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◘Ⱪ♫ⱡ Si- APDⱧ◒☿ꜟ X ⌐╟╢♫ⱡ Ɽꜟ☻  

◄Ⱡꜟ◑כ ה        
             

◦ꜞ◖fiה▪Ᵽꜝfi◦▼הⱨ◊♩♄▬○כ♪

Si-APD │ ☿fi◘כ≤⇔≡ ⌂≥ ⌂≤

↓╤≢ ↕╣≡™╢⁹ ≢│ 1990

⅛╠X ≤⇔≡╙ ╦╣≡⅝√⁹X

⅜ ⇔≡ ─ ≢ ∂√ -

─℮∟⁸◦ꜞ◖fi─ │ ╩ Ᵽ▬▪☻ ─

⌐╟∫≡ ™ ≢ ⇔⁸ ⌐╟∫≡

≢ ∆╢⁹↓╣⅜ ─ⱨ◊♩♄▬

≥♪כ○ ⌂╢ ≢№╢⁹ ─ │ 10 ⅛

╠ 100 ─ ⅝↕╕≢⁸Ⱨ◖ ≢כ♄כ○ ╦╣

╢⁹ Ɽꜟ☻╩ ⌐ ∆╢ Ɽꜟ☻

╩ ℮≤⁸1 ─X ⌐╟╢♫ⱡ

─ Ɽꜟ☻╩ ╡ ∆↓≤⅜≢⅝╢⁹↓─ Ɽ

ꜟ☻╩ ⅎ┌⁸♫ⱡ ≢כ♄כ○ ∆╢ ⅛

╠─ ╩ ⌐╟∫≡ ⅛╠

⇔≡⁸◘Ⱪ♫ⱡ ≢ ╡ ∆↓≤⅜≢⅝

╢⁹∕─√╘ X ⌐╟╢ ⌐⅔

™≡⁸Si-APD│ ⌂ ≤⌂∫≡™╢[1] ⁹

⁸ ◄Ⱡꜟ◑כ ╛ PET

≢╟ↄ ╦╣╢╟℮⌐⌂∫√

Si-PM╛MPPC╙ │APD≢№╢⁹√∞⇔⁸↓∟╠│

⅜105⅛╠106≢ ↕∑╢[2] ⁹

≥APD♪כ⸗כ●▬●≡∫╠⌂⌐ ┌╣╢↓≤╙№

╢⁹ ╩Ⱶꜞ◘▬☼─ ⌐ ⅝

ⅎ╢╙─≤⇔≡ ↕╣╢⅜⁸ ⅜ ⅝™

─ ╩ ⅎ≡™╢⁹ Ɽꜟ☻ ⅜ 100kHz

⁸ ─ ≢ ⌐ ╩ ↕∑╢

√╘ Ɽꜟ☻─ ⅜ 10 ♫ⱡ ⌐⌂╢

↓≤≢№╢⁹ ⁸↓↓≢ ═╢Si-APD כ⸗

♪Si-APD│⁸ ─ ⅜ ╘≡ ↄ⁸♫ⱡ

≢ ∆╢√╘ ─ ™Ɽꜟ☻

⅜ ╛∆™ ⅜№╢⁹∕─√╘♫ⱡ ─ Ɽ

ꜟ☻│108 s-1╩ ⅎ╢ ™ ╩ ≢⅝╢─≢⁸

100 ⌐1 ─ ≤ ╦∑⁸X ─♄

▬♫Ⱶ♇◒꜠fi☺│10 ⌐ ┬[3] ⁹X

╛ ⌂≥X ─♄▬♫Ⱶ♇◒꜠fi☺╩

≤∆╢ ≢─ ה ⌐╙

⌐ ≈[4] ⁹↕╠⌐⁸2♫ⱡ ─ X Ɽꜟ

☻╩ ∆╢Si-APD ⌂╠⁸ X Ɽꜟ☻≤

∂ ≢ ⅛╠ ה ↕╣╢X

╩ ⇔≡♫ⱡ ╙ ⌐⌂╢∞╤℮⁹

Si-APD╩Ⱨ◒☿ꜟ ⇔√◘Ⱪ♫ⱡ Ⱨ

◒☿ꜟ▪꜠▬ ⌂╠┌⁸♫ⱡ ≢ ∆╢

Ɽꜟ☻⌐╟╢X ╩Ⱨ◒☿ꜟ↔≤⌐

⇔⁸ ─ ≤ ⌂ ╩

⌐ ⌐ ≢⅝╢│∏≢№╢⁹ 

₁│⁸↓─╟℮⌂ ≢Si-APDⱧ◒☿ꜟ▪꜠▬

─ ⌐ ⇔√⁹√∞⁸Ⱨ◒☿ꜟ ╩

∆╢↓≤│ ≢│⌂⅛∫√⁹ ─ ⅝⌂

│ ─3≈≢№╢⁹ 

Si-APDⱧ◒☿ꜟ▪꜠▬─  

Si-APDⱧ◒☿ꜟ⅛╠─ Ɽꜟ☻ ╩ ∆

╢ Ɽꜟ☻ ─  

ↄ─Ⱨ◒☿ꜟ⅛╠ Ɽꜟ☻ ╩ ≢

∆╢◦☻♥ⱶ─  
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⌐≈™≡│⁸64 ─ꜞ♬▪ 1 ▪꜠

