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派遣・滞在の目的

◎背景：次世帯XX線�天文学等に向�けて、現在のCCCCDDを超え

るAAccttiivvee  PPiixxeell  SSeenniioorrの開発競争が進行中。MMPPII、

MMIITT、HHaarrvvaarrdd、PPeennnn--ssttaattee。日本は22000099から参戦。

◎研究題目：SSOOII  技術を用いた新型  XX  線�天文用高速・広

帯域・撮像分光検出器の開発  

◎目的：

  ・日本の素子をMMIITTに持ち込み、共同実験を行う。

  ・アドバイスを受け、技術を習得する。

  ・お互いの情報交換。友達作り。
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  派遣先の紹介：BBoossttoonn//CCaammbbrriiddggee

MMIITT

HHaarrvvaarrdd

RRYYUU  AAppaarrttmmeenntt

・東海岸、MMAA、人口6600万

・NNeeww  EEnnggllaanndd

・RReedd  SSooxx((野球))、PPaattrriioottss      

    ((アメフト))、CCeellttiiccss  ((バスケ))

・大学の街

・冬は寒い
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  派遣先の紹介：MMIITT  KKaavvllii  IInnssttiittuuttee  

◎  FFoouunnddeedd  iinn  11996655,,  ffoorrmmeerrllyy  tthhee  CCeenntteerr  ffoorr  SSppaaccee  RReesseeaarrcchh::

MMIITT  KKaavvllii  IInnssttiittuuttee  ffoorr  AAssttrroopphhyyssiiccss  aanndd  SSppaaccee  RReesseeaarrcchh  ((MMKKII))    

◎  IInntteerrddeeppaarrttmmeennttaall  cceenntteerr  tthhaatt  ssuuppppoorrttss  rreesseeaarrcchh  iinn  ssppaaccee  

sscciieennccee  aanndd  eennggiinneeeerriinngg,,  aassttrroonnoommyy  aanndd  aassttrroopphhyyssiiccss..  

◎  DDeessiiggnn,,  ccoonnssttrruuccttiioonn  aanndd  uuttiilliizzaattiioonn  ooff  iinnssttrruummeennttss  ppllaacceedd  

aabbooaarrdd  ssppaaccee  vveehhiicclleess  llaauunncchheedd  bbyy  NNAASSAA  oorr  ootthheerr  aaggeenncciieess..

Bruno B. Rossi (1905-1993)
MMIITTのXX線�天文関係の実績

・XX線�天文創始者の一人RRoossssiiが居た所。

・最初に発見されたXX線�ソースSSccoorrppiiuuss  

XX11のロケット実験((11996622))を行った所。

・AASSCCAA、CChhaannddrraa、SSuuzzaakkuu衛星の

XX線�CCCCDDを作った所。

・XX線�AAPPSSの開発をリードしている所。

12年2月14日火曜日
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準備とスケジュール

22001111年44--55月：HHoosstt  ((MMaarrkk..BB))にコンタクト。

22001111年66月：BBIIEEPP申請書類の作成、提出、採択。

22001111年88月：  MMIITTへ書類申請、DDSS22001199取得。

22001111年99月：実験器具の発注と準備。VVIISSAAの申請、

面接＠領事館。

22001111年1100月：カルネ申請、荷物発送。家探し。

22001111年1100//2233--2288：  スペイン出張。財布落とし＠パリ

22001111年1111月11日--1122月2288日：渡航、滞在。

220011２年11月66日：報告書提出

12年2月14日火曜日



トラブル１::  アメリカにうまく入�国できない

入�国時＠DDCC：VVIISSAAの他にDDSS22001199  

オリジナルを要求されたが、持ってい

なかったので、、

◎  BB扱いで22時間審査の後に、在

留期限が11月間限定で入�国を許可。

◎飛行機乗り継ぎに失敗。BBoossttoonn到

着2200時すぎ((予定より４時間遅れ))。

◎不動屋さんに会えず、ひとりでア

パート探索、何とか突入�成功。

DDSS22001199
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SSOOIIPPIIXXとその開発現状

X-ray SOIPIX with Active Shield

Onboard Processor
 ● Anti-coincidence (NXB rejection)
 ● Hit-pattern Selection (NXB rejection)
 ● Direct Pixel Access (X-ray Readout)
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◎開発開始から３年。基本的な機能、最終目標の実現可能性を確認((第一段階))。

