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(Analysis of a Zebra Shaped supercondunting transition edge sensor with an

X-ray microbeam)
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1 >?@A

RST X UVWXY, Z[V\]K^_, `a

bcTd.aef X UHghij^. kjVlm

Y, RSan*opJq2rstuGvVdmK

^aHefXUwxyz^.{| `ky}XUT

~^Z���V���������_, ��w�

�_��j^efXUa��a��T~^���

a��V������H��ij��^. Y�Y

��a:����w��}200eV(@5.9keV) D�

_, RSaw[n�V ^�¡T}¢£wyz¤,
¥�}:����w��}¦� (§1eV@5.9keV)
H��¨�H©��¡T¦ª�G\]UH«¬G

k_H, dTXUT~^®¯V°±JK�²�

RSV³´µsGvT¶"_G^.

kjT·Y�¸¹��a¸¹�-º¹�»¼½

¾T¿±^ÀÁGÂÃÄqT~Å�Æ�ÄqV

��K^¸¹�»¼ÇÈ;É (TES:Transition
Edge Sensor) V��� TES Ê8ËÌÍÌ?�

Î�Ï}Ð¦���¨�_¦�:����w�

� (§1eV@5.9keV) ¦�,ºT¦Ñ�GÒÓÔ

yz^ÕTES }{|Ö×UÔlGv, Øij�

�ÙTY���ij��G�H, ,ºT¦�:�

���w��y¦ÚGÛÜËÝ�lmHÞ�G

ßàáa:����w��a���_Y�, âã

äj��^.

2 TES(./0123456) B>

¸¹�»¼ÇÈ;Éaå�æçV (è 1) Té

KÕ¸¹�_º¹�aêaÆ�½¾Ð¸¹�»¼

½¾T¿��}ÐëìGÆ�Äq (í mk) T~Å

�1îGÂÃaÄqH]k^ÕkjVï�Y�,

ºT¦ð�GÆ�ÔH¸¹�»¼ÇÈ;Éyz

^Õp[aÒñÓVìäòYÐÒ'Gó8ôVõ

iK�¡T 100mk �¥aö©Æ÷y¸¹�»¼

V]kK~´G¸¹��HÆ�È;É_Y���

è 1: TES aå�æç

ij^�¡Ðøùf[aúXT~Å�û£wT1

îGü�Ûý$Vþ^k_Hyî^Õ

TES VÆ�È;É_Y�å�äh^�¡T},
p[aÆ�Vö¡�¦�ÿ�y»¼½¾!aù

maÆ�T"#«¬Hz^Õkj} TES T78

>ÛmZ$V�±^k_T~Å�%{äj^Õý

$HúXY��G�mºtuy}ÐkamZ$

T~Å�g²K^<&��Ò_ÐÒ'T()äj

^Ò_H*¤z�Ðp[aÆ�}¸¹�»¼½

¾!az^ùmaÆ�T"�j��^ÕkkT

X Uf[HúXK^_Ð`a:����T+,

�p[aÆ�}-.YÐÂÃH/0K^ÕK^

_ TES V1j^Z1_gÒÓHõ2YÐp[}

3ö'T45äj^ÕkaÒ'G67�879Ë

}ÐETF(Electro Thermal Feedback) _��j

��^.

TES aý$+:;aù<a=DT��^;ê

}¿¿~`í 100us >÷yz¤Ðøùf[aúX

T·Y�ù#aZ1ü�Ûý$Hþij^Õka

ù#ù#aü�ÛZ1a1îäT~Å�ÐúXY

�f[`j?ja:����VlmK^k_Hy

î^Õ
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kky TES Ê8ËÌÍÌ?Î�Ïa.Ñ@-

T, º¹�ABaCV, Z1a1j^DET·Y�

F���TGHK^k_y, ó8ôIJ�H©÷

Y, :����w��HKLK^k_H%M'T

 i��^. ka~´Gn�VN#TES}Zebra
� TES _��j��^H, Zebra n�Hva~´

TY�ó8ôIJ�VOP, :����w��V

KLK^a�}Qi�T}GÅ��G� [1][2].

R()y} Zebra � TES a.Ñ@-V X U

Ê8ËÌS�TyÛUV;K^k_y, W�G+

:�XaÄqVYZ, kkyþij��XVkj

[y\gV]Å�^�Ô_`ab&I�ac;T

~Å�d{K^k_y, Zebra � TES a!eyv

a~´G{fH]kÅ��^a�VYZ^k_V

ãgK. Zebra n�H TES !eT¿��va~

´T��Y, :����w��VKLY��^a

�Vzîi�TK^k_Hyîj�, äiT¦�

:����w��V%{K^hY� TES n�a

\gVijK^k_Hyî^.

