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Absorber Materials for Transition-Edge Sensor X-ray Microcalorimeters 

Arrays of superconducting transition-edge sensors (TES) can provide high spatial and 
energy resolution necessary for x-ray astronomy. High quantum efficiency and 
uniformity of response can be achieved with a suitable absorber material, in which 
absorber x-ray stopping power, heat capacity, and thermal conductivity are relevant 
parameters. Here we compare these parameters for bismuth and gold. We have 
fabricated electroplated gold, electroplated gold/electroplated bismuth, and evaporated 
gold/evaporated bismuth 8x8 absorber arrays and find that a correlation exists between 
the residual resistance ratio (RRR) and thin film microstructure. This finding indicates 
that we can tailor absorber material conductivity via microstructure alteration, so as to 
permit absorber thermalization on timescales suitable for high energy resolution x-ray 
microcalorimetry. We show that by incorporating absorbers possessing large grain size, 
including electroplated gold and electroplated gold/electroplated bismuth, into our current 
MoIAu TES, devices with tunable heat capacity and energy resolution of 2.3 eV (gold) 
and 2.1 eV (goldhismuth) FWHM at 6 keV have been fabricated. 

A. -D. Brown, S. R. Bandler, R. Brekosky, J. A. Chervenak, E. Figueroa-Feliciano, F. 
Finkbeiner, N. Iyomoto, R.L. Kelley, C.A. Kilbourne, F.S. Porter, S. Smith, T. Saab, J. 
Sadleir 

https://ntrs.nasa.gov/search.jsp?R=20070036732 2019-08-30T02:05:14+00:00Z



A
bs

or
be

r M
at

er
ia

ls
 f

or
 T

ra
ns

iti
on

-E
dg

e 
Se

ns
or

 X
-r

ay
 M

ic
ro

ca
lo

ri
m

et
er

s 
A

ri
-D

av
id

 B
ro

w
n'

, 
Si

m
on

 B
an

dl
er

, R
eg

is
 B

re
ko

sk
y,

 J
am

es
 C

he
rv

en
ak

, E
ne

ct
al

i F
ig

ue
ro

a-
Fe

lic
ia

no
, F

re
d 

Fi
nk

be
in

er
, J

ac
k 

Sa
dl

ei
r,

 N
ao

ko
 Iy

om
ot

o,
 R

ic
ha

rd
 K

el
le

y,
 

C
ar

ol
in

e 
K

ilb
ou

rn
e,

 F
. S

co
tt 

Po
rt

er
, S

te
ph

en
 S

m
ith

, T
ar

ek
 S

aa
b,

 Ja
ck

 S
ad

le
ir

 
N

A
SA

 G
od

da
rd

 S
pa

ce
 F

lig
ht

 C
en

te
r,

 G
re

en
be

lt,
 M

D
 2

07
71

 

f 
In

tr
od

uc
tio

n:
 

I A
n 

in
te

gr
al

 c
om

po
ne

nt
 o

f 
an

 x
-r

ay
 c

al
or

im
et

er
 i

s 
an

 x
-r

ay
 a

bs
or

be
r. 

In
 o

rd
er

 t
o 

ac
hi

ev
e 

op
tim

al
 

ca
lo

ri
m

et
er

 
pe

rf
or

m
an

ce
, 

th
e 

ab
so

rb
er

 
m

us
t 

po
ss

es
s 

lo
w

 h
ea

t 
ca

pa
ci

ty
, 

hi
gh

 t
he

rm
al

 
co

nd
uc

ta
nc

e,
 a

nd
 h

ig
h 

qu
an

tu
m

 e
gc

ie
nc

y 
T

he
se

 t
hr

ee
 

pa
ra

m
et

er
s 

ca
n 

be
 tu

ne
d 

by
 ju

di
ci

ou
s 

se
le

ct
io

n 
of

 ab
so

rb
er

 m
at

er
ia

ls
 a

nd
 d

es
ig

n.
 