▬╩╕∏ ∆╢↓≤≤⇔√⁹∕─ ╩ ⌐

∆⁹ ☿fi◘כ≤⇔≡ ↕╣≡™√Si-APD╩⁸

1990 ⅛╠X ≤⇔≡ ∆╢

⌐ ∂≡™√∞™≡⅝√ ⱱ♩♬◒☻⌐ ╙

╩ ⇔√⁹⸗ⱡꜞ◦♇◒≢Ⱨ◒☿ꜟ▪꜠▬╩

∆╢≤⅝⌐ ⌐⌂╢─│Si-APD─ ↕ ─

∞↑≢⌂ↄ⁸ ─ ⅝↕≤Ⱨ◒☿ꜟ

─◑ꜗ♇ⱪ╩≥↓╕≢ ↄ≢⅝╢⅛⌐№╢⁹ ₁

│ ╩ ⇔≡ ↕⅜10 µm⌐

↕╣√S5343 ╩ ⇔√⁹APD≢ ╩

∆╢ ⁸ - ⅜ ∂╢ ─ ⅜

⌐ ∆╢√╘⁸ ─

↕⅜ ™╒≥ │╟ↄ⌂╢⁹ ↕10 µm│

⁸FWHM100 ps⌐ ∆╢⁹

Ⱨ◒☿ꜟ◘▬☼│100×200 µm⁸64 ⅜100 µm

⌐ ∆╢ꜞ♬▪▪꜠▬╩ ⇔√⁹Ⱨ◒☿ꜟ

─◑ꜗ♇ⱪ│50 µm≢ ─ ↕│9.6 mm≢№╢⁹

Ⱨ◒☿ꜟ ─ ⅜ ™≤ ⌐ ◒כꜞ

⅜ ∆╢ ╣⅜№╡⁸ Ⱨ◒☿ꜟ≢ ⌂

╩ ╢⌐│ ─ ⌐ ⅜№╢⁹↓─▪꜠

▬≢│ ⌂ ╩ ⇔√⁹ 

 ⌐≈™≡⁸0.8 µm BiCMOSⱪ꜡☿☻⌐╟╢

ASIC Application Specifi c IC ─ ⌐╟╡⁸

≢1♫ⱡ ─ Ɽꜟ☻╩ ≡108 s-1

⌐ ┬ ╩ ╢√╘─ Ɽꜟ☻ ╩

⇔√[5] ⁹KEK ⱶ♥☻◦ה☻◒♬꜡♩◒꜠◄

─≥ⱪכꜟ◓ ≢№╢⁹ASIC▪fiⱪ ⌐

™ ⌐ ∂╢ⱬכ☻ꜝ▬fi◦ⱨ♩╩ ∆╢

╩ ⇔⁸♅ꜗfiⱠꜟ№√╡2 ─T-ⱨꜞ♇ⱪ

ⱨ꜡♇ⱪ⌐╟╡ 250 MHz─ Ɽꜟ☻ ╩

≤⇔≡™╢⁹◖fiⱤ꜠כ♃─ │ASIC ⅛╠

DAC╩ ⇔≡ ⅎ╢⁹4 mm ◘▬☼─♅♇ⱪ⌐4♅

ꜗfiⱠꜟ─ ⅜ ╘╠╣≡™╢ 2 ⁹ 

