu predlozka on misto to.

Str. 73:

®* Meaning of the content depends up to each core. Exact meaning and description is to be find in the documentation of the individual
cores. “ Ma byt ,.depends on each core®, _is to be found in the documentation for the individual cores.“ Jaky vyznam to napt. miize mit?
e* The Composition reader Core is defined as omnipresent in any COMBO device firmware configuration. It has to be always connected to
the virtual channel with the index zero.* TakZe i na predchozich obrazeich byl nulty kanal tenhle?

Str. 74:

e* Local Reset v obr. 5-11 i v 5-9 na str. 70. Je to toté?? V 5.5 na str. 70 se piSe, Ze zdrojem local resets je Service Core. Kde jsou State
Signals taky na obr. 5-11?

®* Pro¢ je u n Core Event, kdeZto u ostatnich Core descriptor? Asi maji byt viechny event, protoZe descriptor je pro Composition Reader
Core, obr. 5-10, str. 72.

e . The Service Core monitors run of other cores. Ma byt ,,on other cores®?

e It is unified interface dedicated for reporting of the error state occurrence within user cores.* Ma byt ,.dedicated to“? Taky dal v textu.
Str. 75:

® .Signal serve as acknowledge for receiver of the error event. Whenever some error event is reported be any user core write signal is set
active.“ Lépe Fict . The signal serves as an acknowledgement for the receiver of an error event. Whenever some error event is reported by any
user, the core write signal is set active. Taky jinde v textu be misto by nebo naopak.

®* Obr. 5-12 je n+1 krat v obr. 5-117

Str. 76:

® . .When the command is received all the already capture events are sent as a response.” Ma byt already recorded?

Str. 77:

e* Inconsistent command frames... “ Co to znamend? Téz str. 84, 5.9.2, checksum is correct. Je to totéz? Co to znamena?

Str. 78:

o*  Basically, the analog input signal of the Spectrig can be of the positive or negative polarity.“ Na iiplné prvnim obrazku Fig. 1-1 to
vypada, jako Ze polarita je jen jedna. Jak miize byt oboji, kdyZ napéti na detektoru ma danou polaritu uréujici smér proudu pii detekci? Nebo
zplisobeno diferencidlnimi Gpravami? Ale pak by mély byt obé& polarity najednou ve dvou paralelnich signalech.

e, The digital signal processing chain implemented within the Stream processing unit is designated to support just the positive polarity of the
signal only.“ Stagi just nebo only. Taky jinde v textu.

®* It is storage of signal samples that precede a trigger event.“ Neustale se piepisuje? ProtoZe dopfedu nevime, kdy dojde k trigger event?
Ale podle obr. 5-18 na str. 81 to vypada, jako Ze se pre-trigger nacte a pak se deka.

Str. 79:

o* ,The Condition-out signal could be considered also as a shadow trigger.” Jak se rozhodne, ktery signal vysle, jestli trigger nebo condition
out?

e ..The triggering unit reacts on the edge of the signal.* Ma byt reacts to.

®* Obr. 5-16 a 5-17: pro¢ je Measurement active i tam, kde neni spudtény trigger? Na obr. 3-2 to vypada, jako Ze je active aZ po trigger.
Mo#na dobré fict, pro¢ tenhle rozdil.

Str. 80:

o _Is serves mainly for system test purposes to validate viability and function of the chain.“ M4 byt it.

e it also implies to the condition-out signal“ ma byt ,applies*?

o* For example, the window trigger can start a measurement in the time of the trailing phase of a pulse waveform.* Protoze pii vzriistu
nevime, jestli nepfeleze horni hranici? Pak mozna can Je pfili8 slabé sloveso a lepsi by bylo fict window frigger starts.

e, Along to the saved pulse waveform other additional information is stored.” M4 byt along with. Taky dél, nebo Je along bez predlozky.

e ..The next additional registered information is a value of the pulse counter Iépe néco jako piece of information, protoze je to latkové
podstatné jméno.

