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n
 
SuperKEKB	collider	at	KEK	
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	4
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-
h
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h
e
s
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n
e
d
	lu
m
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o
s
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y
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L
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	8
.0
×
1
0
3
5
	c
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n
 
Belle	II	experim

ent	
– 

In
t
e
n
s
it
y
	f
r
o
n
T
e
r
	e
x
p
e
r
im

e
n
t
	a
t
	

S
u
p
e
r
K
E
K
B
	t
o
	d
is
c
o
v
e
r
	a
n
d
	u
n
d
e
r
s
t
a
n
d
	

p
h
y
s
ic
s
	b
e
y
o
n
d
	t
h
e
	S
M
	(
B
S
M
)
.	

– 
P
r
e
c
is
e
	d
e
t
e
r
m
in
a
T
o
n
	o
f
	t
h
e
	d
e
c
a
y
	

v
e
r
T
c
e
s
	a
n
d
	lo
w
-
m
o
m
e
n
t
u
m
	t
r
a
c
k
in
g
	a
r
e
	

e
s
s
e
n
T
a
l	t
o
	p
e
r
f
o
r
m
	t
h
e
	B
S
M
	s
e
a
r
c
h
.	

n
 
The	detectors	and	accelerator	are	
being	developed	tow

ard	start	of	
physics	experim

ent	at	2018.
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n
 
Belle	II	vertex	determ

ina6on	is	
perform

ed	by	2	Si	detectors.	
n
 
PiXel	Detector	(PXD)	
– 

In
n
e
r
m
o
s
t
	2
	la
y
e
r
s
	

– 
B
a
s
e
d
	o
n
	D
E
P
F
E
T
	p
ix
e
ls
		

n
 
Silicon	Vertex	Detector	(SVD)	
– 

O
u
t
e
r
	4
	la
y
e
r
s
	

– 
D
o
u
b
le
-
s
id
e
d
	S
i	s
t
r
ip
	d
e
t
e
c
t
o
r
s
	

(
D
S
S
D
s
)
	

		• F
a
s
t
	–
	t
o
	o
p
e
r
a
t
e
	in
	h
ig
h
	b
a
c
k
g
r
o
u
n
d
	

e
n
v
ir
o
n
m
e
n
t
	

• B
e
_
e
r
	r
e
s
o
lu
T
o
n
	a
t
	IP
	–
	t
o
	c
o
m
p
e
n
s
a
t
e
	

r
e
d
u
c
T
o
n
	o
f
	b
o
o
s
t
	w
r
t
.	B

e
lle
	I	

• R
a
d
ia
T
o
n
	h
a
r
d
	(
u
p
	t
o
	1
0
0
	k
G
y
)
	

• S
e
lf
-
t
r
a
c
k
in
g
	c
a
p
a
b
le
	–
	t
o
	t
r
a
c
k
	p
a
r
T
c
le
s
	

d
o
w
n
	t
o
	5
0
	M

e
V
	in
	p

T
	

VXD	requirem
ents
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n
 
4	SVD	layers	(Layer-3	to	-6)	
consist	of	ladders.		

n
 
The	ladders	are	com

posed	of	
several	DSSD	m

odules.	
n
 
Slant	shapes	in	FW

D	region	for	
the	m

aterial	budget	reduc6on.	
n
 
Average	m

aterial	budget:	
0.7%

X
0 	per	layer
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Sim
ulated	resoluJon	for	track	im

pact	param
eter	(IP)�

Belle
only	SVD	(Belle	II)
PXD+SVD	(Belle	II)
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�
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�
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n
 
3	types	of	DSSD	sensors

9
/
2
6
/
1
6

V
ERTEX

2016

Sensor	thickness	

=	300-320μm

Sensors
Rectangular	

(Large)
Rectangular	

(Sm
all)