⌐≈™≡│ MCS Multi Channel Scaler ╩

FPGA Field  Programmable Gate Array ⌐╟∫≡

⇔√⁹↓╣│⁸№╢ dwell  time ─

(t ime bin ↔≤⌐ⱷ⸗ꜞ╩ ═≡⅔⅝⁸

כ●ꜞ♩─ ╩ ↑≡⅛╠ ⁸Ɽꜟ☻ ╩

↑ ↑≡Ɽꜟ☻─♃▬Ⱶfi◓╩ ∆╢⁹ ⇔

√ ⅜ כ●ꜞ♩⁸≢╕╢∆ ⅜ ╢√

┘⌐Ɽꜟ☻ ─♃▬Ⱶfi◓ ╩ ╡ ∆ ╖

כ●ꜞ♩⁸╡╟⌐╣↓⁹╢№≢ ♃▬Ⱶfi◓╩

≤⇔≡ ⇔√™Ɽꜟ☻─♃▬Ⱶfi◓⌐ ∂√⁸

№╢ ─ ☻Ɑ◒♩ꜟ⅜ ↕╣╢⁹

⇔≡ ≢⅝╢ ─ │ ↕╣╢⅜

─ │⌂ↄ │ ≢№╢⁹

⌐ ∆╢Ɽꜟ☻╙ ─ⱷ⸗ꜞ⌐ ↕╣ ⅎ

≤↕⌂™╟℮⌐⌂∫≡™╢⁹ ₁│

1.0 ns⁸ ⅜ ⌂ ⱷ⸗ꜞ 1024

⌐ ™≡⁸ 0.5 ns⁸ 2048─MCS

◦☻♥ⱶ─ ⌐ ⇔√⁹∕─ ─

╩ 3⌐ ∆⁹FPGA⌐╟∫≡MCS◦☻♥ⱶ╩ ∆

╢↓≤⌐≈™≡│ Open- It ⌐ ∆╢Ⱡ♇

♩꞉[6]◒כ ⅔⌐Bee Beans Technology פֿ≥

⌐⌂∫√⁹ 

2  ASIC 4 /4  mm  

4 mm

4 mm

 
 64 Si-APD ( )

( )  

9.6 mm

200 mm

100 mm150 mm
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4  64 Si-APD X  

 

260 mm

260 mm

60 mm

16 ASD-ASICs

64ch Si-APD

Linear-array

FPGA
(XC7K355T-3FFG901C)

