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X
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ay D
etection H

istory

O
riginal x-ray focus w

as pulse height resolution
    (P

M
T

 A
lternative)

F
ast X

-R
ay D

etectors

30 µm
 device, φ1 m

m
, 0.3 ns R

esolution
K
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 309, (1991) 603.

50 µm
 device, φ16 m

m
,  0.7 ns R

esolution
B
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A

 343, (1993) 517.

10 µm
 device, φ1 m

m
, 0.1 ns resolution
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 A
 351, (1994) 554.

100 µm
 device, 1x1 cm

2
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 400, (1997) 124.
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A
P

D
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etector O
verview
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ast S
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G
ood P

oints:
F

ast ->
 

G
ood T

im
e R

esolution (0.1 to 1 ns)
&

 H
igh R

ates (<
~

10
8/C

hannel)

G
ood P

ulse H
eight R

esolution (~
20%

)

Low
 N

oise (~
0.01 H

z)
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ood E
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er X

-R
ay E

nergies

S
m

all, R
ugged (relative to a P

M
T
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Less G
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oints:

S
m

all  (<
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1 cm
2, ~
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2 typical)
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X
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etection w

ith an A
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D

D
epletion
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egion

A
valanche
R

egion

e h

x-ray

A
bsorption

D
rift

G
ain

Im
portant P

oints:

Lots of carriers to start - 1 eh pair/ 3.6 eV

E
fficiency determ

ined by “active thickness”
of S

i before the gain region

D
rift to gain region takes tim

e (~
10 ps/µm

)

T
rade O

ff:  H
igher efficiency (at norm

al incidence) <
->
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E
lectronics

W
ide-B

and (~
G
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z) A
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plifier (near the diode)

~
50 O

hm
 Input Im

pedance
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inicircuits, P

hillips, O
rtec....)

F
ast D

iscrim
inator (N

IM
 levels)   (O

rtec, P
hillips, ...)

Im
portant P

oint: 

     Leading edge shape (rise tim
e) due to 

 C
arrier T

ransport T
im

e

     T
railing E

dge (fall tim
e) due to

D
iode C

apacitance &
 A

m
plifier Input Im

pedance

(A
ssum

ing sufficient am
plifier bandw

idth)

G
enerally: S

m
aller C

apacitance D
evices have 
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aster S

ignals
S

m
aller A

rea &
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hicker D
epletion R
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~
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F
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m
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N
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 - for faster  (array) devices
 2 G

H
z, 10 dB

m

O
lder: ~

1 G
H

z, 2 dB
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S
om

e S
ingle E

lem
ent A

P
D

s

C
om

pany &
T

ype
A

rea &
M

odel#
O

perating
V

oltage
A

ctive
T

hickness
T

im
e

R
esolution

A
PI

B
eveled E

dge
φ5, 10, 16
m

m
 (also

sm
aller)

2000-2500V
30-50 µ

m
~0.5 ns
FW

H
M

T
ail to >5 ns

R
adiation

M
onitoring

D
evices (R

M
D

)
B

eveled E
dge

8x8 m
m

2

(also
custom

)

~1800 V
30-50 µ

m
~0.5 ns
FW

H
M

T
ail to >

 10 ns

PK
I (E

G
&

G
)

R
each T

hrough
5x5 m

m
2

(C
30626)

300-400 V
~110 µ

m
~1.6 ns
FW

H
M

T
ail to  ~ 5ns

10x10 m
m

2

(C
30703)

350-450 V
~110 µ

m
~0.7 ns
FW

H
M

T
ail to  ~ 4ns

10x10 m
m

2

(Prototype)
350-450V

~185 µ
m

~1.7 ns
FW

H
M

T
ail to ~5 ns

H
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atsu

Photonics
R

each T
hrough

φ 1, 3, 5
m

m
(S238X

)

100-250 V
~ 30 µ

m
~0.3 ns
FW

H
M

, T
ail to

>
5 ns

φ1 3, 5 m
m

(S534X
)

~150 V
~ 10 µ

m
~0.08 ns
FW

H
M

T
ail < 2 ns

φ1, 3, 5 m
m

(S534X
 L

C
)

250-300 V
~ 25 µ

m
~0.2 ns
FW

H
M

T
ail < 2 ns

φ 3m
m

3x5 m
m

2
500~700 V

~ 130 µ
m

~1.3 ns
FW
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M
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B
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A
P

I &
R

M
D

 ->
 C

ut grooves in larger devices
P

ixels ~
 1 x1 m

m
2  

A
rray of, say, 4x4 or 8x8 pixels

H
am

am
atsu ->

 C
lose packing of sm

all devices
Linear arrays of f1 m

m
 devices

2x2 A
rrays of f1 m

m
 devices

16x2 A
rray of 3x5m

m
2 D

evices (K
ishim

oto)
4x2 A

rray of 3x5m
m

2

M
onolithic Linear A

rray 

P
K

I/E
G

&
G

(R
C

A
) ->

 S
pecial S

tructures
Linear arrays w

ith 300 or 150 m
m

 pitch
25 to 128 elem

ents

P
acific S

ilicon S
ensor

M
onolithic arrays sim

ilar to H
am

am
atsu

N
ot tested…
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rray D
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F
ast A

rray (H
am

am
atsu)