Trapezoidal

#	of	p-strips
7
6
8

7
6
8

7
6
8

p-strip	pitch
7
5
μ
m

5
0
μ
m

5
0
…
7
5
μ
m

#	of	n-strips
5
1
2

7
6
8

5
1
2

n-strip	pitch
2
4
0
μ
m

1
6
0
μ
m

2
4
0
μ
m

DSSD	(Double-sided	Si	strip	detector)�

P
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p
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a
d
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u
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l
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a
d
o
u
t A

l

S
i

P
+

P
+

P
+

N
+

N
+

S
iO

2

S
iO

2
N

+

Rectangular	sensor	(HPK)�

4
1
m
m
	

Trapezoidal	sensor	(M
icron)�

6
1
m
m
	

n-side	strip	

t
h
ic
k
n
e
s
s
:	

3
2
0
μ
m
	

t
h
ic
k
n
e
s
s
:	

3
0
0
μ
m
	

Strip	num
bers	and	pitches�
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BW
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APV25
APV25

APV25

APV25

APV25	chips	in	ladder�

APV25	chip
�

n
 
APV25	chip	
– 

A
	h
ig
h
	b
a
c
k
g
r
o
u
n
d
	in
	B
e
lle
	II	

r
e
q
u
ir
e
s
	s
h
o
r
t
	s
ig
n
a
l	s
h
a
p
in
g
	

T
m
e
	a
n
d
	a
	g
o
o
d
	r
a
d
ia
T
o
n
	

h
a
r
d
n
e
s
s
.	

– 
A
P
V
2
5
	c
h
ip
	is
	a
	s
u
it
a
b
le
	s
o
lu
T
o
n
	

f
o
r
	S
V
D
.	

n
 
O
r
ig
in
a
lly
	d
e
v
e
lo
p
e
d
	f
o
r
	C
M
S
.	

n
 
APV25	Specifica6on	
– 

#
	o
f
	in
p
u
t
	c
h
a
n
n
e
ls
:	1
2
8
	c
h
.	

– 
S
h
a
p
in
g
	T
m
e
:	5
0
n
s
e
c
	

– 
R
a
d
ia
T
o
n
	h
a
r
d
n
e
s
s
:	>
	1
M
G
y
	

n
 
Chip-on-Sensor	(see	next	slide)	
– 

T
h
in
n
e
d
	t
o
	1
0
0µ

m
	t
h
ic
k
n
e
s
s
	f
o
r
	

t
h
e
	m

a
t
e
r
ia
l	b
u
d
g
e
t
	r
e
d
u
c
T
o
n
.	

– 
M
a
x
.	h
e
a
t
	d
is
s
ip
a
T
o
n
:	0
.4
W
	

n
 
à
	N
e
c
e
s
s
it
y
	o
f
	c
o
o
lin
g
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n
 
Flex	circuit	(O

RIGAM
I	flex)	is	glued	on	sensor	n-strip	

surface	w
ith	an	electrical/therm

al-isola6on	foam
.	

n
 
APV25	are	placed	on	the	O

RIGAM
I	flex	to	m

inim
ize	

the	analog	path	length	(capaci6ve	noise).	
n
 

S
e
n
s
o
r
	s
t
r
ip
s
	a
n
d
	O
R
IG
A
M
I	fl
e
x
	a
r
e
	c
o
n
n
e
c
t
e
d
	w
it
h
	A
l	

w
ir
e
-
b
o
n
d
in
g
	(
φ
2
5µ

m
)
.	
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O
RIGAM

I	flex	
(Si	sensor	is	under	the	flex)�

Sensor	under	O
RIGAM

I	(n-strips)�

Sensor	from
	other	side	(p-strips)�

p
-
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t
r
ip
	s
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p
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ig
n
a
ls

n
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s
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r
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n
a
ls

n
-
s
t
r
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	s
ig
n
a
ls

p
-
s
t
r
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n
a
ls

W
ire	bonding	w

ith	Al	w
ires.�
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APV25

APV25
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n
 
N
ecessity	of	cooling	
– 

S
V
D
	t
o
t
a
l	h
e
a
t
	d
is
s
ip
a
T
o
n
	f
r
o
m
	a
ll	A

P
V
2
5
	c
h
ip
s
	c
a
n
	b
e
	7
0
0
W
	in
	m

a
x
.	