SiTCP

─64♅ꜗfiⱠꜟהⱧ◒☿ꜟ▪꜠▬⁸ASIC⌐

╟╢ⱨ꜡fi♩◄fi♪ ⁸FPGA⌐╟╢MCS◦☻♥ⱶ

⅜1 ─ Ⱳכ♪ ⌐ ↕╣√ ◦☻♥ⱶ

─ ╩ 4⌐ ∆⁹Si-APDꜞ ♬▪▪꜠▬─Ⱨ◒☿

ꜟ↔≤⁸ ─ │◑●ⱦ♇♩כ▬ה◘Ⱡ♇

♩╩ ⇔≡ Ⱳכ♪ ─SiTCP TCP/IP⌐╟╢▬

♩♇Ⱡ◘כ Ɫכ♪►▼▪[ 7] ⌐╟∫≡

↕╣꞉כ♥☻◒כ◦ꜛfi⌐ ╠╣╢⁹ ⌐ ⌐

╟╡ ↕╣√ Si-APDꜞ ♬▪▪꜠▬ ◦

☻♥ⱶ⌐╟╢ ╩ ∆╢⁹ ─ │

≢№╢⁹↓─ ─ │⁸

─◄Ⱡꜟ◑כ╩ ─ ═√™

⌐ ╦∑⁸ Ɽꜟ☻⌐╟∫≡ ⁸∕─

⁸ ─ ⌐ ∫≡ ╣≡ ↕

╣╢ ɘ ╩ ≢ ∆╢⁹

≤ ┌╣╢ ≢│ ⌐ ↕╣╢

⅛╠─ɘ ─₈ ⱦ₉♩כ≤ ┌╣╢

╩ ⌐╟╡ ∆╢⁹ ╡─

⌐╟∫≡ ⅜ ⌂◄Ⱡꜟ◑כ ⌐

µeV ⁸∕╣╠─ ⅛╠ ∆╢⁸◄Ⱡꜟ

⌐⅛∏╦⅜כ◑ ⌂╢ ─ɘ ⅜ ∆╢↓≤⌐

╟∫≡ ⌐╟╢ ─ ⁸₈℮⌂╡₉⅜ ∂╢⁹ ₁

│MCS─ :1 ns⁸ 1024─◦☻♥

ⱶ⁸ FWHM1.4 ns─ ≢⁸ 57

◄Ⱡꜟ◑כ 14.413 keV⁸ 98 ns ─

⌐╟╢ ╩ ⇔√⁹ │

ⱦכⱶꜝ▬fiSPring-8 BL09XU⌐≡ ∫√⁹

◄Ⱡꜟ◑כ ⸗ⱡ◒꜡ⱷכ♃╩ ∫≡ 14.41 

keV─ ⱦכⱶ╩◄Ⱡꜟ◑כ FWHM2.5 meV

╕≢ ╡ ╪∞⁹ ↕4 µm─ɖ-Fe Fe-57 90%

⌐ ⁸ ╩ ∆╢ ≤

⌂⇔─ ⌐≈™≡ ☻Ɑ◒♩ꜟ╩

⇔√⁹↓─≤⅝ ╩ⱦכⱶ ⌐ ⇔≡

12°⌐ ↑╢↓≤⌐╟╡ Si-APDꜞ ♬▪▪꜠▬⌐╟

╢ ╩30 µm ╕≢ ↕∑≡ ╩

∫√⁹∕─ ⁸ ⌂⇔─ ⌐ ─

─ ⅝⅜ ↔≤⌐ ⌂╢↓≤╩ ⇔√

☻Ɑ◒♩ꜟ╩ ╢↓≤⌐ ⇔√[ 8]⁹∕─≤⅝─

╩ 5⌐ ∆⁹ ─☻Ɑ◒♩ꜟ╩Si-APDꜞ ♬▪

 

Trigger signal

timeDT: 0.5 ns

1024 ns

2048 bins

1024 ns

2048 bins

Counting of input pulses

MCS

 

3  MCS

ȹT:0.5 ns

2048

 

 
5  
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▪꜠▬─Ⱨ◒☿ꜟ↔≤⌐ ═╢≤⁸ ⌂╢

╩ ≈ ☻Ɑ◒♩ꜟ≤⌂∫≡™╢↓≤⅜╦⅛∫√⁹

↓╣│ ─ ─ ⌐ ⇔≡

─ 10 µm○כ♄כ─ ⅝↕≤ ⅎ╠╣╢

─ ─ ⅝⌐╟╡⁸ ↕╣╢ɘ ⅜

╕╡ ⱦכ♩─ ⅜ ⌂╢√╘≤ ⅎ╠╣√⁹

⅜ ≤ ─ ╩ ⇔√⸗♦ꜟ⌐

≠™≡ ☻Ɑ◒♩ꜟ─♦כ♃╩ⱨ▫♇♥▫fi◓⇔

√ ╩ 6⌐ ∆⁹ꜞ ♬▪▪꜠▬─Ⱨ◒☿ꜟno.23

│ ⅜ ─ ⁸no.27 ─ │ ⌂ ⌐

↕╣╢⁹↓─╟℮⌐ ◦☻♥ⱶ╩ ∫≡

≤ ╩ ↕∑≡

╩ ℮≤⁸ ─ ─ ™⌐╟∫≡

─ ⌂╢ ⌂≥╩ ─ ≢ ╠⅛⌐≢⅝

╢≤ ∆↓≤⅜≢⅝√⁹ꜞ♬▪▪꜠▬╩ ∆╣┌

⁸2 ╙ ≢⅝╢⁹ 

 