In
 

th
is

 
st

ud
y,

 
w

e 
ha

ve
 

de
ve

lo
pe

d 
a 

ge
ne

ri
c 

m
et

ho
do

lo
gy

 
fo

r 
fa

br
ic

at
in

g 
8x

8 
ca

nt
ile

ve
re

d 
ab

so
rb

er
 a

rr
ay

s 
th

at
 c

an
 b

e 
in

te
gr

at
ed

 i
nt

o 
ou

r 
M

oI
A

u 
tr

an
si

tio
n 

ed
ge

 
se

ns
or

s 
an

d 
is

 c
om

pa
ti

bl
e 

w
it

h 
ph

ys
ic

al
 

va
po

r 
de

po
si

tio
n 

an
d 

el
ec

tr
oc

he
m

ic
al

 
de

po
si

tio
n.

 
T

hu
s,

 t
hi

s 
m

et
ho

do
lo

gy
 a

ll
ow

s 
us

 t
o 

em
pl

oy
 a

 w
id

e 
va

ri
et

y 
of

 ab
so

rb
er

 
m

at
er

ia
ls

 s
o 

th
at

 w
e 

m
ay

 f
re

el
y 

pr
ob

e 
pa

ra
m

et
er

 s
pa

ce
, 

an
d,

 u
lti

m
at

el
y,

 o
pt

im
iz

e 
de

te
ct

or
 p

er
fo

rm
an

ce
 

H
er

e,
 w

e 
ex

am
in

e 
th

e 
m

ol
ph

ol
og

y 
an

d 
m

ec
ha

ni
ca

l r
ob

us
tn

es
s 

of
 e

va
po

ra
te

d 
B

ilA
u,

 
B

ilC
u,

 a
nd

 e
le

ct
ro

pl
at

ed
 A

u 
ca

nt
ile

ve
re

d 
ab

so
rb

er
s 

an
d 

di
sc

us
s 

th
ei

r 
ut

ili
ty

 i
n 

te
rn

 

/ 
A

bs
or

be
r F

ab
ri

ca
tio

n 
M

et
ho

do
lo

gy
: 

1
 

a.
 

St
ar

t 
w

ith
 T

E
S

 a
nd

 A
u 

ba
rs

 g
ro

w
n 

at
op

 S
i,N

, 
co

at
ed

 S
i 

w
af

er
 

b.
 

Pa
tt

em
 

ab
so

rb
er

 s
te

m
 w

ith
 p

ho
to

re
si

st
. 

c.
 

D
ep

os
it 

ab
so

rb
er

 m
et

al
. 

d.
 

Pa
tte

rn
 a

bs
or

be
r 

pi
xe

ls
 w

ith
 p

ho
to

re
si

st
. 

e.
 I

on
 m

ill
 to

 s
ep

ar
at

e 
pi

xe
ls

 
f. 

D
is

so
lv

e 
ph

ot
or

es
is

t. 
I 

O
ur

 a
bs

or
be

r 
st

em
, h

ig
hl

ig
ht

ed
 i

n 
gr

ee
n,

 
w

er
e 

gr
ow

n 
at

op
 A

u 
"l

an
di

ng
 

pa
ds

",
 

in
 

bl
ue

, 
an

d 
ca

nt
il

ev
er

ed
 o

ve
r 

th
e 

T
E

S,
 i

n 

W
e 

fa
br

ic
at

ed
 

ab
so

rb
er

s 
po

ss
es

si
ng

 
di

ff
er

en
t 

st
em

 d
es

ig
ns

, 
as

 i
llu

st
ra

te
d 

in
 t

hi
s 

SE
M

 
m

ic
ro

gr
ap

h,
 

in
 o

rd
er

 t
o 

st
ud

y 
th

e 
ef

fe
ct

 o
f 

di
ff

er
en

t 
th

er
m

al
 a

nd
 e

le
ct

ro
ni

c 
pa

th
w

ay
s 

be
tw

ee
n 

th
e 

ab
so

rb
er

 a
nd

 T
E

S.
 

D
if

fe
re

nt
 

st
em

 
de

si
gn

s 
w

ill
 

al
so

 
al

lo
w

 
us

 
to

 
co

m
pa

re
 

de
te

ct
or

 
pe

rf
or

m
an

ce
 

to
 

di
ff

er
en

t 
ab

so
rb

er
 

st
ra

in
. 