Str. 81:

o* packet length is constant and there is given a maximal payload length for each packet” jak se nastavi maximalni délka, kdyz je délka
konstantni?

o* The COMBO device firmware can be synthesized with the virtual AD convertor by setting of a generic constant. In such a case an AD
converter model is used instead of the real AD converter.“ Mozna dobré vybrat jeden pravopis, converter convertor. Vécné: kde je ten
virtudlni pfevodnik na pfedchozich diagramech?

Str. 82:

o* ,Busy out: The signal informs about the current Spectrig ready state for reaction on a triggering event.“ Nemél by informovat, Ze Spectrig
neni pfipraven, tj. not ready state?

Str. 83:

®* Pro¢ implementovat nebo ne optional part? Pfikazy v 5.8.6 jsou povinné jen pro Spectrig kdezto ptikazy v 5.8.5. jsou povinné pro
Spectrig i Timepix? Navic podle obr. 5-3 na str. 65 jsou optional interfaces a core specific interfaces riizne.

®* ADC sampling clock frequency: &im se to ligi od Set sampling frequency v 5.8.5? Jak to souvisi s ADC sampling clock division niz

v seznamu?

® ,....samples that can be stored retrospectively prior a triggering event of the pulse waveform acquisition.” Ma byt prior to.

o* setting of the special function register” co to je?

o*,.On the other side it provides high-level access to pixelated detector services.“ Co jsou detector services? Co je high level a low level?
Posledni fadka str. 89 Fikd, Ze je to zavislost na hardware. Podobné handshake je vysvétlen az na str. 92, ale pie se o ném dfiv. Dokonce
vysvétlen dvakrat, jesté na str. 95, tak by asi bylo lepsi jednou a podrobnéji a hned pfi prvnim vyskytu,

Str. 84:

® ,,The Command reception block, the Control unit and the Response Enpacketing block forms a support for the Universal Timepix
interface.” Podmétem je skupina, take sloveso by mélo byt v mnoZném Cisle. Taky jinde v textu.



o* The entity receives a raw data stream.” Od koho? Od universal interface? Co tady znamenaji surova data?

o* Data de-multiplexing déla multiplexer?

Str. 85:

e* It is implemented as a complex state machine.” Co znamena komplexni? Jenom Ze je slozita nebo néco vic konkrétniho? Také pro
Timepix Universal Interface, str. 86.

o* Co je dead lock a watchdog? Také vysvétleno az dil a moZna by bylo lepsi také vysvétlit hned pfi prvni zmince.

Str. 86:

o* The measurement clock signal can be generated with variable frequency™ Ale dfive se psalo, Ze frekvence byla pevné nastavena,
staticka—viz 5.3.1, str. 68. Tak trochu vysvétlit rozdil.

e* The measurement start and stop can be also synchronized with the external signals (Trigger In, Busy In).“ Mysli se tim: ,.The
measurement can also be started and stopped by external signals.“? Musi tam byt oba, tj. kdyz se to spusti vné&jsim signalem, tak se to s nim
musi i zastavit?

e* the Timepix Clock-out signal is asynchronous to the Clock-in signal due to a propagation delay* jsou tyhle hodiny totéz jako FIFO dual
clock? Taktéz read-out clock, jehoZ frekvence se nastavuje v 5.9.11 na str. 89? Mozna lepsi pouZivat stejny nazev pro jednu véc.

Str. 87:

e* Clear data matrix : pro¢ se musi néco ¢ist, kdyz se to stejné zahodi?

e _In comparison to the normal matric read-out operation the gained data are ignored* ma byt matrix?

o* The unique chip ID read operation has to be done simultaneously to the configuration writing. It is given by a detector nature. When
configuration data are shifted-in the chip identifier data are shifted-out.* Pro€ se to d&je najednou?

e _The reset signal of the well-defined timing is generate when the operation is requested.” Pfitomny ¢as misto trpného rodu. Taky jinde

v textu.

e* The reset signal affects just some internal registers of the Timepix detector (a content of pixel counters and pixel configuration registers
is kept unaffected)” Které registry se resetuji?

e* The operation implements safe handling of the detector powering.“ Co tady znamena bezpe&né zachazeni?

e _The trigger out signal can be used for synchronization with other outstanding device. The measurement the entire set-up can be initiated
by the Trigger out signal.* Mnozné &islo; dva podméty.