3 ./04567CD

R()y��� TES(>k 1Bar-Zebra � TES
_�l) Vè 2 TéK. 250um manDXaXt

VY�¿¤, 100nm oa Ir pq_ 20um oa AU
pqVrs� 2 tn��iyî��^. ka TES
-T 400um ouva Au a Zebra �n�V0P

^k_y, +:dðHva~´TÄqK^�VY

Z^k_VãgK.

è 2: �vY� 1Bar-Zebra � TES

TES Ê8ËÌÍÌ?Î�Ïa�v=DV (è
3) TéK. v�Tz�¤, Ê8ËÌÊa;wxH

«¬yz^. yH}, /012z{Ë?�;��

TaûaV|�Y�.

1. Si }~a�@T LPCVD �V��� SiN V

*qK^.

2. Ir ¿~� Au VVÛü9Ï?;@T~¤*q

K^.

3. BCl3 V��� RIE T~¤ TES aüÏ�=

;@V]´.

4. Zebra �n��_G^ Au VÛü9Ï?;@

T~¤*q, ��:9�;@T~¤üÏ�=

;@K^.

5. }~�@a SiN V Si :9�;@�T RIE y

�¤�ò.

6. Nb ZöVÛü9Ï?;@�_?6Ý96�

T~¤*q, üÏ�=;@K^.

7. �8�<;:9�;@Y, Î;�I;n�V

X*K^.

4 EFGH

R%My���T��� Ir ¸Z��a¸Z

�»�Æ�}¿~` 100mk yz¤, lmT}

60mk D�aö©ÆH«¬_G^. kjT}��
3He H�� 4He T_±���a��ÒVï�Y

� 3He−4He ��4�`V��^. �ºa45a

��}ßa~´TG^.

1. 4�`, 3He−4He �Û���8;a���

���� (§16 ;ê)

2. �� pV���4�`a¡4 (§20 ;

ê)(77K)

3. �� He V���4�`a¡4 (§12 ;

ê)(4.2K)

4. ��¢;£V����� He V¤q (§3 ;

ê)(1K)

5. 3He−4He �Ûa��\¥ (§1 ;ê)(60mk)
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è 3: TES Ê8ËÌÍÌ?Î�Ï�va1j

5 IJKALMNEFOP

�vY� 1Bar-Zebra � TES aå�V¦§K

^�¡, 55Fe U¨V���%M©T¿��]Å�

lmr+Vè 4 TéK. Mn a Kα U_ Kβ Ua

ª�ªVoT679«7;@V]´_1Bar-Zebra
�TESa:����w��} 15.0eV_¬K^

k_Hyî�.

�®Y, ka_îaý$�XVF^_, �¯-

H¤a°��X_±��X_²³´a�XHFi

j� (è 5). Zebra � TES T¿��ka~´Gµ

¶}kj[yz[¤âãaäj��G�Å�H,
ka~´G·¸}:����w��T¹ºV»P

��^Þ�ðHz^.

6 QRST'QU57,@7VWXYZ7[\

lm}ö©Æ÷a¦��¼y]Ij^k_�

iÐÒa¼å}½¾a¾¿@aFVÀPj�£

è 4: Fe U¨�iaÛÜËÝ�lmr+

è 5: Fe U¨�iþij��Xadð_�¯-H

¤;êa¸G^²³´a�X

wyz¤ÐÒXJÁÂw[T~^¹º}ÃÄy

î^ûa_K^. kky Ir pq_ SiNx pqa

Æ�ÐÒ¹��Ðø��3z�¤aÒñÓV`

j?j T (x, y, t)ÐTm(x, y, t)ÐκT ÐκmÐcT (T ),
cm(Tm), `j?japqV xy a²ßoÅ@yÆ

ÇY, Ir-TES aø��äz�¤a<&��ÒT~

^gÒÓV PT (x, y, t)ÐIr-SiNx êaÒ¹ÈÉí

V GK , SiNx �iÒ'Ê1j^ÒÓV PC(x, y, t)
_K^_Ðßa~´GÒ¹�DDËHþij^Õ

δT (x, y, t)
δt

=
κ

cT
∇2T − GK

cT
(T − Tm) +

PT (x, y, t)
cT

δTm(x, y, t)
δt

=
κ

cm
∇2Tm +

GK

cm
(T − Tm) − PC(x, y, t)