C
on

fo
ca

l 
m

ic
ro

sc
op

e 
im

ag
es

 
ill

us
tr

at
e 

th
at

 
sy

m
m

et
ri

c 
(H

's 
an

d 
J'

s)
 s

te
m

s 
ha

ve
 a

 t
en

de
nc

y 
of

 b
ei

ng
 

le
ss

 s
tr

ai
ne

d 
th

an
 a

sy
m

m
et

ri
c 

(T
's)

 
st

em
s 

at
 s

it
es

 1
 a

nd
 3

. 

W
e 

ha
ve

 
be

en
 

ab
le

 
to

 
fa

br
ic

at
e 

m
ec

ha
ni

ca
lly

 
ro

bu
st

 
ab

so
rb

er
 a

rr
ay

s 
po

ss
es

si
ng

 
a 

fi
lli

ng
 f

ra
ct

io
n 

of
 9

5-
 

97
%

. 
C

ro
ss

 
se

ct
io

n 
SE

M
 

im
ag

es
 

sh
ow

 
th

e 
ab

se
nc

e 
of

 
ca

nt
ile

ve
re

d-
 

ab
so

rb
er

 b
en

di
ng

, 
w

hi
ch

 i
ns

ur
es

 t
ha

t 
ou

r 
ab

so
rb

er
 

w
ill

 n
ot

 s
ho

lt
 o

ut
 t

he
 

T
E

S.
 

1 
C

an
til

ev
er

ed
 

@
$ 

E
le

ct
ro

pl
at

ed
 A

bs
or

be
rs

: 

I In
iti

al
 a

na
ly

si
s 

su
gg

es
ts

 t
ha

t, 
w

he
n 

in
te

gr
at

ed
 i

nt
o 

ou
r 

de
te

ct
or

s,
 

al
l-

 
A

u 
el

ec
tr

op
la

te
d 

ab
so

rb
er

s 
pe

rf
or

m
 

m
uc

h 
be

tte
r 

th
an

 
ev

ap
or

at
ed

 B
ilA

u 
or

 B
ilC

u 
ab

so
rb

er
s.

 
I 

E
P 

A
u:

 
I =

 6
 5

 m
ic

ro
ns

, R
R

R
 =

 46
.8
5;
 1

 m
A

km
'; 

Ba
th

 
te

m
pe

ra
tu

re
 = 

50
 f
 

E
le

ct
ro

pl
at

ed
 A

u 
po

ss
es

se
s 

a 
ve

ry
 l

ow
 r

es
is

tiv
ity

 a
s 

co
m

pa
re

d 
to

 
ev

ap
or

at
ed

 m
et

al
s 

(A
u,

 B
i, 

C
u)

, 
an

d,
 c

on
se

qu
en

tly
, 

sh
ou

ld
 p

os
se

ss
 

a 
ve

ly
 h

ig
h 

th
e~

m
al

 co
nd

uc
tiv

ity
. 

W
e 

ob
se

rv
e 

ex
ce

ss
lv

e 
B

llA
u 

ab
so

rb
er

 

br
oa

de
nr

ng
 o

f 
th

e 
en

er
gy

 c
ur

ve
 

at
 th

e 
lo

w
er

 e
dg

e 
of

th
e 

sp
ec

tr
um

 
~f

 
ou

r 
de

te
ct

or
s 

po
ss

es
s 

ev
ap

or
at

ed
 

B
dA

u 
ab

so
rb

er
s,

 
ho

w
ev

er
, 

th
~

s sp
ur

to
us

 e
ff

ec
t 

IS
 

no
t 

ob
se

rv
ed

 w
he

n 
el

ec
tr

op
la

te
d 

A
u 

ab
so

rb
er

s 
ar

e 
us

ed
 

Fu
tu

re
 W

or
k:

 

I * 
O

pt
im

iz
in

g 
ab

so
rb

er
 s

te
m

 d
es

ig
n.

 

Fu
rt

he
r 

ch
ar

ac
te

ri
za

tio
n 

of
 d

et
ec

to
rs

 p
os

se
ss

in
g 

E
P

 A
u 

ab
so

rb
er

s.
 

. Em
pl

oy
in

g 
E

P 
B

i a
bs

or
be

rs
 i

n 
ou

r d
et

ec
to

rs
e*

 
I 

Ev
ap

or
at

ed
 B

i 
El

cc
vo

pt
at

cd
 B

i 