Str. 90:

e The core manages interconnection between three groups™ lepsi among, pokud to neni po dvojicich.

e* Interconnection is to be changed during the device run time* Co to znamena a pro¢ se to déla?

e* Cross connection array—je to druha Gast ze tfi v 5.10.1 na str. 89?

e .. The Chyba! Nenalezen zdroj odkazi. shows how the cross connection array is build up.” Ma byt built. Taky jinde v textu.

e According to the applied configuration the Smart Pin entity selects on of the source signals.” Md byt one, taky jinde v textu,

o* The output of the Smart pin entity is synchronized with associated clock signal that is provided by vector of clock signals. Pro¢ vektor
hodinovych signala?

Str. 91:

e* Mozna trochu vysvétlit obr. 5-22: prvnich n+1 svislych ¢ar je pro signaly ven. K ¢emu jsou dalsi svislé ary? Pro vn&jsi IO signaly

v opacném pofadi? Jaky je rozdil mezi témito dvéma druhy signalu? Pro¢ ze svislych /O ¢ar jdou viechny odboc¢ky do kazdého smart pinu,
ale naopak jde jen jeden? Jsou vstupni signaly do I/O smart pinu stejné jako do vstupnich smart pinii? Posledni mé byt asin, ne 1.

o* jak se vybere N v N stage synchronizer?

Str. 92:

o* K ¢emu je tady high-Z state?

Str. 93:

e _The access requests are sequentially past and processed from the top (user core) to the bottom (external periphery). Asi lepsi passed.
o* A restrictive access mode shall be configured by an application software. Once it is applied a resource is locked just to one user core.“ A
co kdyz ho pak budou potfebovat dal3i uzivatelé?

Str. 96:

o* Settings for all shared resources are stored within one common register map.“ Kde je ta registrova mapa na diagramech 5-21 az 5-257?
Str. 97;

o The Monitor Core does not directly influences function of other user cores within the firmware.“ Ma byt influence. Podobné jinde v textu.
e Scanning of the shared peripheries channels is initiated in the time of the command reception.” Ma byt at the time.

e The synchronous acquisition is performed till the abort action is not requested.” Ma byt is? TéZ na dal3i strané v 5.11.4.

o* _two instances of the Shared ADC driver™ pro¢ dva?

Str. 98:

o* § kym interaguje Repeater Core? Odkud dostiva data a kam je posild?

Str. 100:

o* Na obr. 6-2 neni vyznaceno spojeni s FTDI a pies ng&j s firmware?

Str. 101:

o* _All branch stages are interleaved by memory buffers* MozZna fict, pro¢ se musi Eekat na cesté.

Str. 102:

o* All the server data paths are dynamically created when they are needed.” Pro¢ tam nejsou napevno?

o _Allocation of memory buffers and instantiation of any other objects needed for the data path build-up is...* ma byt initialization? Taky
jinde v textu.

Str. 103:
e* _lts purpose is to seek for a presence of the compatible device.” Lep3i search for. V&cné: co je compatible device? Kde hleda?

o _Employed channels are tested if they are already engaged or if they ready to accept new client connection.* Ma byt still engaged? Chybi
sloveso are.

e _If client disconnection is detected... lépe disconnect?

Str. 104:

o* Error state reporting—jsou to chyby ze Service Core?

o The server library does not implement any logics for the error state resolving.* Asi lepsi logic. Taky jinde v textu.

o* Jaky je rozdil mezi tim, co hleda Beacon a co hleda FTDI device manager?

e  After that, the default client is disconnected to let channel with zero index free for any other client application.” Chybi sloveso.

o _Till the composition evaluation process is not finished the beacon server cannot provide any relevant composition information to client
applications.” Lépe As long as the composition evaluation process is not finished... nebo Until the composition evaluation process is
finished. ..



e .According to the applied filtering criterion the right connection point associated with the requested compatible functional core can be
get.” Lepsi can be obtained. Taky jinde v textu.