cm

p[¼aZ1Ì�wÍ I(x, y, t) }Z�wÍ

V (x, y, t) a�êëw�iÎ¡ijÐp[¼aÏ

ÐyagÒÓ PT (x, y, t) }ÐI(x, y, t) _p[a

Ï�HT¿±^ÂÃ� R(T (x, y, t)) �iÎ¡^

k_Hyî^Õ

[�Z�wÍ V (x, y, t) }

V (x0, y, t) = Vbias

V (x1, y, t) = 0
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_�´ÑÒÓÔV¿òk_yÐR(T (x, y, t)) �i

Î¡ij^Õ

pq-TÕßo'Gn��az^µsyû, Å

@ÆÇV]�, ÏtêaÒ¹��_Z¤¹��V

»P^k_y, Ö×a��yÀP^k_Hyî^.

7 QRST'QU5A]NIJOP7^_

%MT~¤lmäj�Ø�ÏVû_T, 1Bar-
Zebra � TES aý$�Xaab&I�ac;V

]Å� (è 7)(è 7). 1Bar-Zebra � TES a.Ñ

@-a, ä[Ù[G�HTX UHÚÛäj�_î

aý$�XV (è 8) TéK. úX�H~^�Xa

��ûz^H, º¹�AByz^AaewyÚÛ

äj�_î_, ¸¹�AByz^ Ir aewyÚÛ

äj�_î_y1îòk_G^�XHþij�.
kj} (è 5) a²³´a�X_~òùÜK^ûa

yz^. [�`j?jaÚÛ¨��iÔ_Y�A

yaÚÛ_ Ir yaÚÛ_aª�û1.5 · 1 D�y

z¤, kjûlmr+_~òùÜY��^.

è 6: ab&I�ac;T~^Ãý$tuya

1Bar-Zebra � TES aÆ�wÍ (Ý)

è 7: ab&I�ac;T~^Ãý$tuya

1Bar-Zebra � TES aZ1wÍ

è 8: Fe U¨�iþij��Xadð_�¯-H

¤;êa¸G^²³´a�X

8 SPring-8 `7EF

Þß Spring-8 y} X UÊ8ËÌS�TV��

� TES a.Ñ@-aÏ�HT¿±^+:�XV

�þY, Zebra n�aúX�HT~^�Xa��

_, :����w��Gv_aàÉVYZ, ab&

I�ac;aÿ�E-_Zebra n�aáâqT~

¤, kj[yTG�¦�:����w��VN#

hY�Ø78Ûa\gVãgK¡myzÅ�.

Y�Ylma½�TG¤, `j[y 40mk D�

yzÅ�4�`aá©ãÈÆ�H, 140mk >-_

äqY�Y[Å�. ¡mY��� TES a»¼Æ

�} 110mk >÷yz^�¡TkaÆ�y}lm

V¿kG´k_}yîG�. 4�`aåúo_û

<æV_¤##, S�TúXç®±yGò, a�

�8JGUGvè�aewT¸ºHG�k_V¦

§Y, 45RMVé¤êY�H, £wG45�ë

V_¤ûvKk_}yîG�Å��¡. ìíGH

i%M}¼î_GÅ�.

9 a7b7cdBeB@

ka4�`}ÖïúY��i 10 Euvð=Y

�ûayz^H, %M¥Y�iòY�, Ö;iT

Ö,4�`VïúY�ña()@��£T¿��

û, Ö×T4�`H4PGòGÅ�Y[´_�´

µ¶Hòóäj, 4�`aðEôqT~^¢õy

z^_öîY�.

`a�¡, hYòïúY��� He Vï�YG

�Ã4÷4�` (ü�Û�&��DË/îÒøùD

Ëaú�) Tlm�ÑV´#Y, d�a%MV¡

mY��^. kjT~¤, lm[ya4�`�-
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;êHûüäj^__ûT, ýèðû1þT/K.

[� TES �*£ÌÈÛaKõûÖ;T]�,
kj[ya��:9�;@~¤û¦�ÿ!ªya

n��a�*ûÞ�_GÅ� (è 9).

Þ¥kahY�4�`_ TES V���d�a

lmV]´¡myz^.

è 9: Þ¥%M¡ma 3Bar-Zebra � TES

fghi
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