╙⇔2 ns↔≤─ Ɽꜟ☻╩ ⇔≡ ⅛╠

↕╣╢ ╩ ≤⇔≡ ≢ ≢⅝╢

≢≤⌂כ◙כ꜠⁸≥ ⌐ ╩ ⅎ√ ─♫ⱡ

─כ♄כ○ ⌂≥╩ ─ ꜞfi◓─

♪כ⸗ ⱴꜟ♅Ᵽfi♅⸗כ♪ ╩ ∫≡√™┼╪

╟ↄ ≢⅝╢⁹ ₁⅜ ⇔≡⅝√ Si-APD

ꜞ♬▪▪꜠▬ ◦☻♥ⱶ│ 0.5 

ns─MCS⌐╟∫≡⁸↓╣╩ ≢⅝╢╙─≤⌂∫√

[ 9]⁹PFꜞ fi◓─ⱦכⱶꜝ▬fiBL-14A⌐≡ⱴꜟ♅Ᵽ

fi♅≤◦fi◓ꜟⱣfi♅⅜ ∆╢Ɫ▬Ⱪꜞ♇♪⸗כ

♪ ≢ ╩ ⇔√⁹ ◄Ⱡꜟ◑כ│ 14.41 

keV⁸0.1 mm ⱦכⱶ≤⇔≡Ⱨ◒☿ꜟno.31 ⌐

⇔≡ √ ☻Ɑ◒♩ꜟ╩ 7⌐ ∆⁹ 7(a)╟╡⁸

◦fi◓ꜟⱣfi♅≢ ⇔√ (FWHM)│ 0.5

±0.1 ns⁸ 7(b)╟╡⁸ⱴꜟ♅Ᵽfi♅ ─☻Ɑ◒

♩ꜟ≢│2 ns ─ Ⱨכ◒⅜╒╓ ⌐ ↕

╣≡™╢↓≤⅜╦⅛╢⁹ 

⁸Ⱨ◒☿ꜟ◘▬☼100×200 µm⅔╟┘100×400 

µm─ 128 Ⱨ◒☿ꜟ─ꜞ♬▪▪꜠▬╩ ⇔

19.2 mm≤⌂∫√◦☻♥ⱶ─♥☻♩╩ ∫≡™╢⁹

Ⱨ◒☿ꜟ ╩ ⇔√↓≤⌐ ╦∑⁸4 ─◘ⱩⱲ

⌐♪כ ╩ ⇔≡ ∆╢╙─≤⇔≡™╢⁹64

 

6  no.23 no.27

X h

Hint  

 

0 20 40 60 80

no. 23 h
s
  ̂H

int

h
s
 ££ H

int

In
te

n
si

ty
 (

a
.u

.)

Time (ns)

no. 27

 

 

7  PF

(a) 