Str. 105:

o* the default client returns the composition information to the server application.“ Co to znamen4 a pro¢ to déla? Mozna Fict explicitng, Ze
to je kvili navazani spojeni.

Str. 107:

e* all the user cores (virtual devices) synthetized within the currently connected FITPix COMBO device.“ Co tady znamena syntetizovat?
e ..There are shown statistical information for all the currently managed virtual channels:* 1épe data neZ information?

Str. 109:

®* Pro¢ je v obr. 6-15 Mpx3Device pfipojen na Mpx2Ustils a naopak? Navic tam je MpxDevice bez &isla. Co délaji ty rizné bloky? Proé
Mpx2Device ziistane v obr. 6-167

e . The main difference is to be seen in the outer connection of the FITPix.“ Lépe can be seen, aby to neznélo jako néco v budoucnosti.
o* Co je parametric content of commands?

Str. 111

e _Epecially in the case of the parallel run of the FITPix and the Spectrig Core measurement they become necessary.* Preklep.

Str. 113:

o*  Note that the shaping time of the in the individual pixel can be configured.” Jen Jedna piedlozka. Vécné: co je shaping time? Téz
posledni véta v 1.1.1.3 na str. 21. Jestli je to délka pulsu, pak by mozna bylo srozumiteln&jsi fict prosté pulse length.

e _.lt is getting even more important factor than filtration of the high-frequency background noise to avoiding the aliasing effect.”

Str. 114:

@ .....to let the spectroscopic signal to return on the basic level.* Lépe to let the spectroscopic signal return to the basic level.

®* MoZna strucné vysvétlit, pro¢ vypnuti TIMEPix d4 zapornou polaritu v obr. 7-2.

e _For both values of the resistor there was. .. resistance?

e _.Resulting spectra clearly shows... “ spectra je mnozné ¢islo. Podobné data. Taky jinde v textu.

Str. 116:

® ... there are several software tools participating on the data transfer” ma byt participating in.

@ .....and what the performance of designed the solution is.* Urity ¢len je za pfidavnym jménem. Taky jinde v textu.

o* K tabulce 8-1 fict explicitng, Ze se porovndvaji riizné rezimy prace.

Str. 117:

e . proprieties of the generated pulses were constant during the entire test* Ma byt properties?

Str. 118:

® .. The more detailed look on the spectroscopic response variation renders the next Chyba! Nenalezen zdroj odkazi..” Ma byt look at.
Taky dal.

Str. 121:

e ....during the acquisition of the date sets needed for the calibration process. Ma byt data sets.

o* V tabulce 9-1 tdaje pro Am nedévaji dohromady 100%.

Str. 122;

o* Hrbolek okolo 300ns na obr. 9-1 je shutter jako na obr. 7-1, str. 113?

Str. 123:

e . Undergone physical experiments* [épe performed?

Str. 124:

e, Both calibration (using 2 isotopes Am-Pu and 3 isotopes Am-Pu-Cm source) provides quite comparable results. Ma byt both calibrations
provide.

Str. 125:

@ . Because once the tight correlation between the interacting alpha particle energy (provided by Spectrig Core data) and its place of
interaction (provided by FITPix Core data) would be lost then the acquired data gets useless at all * Lépe is nez would be.

e ..Detailed look on the detector-foil arrangement is presented by the Chyba! Nenalezen zdroj odkazi..” Gramaticky lépe A detailed look
at... ale v tomhle pfipadé lepsi formulace je Figure 9-8 shows the detector-foil arrangement in detail.

Str. 126:

e _experiment under progress” lépe underway.

e ,.During the entire measurement run there was acquired more than 100 000 of events.“ Lépe more than 100 000 events were acquired.
® _A single purpose script was written to make a merge of the two separated data sets* lépe to merge the two separate data sets.

Str. 127:

. Range plot can be found at source Chyba! Nenalezen zdroj odkazii.* lépe in reference.

o _This source also provides tabled values™ lépe tabulated values.

o Therefore estimation has to count with this layer also.* Lépe Therefore the estimate has to take into account also this layer.