n
 
2-phase	(liquid	and	gas	m

ixture)	CO
2	cooling	system

	
– 

E
ffi
c
ie
n
t
	a
n
d
	lo
w
	m

a
s
s
	c
o
o
lin
g
	

– 
S
im

p
le
	c
o
n
t
r
o
l	o
f
	c
o
o
la
n
t
	t
e
m
p
e
r
a
t
u
r
e
	(
o
n
ly
	w
it
h
	p
r
e
s
s
u
r
e
)
	

– 
S
m
a
ll	p

r
e
s
s
u
r
e
	lo
s
s
	in
	t
u
b
e
s
	

n
 
Thin	stainless	tube	(O

D:1.6m
m
,	thickness:0.1m

m
)	is	em

ployed.	
– 

L
e
s
s
	m

a
t
e
r
ia
l	b
u
d
g
e
t
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c
o
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g
	p
ip
e

S
o
m
t
h
e
r
m

A
P
V
2
5
	c
h
ip
s

So[therm
	86/125�

Cooling	pipes	a`ached	
on	ladders.	

CO
2	cooling	pipe	

in	final	setup	(CAD)	

t
h
e
r
m
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T
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d
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a
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Sensor	fixed	on	a	jig
Sensor	placem

ent

DSSDs	are	handled	w
ith	precision	

assem
bly	jigs	(O

(50μm
)),	on	w

hich	the	
sensors	are	fixed	by	vacuum

	chucking.	

Sensors	are	
aligned	in	

O
(10μm

)	by	a	
posi6on	tuning	jig	
w
ith	m

onitoring	
through	a	CM

M
.

1.	Precision	DSSD	alignm
ent
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Ladders	are	fabricated	by	gluing	the	
com

ponents	by	Araldite®2011.		

Glue	spread	below
	bonding	pads	

affects	to	the	bonding	yield	and	pull	
strength	→

	glue	am
ount	and	glue	

lining	are	controlled	by	a	gluing	robot.	

2.	Ladder	fabrica6on:	gluing

Appropriate	
spread	of	glue	
to	the	flex	edge

W
ire	bonding	pads

Posi6on	on	the	gluing	line	[m
m
]

Glue	
thickness	[μm]

t	=	55+10μm

The	flex↔
DSSD	strips	

and	flex↔
APV25s	are	

electrically	connected	
by	the	w

ire	bonding

Bonding	m
achine	param

eters	are	so	
tuned	to	realize	yield>99%

	and	pull	
strength	f:	μ

f >5gw
,	σ

f /f<20%
.

w
ith	Aℓ(99%

)	w
ire(φ

=25μm
).		N

um
ber	

of	total	bonds	=	450k.

Pull	strength	[gw
]

Entries	/	0.5gw

μ
f 	=	10.7gw

	
σ
f 	=	0.6gw

	
(
9
7
	s
a
m
p
le
s
)

1
1
	

Please	see	m
ore	details	in	Hyebin	Jeon’s	poster	presenta6on.

3.	Electrical	connec6on:	w
ire	bonding
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@
KEK	(Japan)

:	

• 
S
V
D
	a
s
s
e
m
b
ly
	

• 
S
V
D
	in
s
t
a
lla
T
o
n
	

@
Kavli	IPM

U
	(Japan)

:	

• Layer-6
	a
s
s
e
m
b
ly
	

• Layer-4
	a
s
s
e
m
b
ly
	

b
y
	T
IF
R
	

TIFR	(India)
	

@
U
niv.	of	M

elbourne	
(Australia)

:	

• Layer-3
	a
s
s
e
m
b
ly
	

@
IN
FN

-U
niv.	of	Pisa	

(Italy)
:	

• FW
	and	BW

	DSSD
	

a
s
s
e
m
b
ly
	

@
HEPHY	(Austria)

:	