◎次の段階：競争に勝ものにする。検出器の性質・特長をよく理解し、活かす。

  ・低エネルギーXX線�の応答((  表・裏面照射))  、量子効率。

  ・ピクセル間の信号干渉  ((クロストーク))、電荷の拡散、集取、損失。

  ・暗電流、ノイズの特性。
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実験のセットアップ((11))
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実験のセットアップ((22))
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トラブル22：荷物が届かない

MIT (11/8)

(1)
(2)

(3)

(4)

80 cm

Kyoto (10/20)

？

？

◎  最初の一週間は荷物を探す((不安な))日々だった。

◎  業者さんが住所を間違えらしい。
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一緒に実験する人、交流、進め方

◎  親切、友好、プロ、スピーディー、リッラクス。

◎  口数少ない((仕事))、沢山しゃべる((プライベート話))

◎  挨拶をよくする。ジョークをよく言う。

◎  来るのと帰るのは早い。

◎  基本的に一人で実験、ちょくちょく見に来られる。
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実験結果：低エネルギーXX線�の応答((11))
Target= Al2O3 , Front-I,  Back-I, V_tube=6 kV,
V_bais = 100V, Temp=–50ºC,  Hit Threshold= 2 ADU, Exposure=400 sec, PIX=R10C10, 2us_sample, 300 µs_ave
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実験結果：低エネルギーXX線�の応答((22))
Target=Mg,  FI, V_bais_back = 100V, Temp=–50ºC,   PIX=R5C5, 1us_sample, 100 Ave, CHIP#5, XR1-subB
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実験結果：ゲイン分布の測定

３ｘ３ピクセル　のスペクトル((鉄ターゲット))
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実験結果：クロストークの測定
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This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

4 IEEE TRANSACTIONS ON ELECTRON DEVICES

Fig. 5. Averaged signal time profiles in three adjacent pixels corresponding to an X-ray event in the center pixel. Note the different vertical scale for the pixels
on the sides.

A popular method to measure this crosstalk is pixel correlation
analysis [9]–[11]. This involves a complex mathematical treat-
ment and, importantly, assumes symmetrical crosstalk to the
left and to the right. We found that the latter assumption is not
valid in our sensor. X-ray detection is a direct and precise way
to study interpixel interaction, because in this case, a known
quantity of signal charge is instantaneously deposited in a pixel.
The reactions of that pixel and the adjacent ones to this stimulus
can provide the desired parameters.

To measure interpixel crosstalk, we employed a mode that
is very similar to the one described in the previous section for
single-pixel testing but extended it to include multiple pixels.
Four pixels in the same row were held in reset, and then each of
them was read out one after another. The cycle of reading out
four sequential pixels was repeated 130 times without resetting
any of them. The device was illuminated by an Fe55 source.
For each of the four pixels, X-ray events were selected based
on threshold crossing criterion, and then, to determine the
amplitude, we applied the same algorithm that was developed
for single-pixel event processing. As explained in Section III-A,
this leads to very significant reduction of noise. For each of the
four pixels, a signal histogram that is similar to the one shown
in Fig. 4 was made.

One of the mechanisms that can certainly produce crosstalk
is charge splitting between adjacent pixels in the photodiode
due to carrier diffusion. This occurs when a cloud of photo-
generated signal carriers is formed near a pixel boundary or
in undepleted portions of the photodiode. We clearly detect
charge splitting (most of the events in the low-energy tail below
the peak in Fig. 4 are due to charge diffusion losses), but in
order to measure interpixel capacitance, we need to exclude
charge diffusion effects. To do this, only events with amplitudes
that are above the centroid of the peak in the histogram were
considered. Such events must be single-pixel events for which
signal charge is fully collected, since, otherwise, they would
have lower amplitude. For all the events thus selected, an
average event time profile was constructed by shifting the times
of all the X-ray hits in a given pixel to the same artificial zero
time point and then averaging signal values at each sampling
time. The result for the second of the four pixels is shown in
Fig. 5 in the middle panel. Since signal values in adjacent pixels
were recorded (with one sample time shift), it is easy to trace
the average signal amplitude there also. The corresponding
plots are shown for the left and the right pixels in the same
figure. The signal in the adjacent pixels jumps at the time of the
photon arrival in the center pixel, clearly indicating crosstalk.