Str. 128:

e Each partial spectra is quite spaced from its adjacent ones.” Lépe Each partial spectrum is well separated from adjacent ones.

e . The median energy value was computed each.” Lépe computed for each of them.

Str. 129:

e The thin vertical red lines mark a median energy value of the each partial area A, B or C.“ méa byt horizontalni?

Str. 131:

o* Mozni definovat sensor depletion. Viz té7 1.2.5.6 na str. 29.

® . However, the interface board is prepared for connection the external bias source.” Lépe connection to an external bias source

e ..Overview of the spectroscopic responses of is shown in the Chyba! Nenalezen zdroj odkazi. Chybi podstatné jméno za predlozkou.
e ... the spectrum becomes to separate into several peaks.“ Lépe begins?

Str. 132:

Na obr. 9-19 a 9-21, pro¢ je vidycky spektrum dvakrét (viz téZ obr. 2-9 na str. 40)

Str, 134;

®* When considering comparison of 130 and 150 V data sets there is still apparent a slight shift of the spectrum to higher channel values. It
indicates that charge collection is not yet ideal.“ Mozna vysvétlit pro¢.

Str. 136:

e Therefor a significant progress is to be expected here.* Pieklep



Posudek na diserta¢ni praci Ing.Michaela Holika
"Precise position sensitive spectroscopy of energetic ions with adapted pixel device"
vypracovanou pod vedenim Doc. Dr. Ing. Vjaceslava Georgieva
na Fakulté elektrotechnické Zapadoceské univerzity v Plzni

Posudek vypracoval Ing. Stanislav Pospisil, DrSc., UTEF CVUT v Praze.

Ukolu posoudit diserta¢ni praci pana Ing. Michaela Holika jsem se ujal se zdjmem. A to jak
proto, Ze spektrometrie ionizujiciho zafeni mné provazi po cely mij profesni Zivot, tak pfedevsim
proto, Ze jeji vysledky vyznamné rozsifuji metodické moznosti vyuziti pixelovych detektord jako
polohové citlivych detektori ionizujiciho zafeni. UmoZiuji totiZ ziskdvat Gplnou a piesnou
informaci o registrovaném energetickém iontu, tj. nejen o ¢ase a misté jeho interakce v detektoru,
ale i o jeho energii. Vzhledem k malym rozmérim a kompaktnosti celého disertantem vyvinutého
detekéniho zafizeni, 1ze oCekavat fadu jeho uplatnéni v zakladnim fyzikalnim vyzkumu i v jinych
oborech (koincidencni jaderna spektroskopie, analyzy tenkych vrstev typu NDP, RBS, hadronova
terapie, nuklearni materidlovy vyzkum, geologicky prizkum atd.). Cenim si pfitom, Zze
spektrometrickd ¢ast detek¢niho zafizeni FITpix Combo je vybavena Fidicim a zpracovatelskym
programovym vybavenim, které jiz nyni umoZiuje vyuzivat detekéni systém v plném rozsahu.
Pokud je mi zndmo, nebyl podobny spektrometricky systém vyuzivajici pixelovych detektori
dosud ve svété¢ vyvinut. Proto vidim vyznam disertacni prdce Ing. Holika jako velmi inovativni z
pohledu vyvoje "technologii pro detekci ionizujiciho zdreni” a potfebnou pro "aplikovanou
Jadernou fyziku" a "dozimetrii kolem urychlovacu édstic”, a to i v mezindrodnim kontextu.