• Layer-5	a
s
s
e
m
b
ly
	

FW
/BW

	
DSSDs	

to	HEPHY

FW
/BW

	DSSDs	to	IPM
U

Assem
bled	Layer-5	ladders	to	KEK

Assembled	Layer-3	ladd
ers	

to	KEK

n
 
Ladders	assem

bled	in	all	the	assem
bly	

sites	are	review
ed	by	each	others,	in	

order	to	control	the	uniform
ity	of	the	

assem
bly	quality	am

ong	the	sites.	
n
 
The	num

bers	and	loca6ons	of	all	the	parts	
are	m

anaged	w
ith	a	com

m
on	database.	
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W
e	perform

	the	follow
ing	quality	assurance	tests	for	every	assem

bled	ladder.	
n
 

1.	M
echanical	precision	m

easurem
ent	w

ith	CM
M
	

– 
M
e
a
s
u
r
e
	s
h
im
s
	o
f
	D
S
S
D
	s
e
n
s
o
r
s
	in
	X
Y
Z
	d
ir
e
c
T
o
n
s
.	T
y
p
ic
a
lly
	le
s
s
	t
h
a
n
	1
5
0
u
m
.	

n
 

2.	I-V	curve	m
easurem

ent	
– 

C
o
n
fi
r
m
	t
h
e
	s
e
n
s
o
r
	f
u
n
c
T
o
n
a
lit
y
	

f
o
r
	b
ia
s
in
g
.	

n
 

3.	Electrical	qualifica6on	laser/β-source	(Sr 90)	m
easurem

ent	
– 

C
h
e
c
k
	d
e
f
e
c
t
	s
t
r
ip
s
	a
n
d
	D
S
S
D
	p
e
r
f
o
r
m
a
n
c
e
	f
o
r
	p
a
r
T
c
le
s
.	

Hit	m
ap
�

N
oise	m

ap
�

Cluster	size	distribuJon
�

S/N
	raJo	distribuJon

�

I-V	curve�
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n
 
N
ow

	all	the	ladder	assem
bly	sites	are	in	

m
ass-produc6on	stage.	
– 

L
a
d
d
e
r
	m

a
s
s
-
p
r
o
d
u
c
T
o
n
	w
a
s
	s
t
a
r
t
e
d
	f
r
o
m
	

e
a
r
ly
	2
0
1
6
.	

n
 
FW

/BW
	DSSD	

– 
B
W
:	1
0
0
%
	c
o
m
p
le
t
e
d
	

– 
F
W
:	9
4
%
	c
o
m
p
le
t
e
d
	

n
 
Layer-3	Ladder	
– 

5
	o
u
t
	o
f
	7
+
2
	la
d
d
e
r
s
	(
5
6
%
)
	c
o
m
p
le
t
e
d
	

n
 
Layer-4	Ladder	
– 

3
	o
u
t
	o
f
	1
0
+
2
	la
d
d
e
r
s
	(
2
5
%
)
	c
o
m
p
le
t
e
d
	

n
 
Layer-5	Ladder	
– 

4
	o
u
t
	o
f
	1
2
+
3
	la
d
d
e
r
s
	(
2
7
%
)
	c
o
m
p
le
t
e
d
	

n
 
Layer-6	Ladder	
– 

3
	o
u
t
	o
f
	1
6
+
4
	la
d
d
e
r
s
	(
1
5
%
)
	c
o
m
p
le
t
e
d
	

(at	the	m
id	of	Sep.,	2016)	

n
 
Com

ple6on	of	the	ladder	produc6on	by	
N
ov.	2017	is	expected.	
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FW
	

BW
	

Layer-3	

Layer-4	

Layer-5	

Layer-6	
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n
 
SVD	assem

bly	at	KEK	is	our	final	step	to	com
plete	the	construc6on	of	SVD.	

– 
S
V
D
	a
s
s
e
m
b
ly
	p
r
o
c
e
d
u
r
e
	m

u
s
t
	b
e
	s
a
f
e
	a
n
d
	w
e
ll	e

s
t
a
b
lis
h
e
d
,	o
t
h
e
r
w
is
e
	a
n
y
	m

is
t
a
k
e
	c
a
n
	

d
e
s
t
r
o
y
	a
ll	m

o
u
n
t
e
d
	la
d
d
e
r
s
	a
t
	o
n
c
e
.	N

o
w
	t
o
o
ls
	f
o
r
	t
h
e
	s
a
f
e
	S
V
D
	a
s
s
e
m
b
ly
	a
r
e
	b
e
in
g
	

d
e
v
e
lo
p
e
d
.	