16 E
lem

ents, 1.1 m
m

 P
itch 

E
lem

ent size: 2.0 x 1 m
m

2 x  20 µ
m

 thick

D
esigned  for good tim

e resolution (~
180 ps), 

high rates (16 chan) and high efficiency 

G
razing Incidence A

cceptance: 2.0 x 0.7 m
m

2

E
ffective T

hickness: ~
 0.5 m

m

(S
ingle chan  =

 160 ps)



A
.Q

.R
. B

aron, Feb.&
 M

arch,  2003

16 C
hannel A

rray

2 x 8 C
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N
F

S
 F

rom
 161D

y

N
orm

al Incidence: <
 1%

 D
Q

E
G

razing Incidence: ~
 17%

 D
Q

E

T
im

e R
esolution: 180 ps (fw

hm
) A

chieved

0
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T
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e A
fter Excitation  (ns)

L
inear Scale 
(5-35ns)

L
og Scale

(0-60 ns)

Inensity  (counts/channel)

H
igh R

esolution M
onochrom

ator
∆

E
 = 0.5 m

eV
1-2 x 10   P

hotons/sec

Sam
ple

N
uclear Inelastic Scattering

E
lem

ent S
elective 

Phonon D
ensity of States

N
uclear Forw

ard Scattering
H

yperfine S
tructure, 

Probe of L
ocal Fields

16 C
hannel A

P
D

 A
rray 

U
sed at G

razing Incidence

~
 180 ps Tim

e R
esolution (FW

H
M

)

17%
 efficiency at 26 keV

A
PD

: 10m
m

 x 10m
m

 x 200 um

G
ood Singal to N

oise R
atio

H
igh E

fficeincy, Large area

E
xtrem

ely C
om

pact D
esign

for N
ear E

xact B
ackscattering

In

O
ut

1

2
3

8
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25 E
lem

ent Linear A
rray

W
ebb &

 M
cIntyre 

IE
E

E
 T

rans. E
lectron D

ev. E
D

31 (1984) 1206

E
lem

ent size: ~
250 x 400 µm

2 x  110 µm
 thick

on 300 µm
 pitch

G
oal:  V

ery high rates and good efficiency
M

odest (~
ns) tim

e resolution

N
ew

: B
e C

over   (N
orm

al and G
razing Incidence)
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C
30985 R

esponse

10
1

10
2

10
3

10
4

-4
-2

0
2

4

T
im

e (n
s)

-0.5
-0.25

0
0.25

0.5

P
ixel 1

P
ixel 2

A
n

od
eH

oriz Pos (m
m

)



A
.Q

.R
. B

aron, Feb.&
 M

arch,  2003

M
ulti-P

aram
eter, M

ulti-C
hannel

D
ata A

cquisition S
ystem

H
. T

hiess, A
.Q

.R
. B

aron &
  T

. Ishikaw
a,

m
anuscript in preparation.

A
dapt a nuclear-physics, event-based, data acquisition 

system
 to N

R
S

 experim
ents.

N
R

S
 is usually a low

 count-rate experim
ent, 

so this is relatively easy.

C
A

M
A

C
 based system

 (1 µs/instruction)
w

ith a D
iscrim

inator &
 an A

D
C

F
or each event, record 

D
etector channel   (D

iscrim
inator)

T
A

C
 output  (A

D
C

)
D

rive velocity  (A
D

C
)

P
resent system

: 2 P
aram

eters and up to 30 detectors.
E

asy to interface w
ith existing fast (N

IM
) electronics.

D
ata rates up to a few

 kH
z (10%

 dead-tim
e at ~

2 kH
z)
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C
am

ac S
ystem

 Logic
D

iagram
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row

S
im

ultaneous T
w

o P
aram

eter M
easurem

ent

Single Foil

T
w

o F
oils w

ith beating

Foil Velocity

T
im

e A
fter E

xcitation

N
uclear F

orw
ard S

cattering (N
F

S
) from

 tw
o foils 
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C
om

m
ents

0. D
evice S

tability - S
till an issue.

P
K

I S
ealed 5x5 device is stable.

O
thers: device dependent - som

e care needed.

1.  A
rrays of sm

all elem
ents interesting 

  for high efficiency, high rates, 
  and good tim

e resolution 

2.  C
losest P

acking so far ~
 70µm

 dead space.

3.
T

he am
plifiers are getting sm

aller.
A

S
IC

 w
ould be nice. 

4.
D

ow
nstream

 E
lectronics =

 ?
Integration =

 ?

5.
B

est P
ossible tim

e resolution =
 ?
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H
 T

hiess  (SPring-8)  (M
ultichannel E

lectronics)

T
. Ishikaw

a (SPring-8)

C
ollaborators