Dalsi vyjddieni k systematicnosti, prehlednosti, formdini upravé a jazykové iirovni
disertacni prdce. Prace je rozdélena do deseti kapitol. Je systematicky sestavena. Prvni tfi kapitoly
jsou tvofeny tivodem do problematiky, popisem funkénosti pixelovych detektori typu Timepix a
konceptem navrhu spektrometru s pixelovym detektorem ve spojeni se stavajicim HW a SW pro
tyto detektory. Je pfitom jasné formulovan cil prace, jenZ je pfehledné rozepséan do dil¢ich krokt
co do upravy a vyvoje ¢asti R/O interface se spektrometrickym modulem. Dali tfi kapitoly jsou
vénovany navrhu nové desky ti§ténych spoji pro detekéni systém FITpix Combo, ndvrhu jeho
"firmware", vyvoji aplika¢niho spektrometrického SW a jeho propojeni s vyvinutym
programovym balikem Pixelman. Pomémé sloZitd logika funkénosti jednotlivych asti i celého
zafizeni je v nich dobfe popsana. Kapitoly 7, 8 a 9 jsou vénovany ladéni celého detek&niho
systému, jeho testovani a ovéfovani jeho funkénosti v redlném experimentu méfeni tloustek
absorp¢nich folii. Je v nich prikazné doloZena funk¢&nost celého vyvinutého systému. Posledni
kapitola sumarizuje vysledky, naznac¢uje mozné vyuZiti zafizeni FITpix Combo a rozebird, kam by
mohl dale sméfovat jeho vyvoj. T€Zi§té prace vidim osobné v kapitolach 3-8, v nichZ disertant
dokumentuje svou zpusobilost tviir¢iho navrhafe analogové i digitalni elektroniky tim, jak se
zhostil navrhu i realizace celého zafizeni véetné stanoveni jeho funk&nich parametrd. V kapitolach
8-9 k tomu doklad4, Ze je obeznadmen i s problematikou spektroskopie. Prace je totiz vybavena
pfehlednymi blokovymi schématy, jeZ dovoluji i ¢tenafi, ktery je nepfili§ znaly terminologie
soucasnych integrovanych obvodi, porozumét jejich funkénosti a detailné tedy vyuZivat moznosti
zafizeni k redlnym méfenim, a to s riznymi metodickymi postupy.

Ohledné obsahové a jazykové stranky mam k praci tyto poznamky, pfipominky a dotazy.

- Povazuji za $kodu, Ze v abstraktu neni jasné vyjadieno, co disertant ve skute¢nosti vykonal a jaké
jsou parametry vyvinutého zafizeni.

- Text prace je, zejména v jeji prvni ¢asti, psan ne zcela obvyklym jazykem z pohledu jaderné
spektroskopie. Ten ne vzdy koresponduje se zab&hlymi pojmy ve fyzice, vécné je vak spravny.

- Vazba prace neni dostate¢né pevna a rozpadd se. Rovnéz pieklepi se mohl disertant vyvarovat.



- Priloha uzité literatury je v podstatné mife vdzana na publikace vénované pixelovym detektortim
typu Timepix. Bylo by jisté ku prospéchu, kdyby disertant v rdmci svého studia ¢erpal pro svou
praci 1 z publikovanych vysledk dalsich tymu vyvijejicich polohové citlivé detektory ve svété.

- Co povazujete za hlavni prednosti Vami vyvinutého detekéniho systému FITpix Combo?

- Predved'te blokové schéma, ukazujici zapojeni dvou pixelovych detektori do koincidenéniho
systému pro potieby méfeni procesti rozpadt s emisi dvou a vice &astic

- Planujete v této problematice pokratovat? Bylo by to dobré!

Celkoveé je vSak disertaéni prace pomérné systematicky a prehledné napsana s dobrou
formdlni pravou a jazykovou urovni. Vyse uvedené pozitivni hodnocenti totiz nad zde shrnutymi
piipominkami vyrazné prevlada.

Vyjadieni k postupu FeSeni problému, k pouZitym metoddm, ke splnéni stanoveného cile.
Postup prace a pouzité metody feSeni zcela odpovidaji zadani. Splnéni cile je beze zbytku
dokumentovéno funkénim vzorkem a prototypem. Disertant samostatné splnil lohu propojit
polohove citlivou detekei energetickych nabitych &astic se spektrometrii registrovanych &astic do
detekéniho systému, ktery muze byt vyuzivan rovnéZ pro koincidenéni méfeni.