n
 
Prototypes	of	all	necessary	assem

bly	tools	have	been	produced.	The	prelim
inary	

procedure	w
as	review

ed	by	a	review
-com

m
iz
ee	including	external	m

em
bers.	

n
 
W
e	w

ill	finalize	the	tool	by	Feb.	2017	and	consequently	w
ill	start	the	SVD	

assem
bly.
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Ladder	m
ount	tool�

CO
2	pipe	a`achm

ent	tool�
So[therm

	a`achm
ent	tool�
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n
 
Hadron	beam

	(120	GeV/c)	at	CERN
-SPS	

in	Jun.	2015	
– 

T
e
s
t
	f
o
r
	a
	L
a
y
e
r
-
5
	la
d
d
e
r
.	

n
 
e
-	beam

	(2-5	GeV/c)	at	DESY	in	Apr.	2016	
– 

T
e
s
t
	f
o
r
	la
d
d
e
r
s
	in
	a
ll	4

	la
y
e
r
s
	(
L
a
y
e
r
-
3
	–
	6
)
.	

– 
S
V
D
	+
	P
X
D
	c
o
m
b
in
e
d
	s
e
t
u
p
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S
o
le
n
o
id
	

m
a
g
n
e
t

S
V
D
+
P
X
D
	w
e
r
e
	

c
o
n
t
a
in
e
d
	in
	t
h
e
	b
o
x
.

in
s
e
r
t
	S
V
D
+
P
X
D
		

in
t
o
	m

a
g
n
e
t

e
-
	b
e
a
m

Beam
	test	setup	

(@
	DESY	T24/1	hall)�

SVD	ladders

PXD

SVD	+	PXD	detector	setup	on	Apr.	2016�



KEK	(High	Energy	Accelerator	Research	O
rganiza6on)	

n
 SN

Rs	in	both	p-	and	n-strips	
are	w

ell	higher	than	10.	

9
/
2
6
/
1
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p-strips
n-strips

Signal-to-noise	raJo	(SN
R)	of	a	tested	DSSD	(O

-Z)�
C
W
:	C

lu
s
t
e
r
	W

id
t
h

C
W
:	C

lu
s
t
e
r
	W

id
t
h

C
W
	=
	1
	

w
/o	cooling	

w
/	cooling	

p-strips	
1
8
.1
	

2
1
.1
	

n-strips	
3
0
.9
	

3
5
.1
	

CO
2	cooling	im

proves	the	SN
R	

SN
R	before	and	a[er	CO

2	cooling	(-20°C)�
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-direction
φ

strip num
ber r-

250
300

350
400

450
500

550
600

650

 [%]∈ efficiency 

98

98.2

98.4

98.6

98.8 99

99.2

99.4

99.6

99.8

100

5_1_3 u

strip num
ber z-direction 

200
250

300
350

400

 [%]∈ efficiency 

98

98.2

98.4

98.6

98.8 99

99.2

99.4

99.6

99.8

100

5_1_3 v

m
]

µ
resid

u
als v [

-200
-150

-100
-50

0
50

100
150

200

num ber o f h its

0 50

100

150

200

250

300

350

E
n

tries 
4458

R
M

S
 

25.87
/ n

d
f 

2
�

66.94 / 41
C

o
n

stan
t 

6.3
±

347.7 
M

ean
 

0.3765
±

0.2164 
S

ig
m

a 
0.25

±
24.87 
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n
 
Excellent	SVD	
perform

ance	w
as	

confirm
ed	from

	beam
	

test	data.	
– See	m

ore	details	in	
Thom

as	Lück’s	poster	
presenta6on.	

S
V
D
	la
d
d
e
r
s
	

Tracking	event	display�
Residual	distribuJon

�

m
]

µ
resid

u
als u

 [
-60

-40
-20

0
20

40
60

num ber o f h its

0 50

100

150

200

250

300

350

E
n

tries 
4458

R
M

S
 

11.23
/ n

d
f 

2
�

92.07 / 54
C

o
n

stan
t 

6.1
±

309.2 
M

ean
 

0.1579
±

0.3776 
S

ig
m

a 
0.13

±
10.43 

residuallayer
4
in
u-direction

Layer-3	
p-strips	

Layer-3	
n-strips�

O
bserved	good	posi6on	resolu6ons.	