FWHM 0.5 ns (b) 2 ns

X  
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Ⱨ◒☿ꜟ─◦☻♥ⱶ≤ ╦∑≡⁸ ⁸0.5 ns

╩ ⅛⇔√ ▬ⱷכ☺fi◓ ╛

⌂≥┼─ ╩ ╘╢⁹

◦☻♥ⱶ─ ≤⇔≡ ⁸ ─ ╩

Si-APD ↕╩30 µm≤∆╢ ─ ⁸⅔╟┘

◦fi♅꜠כ♃≤─ ╖ ╦∑⌐╟╡ ⇔√™⁹

╩ ⅝ →╢⌐│Ⱨ◒☿ꜟ ─◑ꜗ♇ⱪ╩

10 µm ⌐ ╘╢↓≤⅜ ⌐⌂╢⁹

╩ ⅎ⌂⅜╠ ⌐ ∆╢℮ⅎ≢♦כ♃

╩ ∆╢↓≤╙ ≢⁸10 Gbps▬כ◘Ⱡ♇♩⅔

╟┘SiTCP─ ╩ ⅞√™⁹↓╣╠─ ╩

⇔⌂⅜╠1000Ⱨ◒☿ꜟ ─2 Si-APDⱧ◒☿

╩ⱶ♥☻◦ה▬꜠▪ꜟ ⌐ ⇔√™≤ ⅎ≡

™╢⁹ 

│⁸KEK ה ⁸

ה ⁸◄꜠◒♩꜡♬◒☻ ≢│KEK

⅔╟┘ Open- It Ⱡ♇♩꞉כ◒ ─

ⱶ♥☻◦ה☻◒♬꜡♩◒꜠◄╠ ⱪכꜟ◓

≤─ ≢№╢⁹╕√ │⁸KEK

ⱪ꜡☺▼◒♩₈FPIX₉≤⇔≡ FY2009 2013⁸

ה A :JP25246040─ ╩ ↑≡

↕╣√⁹ 
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ASTRO-H  SXS (Soft X - ray Spectrometer) ─ ─ ≤  

JAXA   

 

1.   

Chandra (

http://apod.nasa.gov/apod/ap020824.html) 

1984

GSPC (6 keV 500eV )

1993 CCD ( 120 

eV @ 6 keV) 

Chandra XMM 

Newton

 ( ₩  eV ) 

2 keV

10 keV

10 eV

 

1 (a))

5 500 100 

mK  1 pJ/K

1 keV

0.1 mK

0.5 5 eV

 

 

 

1: (a) SXS (b)- (g) 

http://apod.nasa.gov/apod/ap020824.html
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2. SXS  

 (XRS) 2005

7 eV

XRS

 systems 

engineering 

XRS ASTRO-H SXS

2008

XRS

 

SXS 2 SXS

11

400 kg

600 W

SXS

SXS

SXS

 

 

.  SXS  

2 SXS JAXA

NASA SRON

2007 1

XRS

Engineering 

Model (EM) 

EM  

(FM) 

FM

 

2: SXS X Dewar

X
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( 3)

 

1 (b)- (g) 

⁸ Dewar ( 1(f))⁸ 2

(ADR 50 mK⁸ 0.4 K)

 (1.3 ) (JT)  (4 K) 2

 (20 K⁸ 100 K) 

3

20 K/100 K

2 JT

2

2  

EM (2012 3)

2008

(a) 

(b) (c) 

(b)

30

MOOG/CSA

FM Dewar

Dewar

 (lauch- lock mechanism) 

bumper

bumper

(Coupled Load Analysis = CLA) 

FM Dewar

FM Dewar

 

3: SXS X  
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MOOG/CSA

JAXA

 

 

4.  

SXS 2015 4

deliver 35

2016 2 17

4

10

50 mK

 porous plug

35 

730 

 

4  

7 2 24

Dewar

Gate Valve Gate Valve Be

 ( 5)

 

eROSITA

(z)

 

 

4:.SXS
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5.  

SXS 3 18 SXS

first light 

Gate valve

Gate 

valve

(1) 

(2) 

(3) Dewar

(1) (2) 

(2) 

14

 

5: SXS  (X X ) 

SXS X Gate Valve Be 3keV X
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3 29 gate 

valve

3 26

 

1 SXS top level 

(a) Gate 

valve

(b) 

 MXS (Modulated X-ray 

Source) MXS

(c) micrometroid 

(d) 

 

 

 

6.  