Stanovisko k vysledkiim disertacni prace a pivodniho konkrétniho prinosu predkladatele
disertacni prdace - disertanta. Vysledky uvedené a dokumentované v praci vnimam jako vysledky
samostatné prace disertanta, byt’ je dosdhl v ramci pracovniho kolektivu, ktery se problematikou
pixelovych detektora zabyva. Zadanou tlohu vyvoje detek&niho systému pro piesna polohové i
spektralné citliva méfeni energetickych té€Zkych iontd splnil totiZz inovativné tak, Ze vznikl
komplexni pfenosny detekéni systém, jehoz moznosti piesahuji ramec zadaného tkolu. Z tohoto
pohledu povazuji praci za velmi pfinosnou.

Vyjadieni k publikacim disertanta. Disertant dolozil, Ze béhem svého doktorského studia
byl spoluautorem 10 publikaci, jeZ se tematicky vztahuji pravé k zaddni disertacni prace. Z nich 6
vyslo jako ¢lanky v mezinarodnich impaktovanych a recenzovanych casopisech a 4 byly
pfedneseny na mezinarodnich konferencich. To je nesporné pozitivni vysledek. Nemohu vsak
opomenout, Ze je zadouci, aby vysledky pfedlozené disertaéni prace dokumentujici realizaci
unikatniho spektrometrického detekéniho systému a jeho parametrd byly publikovany v
mezinarodnich Casopisech typu NIMA ¢i IEEE TNS. Jsem si jist, Ze budou pfijaty. Proto
doporucuji, aby v tomto smyslu predkladatel svou praci po obhajobé uzavfel.

Jednoznacné vyjddreni oponenta, zda doporucuje ¢i nedoporucuje disertacni prdci
k obhajobé. Na zakladé predloZzené prace a k tomu vySe uvedenych mych dil¢ich hodnoceni mohu
zavérem konstatovat Ze,

- Ing. Holik pracoval samostatné a systematicky se zdjmem o feSenou problematiku,

- prokazal schopnost samostatné pracovat na védeckovyzkumném tkolu, ktery dovedl veimi
Usp&Sné do zadaného cile a stal se specialistou s vysokou kvalifikaci pro pulsni polohové a
spektralné citlivou detekcei ionizujiciho zafeni,

- a ze diserta¢ni praci hodnotim velmi dobfe, nebot’ disertant své vysledky dovedl az do formy
prototypu detekéniho zafizeni, jehoz funkénost v praci také prokazal.

Proto bez vyhrad doporuéuji, aby disertacni prdce Ing. Michaela Holika byla pFijata k obhajobé
a aby mu byl na zaklad¢ jejiho uspésného prabéhu pfiznan akademicky titul "doktor" (ve zkratce
"Ph.D.") v oboru "Elektronika" na Fakulté elektrotechnické ZCU v Plzni.

Praha, 27. 3. 2016



Oponentsky posudek dizertac¢ni prace Ing. Michaela Holika
,,Precise position sensitive spectroscopy of energetic ions with adapted
pixel device*

Prace se vénuje velmi dulezité soucasné problematice, progresivni detek¢ni
technologii na bazi pixelovych detektori. V Gvodu dizertaéni prace jsou uvedeny
ukoly, které dostal dizertant k feSeni béhem svého doktorského studia. Jedna se o
vyfeSeni vyuziti signalu ze spole¢né elektrody pixelového detektoru pro precizni
jadernou instrumentaci.