The crosstalk signal is very different in the left and right pixels.
On the left side, the level of crosstalk is very small (only
0.85%), while on the right, it is 8.8%. We verified this result by
reversing the addressing sequence and reading columns in the
opposite direction. This did not affect the observed asymmetry.
One conclusion from the nonsymmetrical reaction to a given
stimulus is that, unlike in the Teledyne devices [9], the crosstalk
in our structure cannot originate in the photodiode, because
the diode structure is perfectly symmetrical. Neither can it
come from the capacitance between the adjacent tungsten plugs
that connect photodiode with the SOI readout; such capacitive
crosstalk would be identical on both sides.

Our analysis of the pixel layout led us to a conclusion that the
relatively large crosstalk on the right side can be explained by
the capacitance between the output of the first source follower
and the sense node of the adjacent pixel. The large capacitor C1

is located on the right-hand side of the pixel, close to the sense
node of the pixel on the right and far from the sense node on
the left. Thus, the signal on the sense node raises the voltage at
the outputs of the pixel source followers, and that rise, through
capacitive coupling, causes voltage change on the floating sense
node of the adjacent pixel on the side that is nearby. The output
of source follower on the left-hand side is not affected (in spite
of the capacitive coupling) because its potential is not floating;
it is defined by the voltage at its input connected to the relatively
remote sense node on the left.

Since the sense-node capacitance is known (see the previous
section), it is not hard to calculate the cross-coupling capac-
itance from the corresponding capacitive divider. Its value is
2.1 fF. This can be substantially reduced with certain changes in
pixel layout that are under consideration for the next-generation
design.

C. Sense-Node Capacitance

The sense-node capacitance includes two components con-
nected in parallel: the input capacitance of the readout circuit
and the capacitance of the charge-collecting photodiode. The
capacitance of the photodiode is a strong function of the voltage
applied to the p-n junction, while the circuit capacitance is
decoupled from it (see pixel schematic shown in Fig. 1). This
presents an interesting opportunity to separate the contribution
of these components by varying the voltage applied to the
photodiode. The result of such measurement is shown in Fig. 6.
Each experimental point on this plot was produced by acquiring
substantial amount of data at a given voltage applied to the

Authorized licensed use limited to: MIT Libraries. Downloaded on October 2, 2009 at 14:52 from IEEE Xplore.  Restrictions apply. 

MMIITT  AAPPSS22

３ｘ３ピクセルのEEvveennttのWWaavveeffoorrmm  
((鉄ターゲット))

XXRRPPIIXX11bb
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実験結果：電荷拡散、損失  wwiitthh  FFee5555

FFee5555のBBIIスペクトル  ((XXRR11bb))
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住まい＠BBoossttoonn

◎エイブルボストンの支店に紹介((日本語可、対応早い))

◎短期アパート、家賃超高い==$$11990000//mmoonntthh、設備完備、便利

外観 室内

12年2月14日火曜日



食事＠BBoossttoonn

◎  オール外食に徹した。割りと安い((円高の影響))。

◎  33kkgg痩せました  ((6677-->>6633..55  kkgg-->>6655kkgg))。炭水化物が無いから？

◎  いろんな国の  ((正統な))  料理屋があった。

12年2月14日火曜日



課外活動、エンタメ＠BBoossttoonn

◎皆スポーツをやる：アイスホッケ、バスケ、テニス

◎大学のジムの設備がいい、ただで使かえる。

◎日本人多い((日本人会==SSuusshhiiss))。イベントが多い。

◎映画館(($$1100//回))、劇場が多い。

◎  HHoolliiddaayy、  休みも相対的に多い。

学生試合
12年2月14日火曜日



まとめ、今後の予定、感想

◎７割((研究&&生活))くらいやりたいことができた。

◎  SSOOIIコラボが継続できそう。

◎  実験結果を共著の投稿論文にする。

◎  英語が聞き取れても「英語」がわからない。

◎  海外//日本の良い//悪いところが見えてくる。

◎  いろいろ刺激を受けた。

外にいることで初めて
「自分・日本」が分かる

12年2月14日火曜日