SXS

SXS

 

SXS grasp ( )

 ( 1.7 )

 (z < 0.1) 

(ESA) 2028

Athena  X-IFU >3000

SXS 1000 grasp 5

z 2

Athena

 

 1 SXS Top- level requirements  

 Contingency Requirement Goal  

Energy range =right  0.3 - 12 keV =left  

Energy resolution@5.9keV  7 eV 4 eV 4.9 eV 

Array format   6 x 6  6 x 6 

Field of view  ςȢωȭ x ςȢωȭ ɉσȢπυȭ x σȢπυȭɊɕ σȢπυȭ x σȢπυȭ 

Effective area at 1 keV  160 cm2 (215 cm2)*   

 at 6 keV  210 cm2 (247 cm2)*   

Angular resolution (HPD)  ρȢχȭ ρȢσȭ  

Mission Lifetime 9 months# 3 years 5 years  

Time assign accuracy (rel./abs.)   80 µs/10ms  33µs/100µs 

Max count rate  150 c/s/array   155 c/s/array  

Energy scale cal. accuracy  2 eV 1 eV  

Energy spread func. cal. accuracy  2 eV 1 eV  
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>3000  

TES (Transition Edge Sensor) 

 TES (Transition Edge Sensor) 

10

 

 

SXS

SXS  

⁸ ⁸ ⁸ ⁸ 

 (ISAS/JAXA)⁸ ⁸ ⁸ 

⁸  (ADR/JAXA)⁸  (

)⁸ ⁸ ⁸ ⁸ 

⁸  ( )⁸ ⁸  (

)⁸ ⁸  ( )⁸  (

)⁸  ( )⁸  (

)⁸  ( )⁸  ( )⁸ 

 ( )⁸  ( )⁸ 

 ( )⁸  ( )⁸  

R. L. Kelley⁸ C. A. Kilbourne⁸ F. S. Porter⁸ K. R. 

Boyce⁸ G. A. Sneiderman⁸ M. J. DiPirro⁸ P. J. Shirron⁸ 

T. Bialas⁸ M. Eckart⁸ M. Chiao⁸ M. Leutenegger⁸ T. 

Watanabe⁸ K. Sakai (NASA/GSFC)⁸ G. Brown (LLNL)⁸ 

D. McCammon (Wisconsin)⁸ A. Szymkowiak (Yale

)⁸ J.-W. den  

Herder⁸ D. Haas⁸ C. de Vries⁸ E. Costantini⁸ H. 

Akamatsu (SRON)⁸ S. Paltani⁸ M. Pohl (Geneva )  

 

 (SXS 

 

SXS

SXS

 

 

(ADR GLF )  

   (ADR

GLF )

 

  (SXS PSP )

ISAS/JAXA ARD/JAXA  

) MOOG/CSA (
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 (3 26 ) 

 

 2 ( (SXT)

(HXT)) 4 (

(SXS) (SXI)

(HXI) (SGD)) [1]

SXT -  SXI( ) HXT1-HXI1( )

G21.5-0.9

 

SXT-SXI

50% (Half power diameter)

1.3 HXT1-HXI1 1.7

[3][4] SXS

4₩5

 [5]

CCD 30

 

 SPIE SXS

( )

( 2) 5000

Nature

SXS 10 km/s

[6]

 

 

1: X G21.5-0.9 

X [2], X

[3] HXI1,2

 

 

2: SXS

X [6] X

CCD  (XIS)

 

	

EXTENDED	DATA	

	

Fig	E1.	SXS	spectrum	of	the	full	field	overlaid	with	CCD	spectrum	of		
the	same	region	observed	by	Suzaku	XIS	(red	line).	The	difference	in	
the	continuum	slope	is	due	to	differences	in	the	effective	areas	of	the	
instruments.	
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Critical-angle X- ray transmission (CAT) grating 

spectrometer [7]

Chandra CCD

(R=E/ E) 1000

R 

> 3000 CAT

Al Ka

doublet 18 R > 

10000 CAT  

 CAT

CAT 3 d

b p

l m

a bm

 

       a sin bm 

bm=a  (a < qc)

enhance

m

 

 Heilmann Silicon-on- insulator 

(SOI)  wafer {1

1 1} CAT

 p 200 nm   d 4

 6 mm 

2 nm (Al2O3 )

7 nm

CAT

 

 

 CAT

NASA 92 m

Al K a1,2 (1.4867  

1.4863 )

NASA

8.4 m slumped glass

CCD

5 0 ( ) 18 ( ) CCD

0

( dispersion axis )

18 0

dispersion

6  

 

3: CAT X

 

 

4: CAT 200 nm 5 

mm

7 nm
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