Prace je rozdélena celkem na 12 kapitol véetné literatury a seznamu publikaci
doktoranda majici vztah k dané problematice. Prvni dvé kapitoly jsou obecného
charakteru a popisuji interakce ruznych typu zateni (fotony, alfa castice, t&Zké a lehké
nabité ¢&astice) s detektorem a vlastnosti pixelového detektoru s dirazem na
spektroskopické zpracovani signalu ze spole¢né elektrody. Zbyvajici kapitoly (3-10)
tvofi jadro vlastni odborné ¢innosti doktoranda. Kapitola 3 shrnuje dosavadni
technické feSeni pro pouziti signalu ze spoleéné elektrody, analyzuje slabé stranky
ptivodniho feSeni (velmi $patné energetické rozliSeni) a je zde prezentovano nové
komplexni feSeni (spojeni FITPix readout a Spectrig firmware). Kapitola 4 obsahuje
veskeré tdaje vztahujici se k hardware (spektroskopické zpracovani signalu pomoci
piedzesilovate a Flash-ADC; napéjeni; perifernich a dopliikovych ¢ésti; konektori;
chlazeni; elektromagnetického odruseni...). Hlavni kapitola prace je kapitola ¢. 5, kde
je velmi podrobné a nazorné popsan firmware pro FITPix COMBO (napi.
komunikaéni systém, servisni jadro, jadro Spectrigu ¢i FITPixu, monitorovaci jadro).
V dalsi kapitole (¢.6) je popsan aplikacni a obsluZzny systém (napi. COMBO server
DLL, smé&fovani dat, chybova hlaseni, GUI, knihovna pro kontrolu FITPix COMBO
hardware, spektrometricky software). V kapitole 7 jsou shrnuty vysledky testovani
spektroskopické c¢asti (zavislost FWHM na tvarovani signalu a vazbou mezi
pixelovou a spektroskopickou ¢&asti). S 300 pm Si pixelovym detektorem byla
zméfena energetickd spektra alfa zdroju a bylo ziskdno energetické rozliSeni pro
odpor 1IMQ a 100k<2 na tirovni 51 keV a 70 keV. V kapitole 8 jsou uvedeny vysledky
ziskané pfi ovéfovani funkénosti zafizeni pro nékolik experimentalnich konfiguraci
(rychlost &teni framl z pixelového detektoru — 102/s jako maximalni hodnota, 32/s
v Timepix médu a se ¢tenim tvaru pulzu; rychlost ¢teni v zavislosti na po¢tu vzorka
pro pulz; dlouhodobd stalost energetického rozliSeni). Kapitola 9 sumarizuje vysledky
testdl s alfa zdrojem ve vakuu pfi pouziti tenkych folif s 300 pm Si pixelovy detektor
pro prokazani spravné synchronizace operaci mezi pixelovou a spektroskopickou ¢asti
zafizeni. Zaroven jsou v ni uvedeny vysledky energetického rozliseni v zavislosti na
pouzitém bias napéti (60, 120 a 150V) pro 600 um Si pixelovy detektor.

Pii obhajobé bych rad slysel dizertantiv nazor:

1) Jaké energetické rozliSeni by bylo moZné ziskat s oby¢ejnymi Si detektory stejnych
rozmérid jako maji pixelové detektory?



2) Jaka by byla nepfesnost v ureni energie alfa Castic s energii 6 MeV pii pouziti
energetickych kalibraci jednotlivych pixeli? Sta¢i odhad.

Pfednost predlozené dizerta¢ni prace vidim v fedeni ukold doktoranda spojenych
s velmi aktualni problematikou soucasné moderni detekéni technologie. Podle mého
nazoru dizertatni prace splnila beze zbytku pozadovany cil, ktery byl definovan
vuvodni kapitole. Velmi ocenuji charakter dizertaéni prace, kterd v sobé spojuje
vyvoj hardware, vyvoj software (firmware i aplikatni nastroje) i experimentalni
¢innosti. Dizertaéni prace byla provedena v pfimé oboustranné pfinosné spolupraci
mezi FEL ZCU a UTEF CVUT. Vysoce ocenuji, Ze doktorand dotahl feseni aZ do
plné funkéniho zafizeni, které se uplatiiuje i v mezinrodnim vyzkumu. Dale bych rad
podotkl, ze vysledky dosazené v ramci feseni danych ukoli byly opublikovany v 10
publikacich v mezinarodnich €asopisech a na mezinarodnich konferencich.

V zavéru konstatuji, ze na zakladé predlozené dizertaéni prace navrhuji udélit Ing.
Michaelovi Holikovi védecko-akademickou hodnost Ph.D.

R

, Doc. Ing. Ivan Stekl, CSc.v
Ustav technické a experimentalni fyziky CVUT v Praze