They	are	consistent	w
ith	our	expecta6on.

prelim
inary�

prelim
inary�

DSSD	hit	effi
ciency�

prelim
inary�

prelim
inary�

Layer-5	p-strips	
Layer-5	n-strips	

Excellent	hit	effi
ciencies	m

ore	than	99%
.

S
V
D
	a
n
a
ly
s
is
	s
o
m
w
a
r
e
	d
e
v
e
lo
p
m
e
n
t
	w
ill	b

e
	

p
r
e
s
e
n
t
e
d
	in
	p
o
s
t
e
r
	s
e
s
s
io
n
	b
y
	G
ia
c
o
m
o
	C
a
r
ia
.

σ=10um
�

σ=24um
�
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SVD
�

PXD	

n
 
Single	Crystal	Diam

onds,	
scCVD	4.5x4.5x0.5	m

m
3		

– 
H
ig
h
	r
a
d
ia
T
o
n
	t
o
le
r
a
n
c
e
	

– 
S
m
a
ll	t

e
m
p
e
r
a
t
u
r
e
	d
e
p
.	

– 
S
im

p
le
	a
n
d
	c
o
m
p
a
c
t
	d
e
t
e
c
t
o
r
	

s
t
r
u
c
t
u
r
e
	

n
 
Current	m

easurem
ent	w

ith	
long	high-quality	cabling
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6 +
 6 diam

ond sensors	
SV

D
 Layer-3 and -4	

4 +
 4 diam

ond sensors	
PX

D
-beam

 pipe	

Prototype	sensors	are	produced.	
They	w

ere	tested	in	SuperKEKB	
beam

s.
InstallaJon	locaJons�

s
c
C
V
D

] -1
m
µ

LE
R

 Inverse B
eam

 size (X
-ray M

onitor) [
0

0.005
0.01

0.015
0.02

0.025
0.03

0.035
0.04

0.045

B W _0 curren t [nA ]

0

0.2

0.4

0.6

0.8 1

1.2

/ ndf 
2
�

0.2297 / 1345

p0 
0.00125

±
0.1294 

p1 
0.05941

±
2.065 

/ ndf 
2
�

0.2297 / 1345

p0 
0.00125

±
0.1294 

p1 
0.05941

±
2.065 

/ ndf 
2
�

0.8598 / 1344

p0 
0.002416

±
0.3225 

p1 
0.1124

±
6.167 

/ ndf 
2
�

0.8598 / 1344

p0 
0.002416

±
0.3225 

p1 
0.1124

±
6.167 

/ ndf 
2
�

2.183 / 1304

p0 
0.005658

±
0.568 

p1 
0.353

±
19.36 

/ ndf 
2
�

2.183 / 1304

p0 
0.005658

±
0.568 

p1 
0.353

±
19.36 

run 3006

run 3007

run 3008

Hit	counts	vs.	Beam
	size	�

BG	enhancem
ent	due	to	

Touschek	effect	w
as	detected.

I
H
E
R
=
5
4
0
m
A

I
H
E
R
=
3
6
0
m
A

I
H
E
R
=
1
6
0
m
A
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High	Level	M
ilestones

Date
Ladder	m

ass-produc6on
O
N
	GO

IN
G

Start	of	SVD	assem
bly	at	KEK	

Feb.		2017
SVD	readiness	at	KEK

Dec.	2017
Start	of	PXD+SVD	integra6on

Dec.	2017
Start	of	VXD	installa6on

Jun.	2018
Start	of	physics	run

4Q
	2018
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n
 
SVD,	w

hich	is	essen6al	for	the	Belle	II	experim
ent,	

consists	of	4-layer	DSSD	ladders.	
n
 
SVD	ladder	produc6on	
– 

T
h
e
	la
d
d
e
r
	m

a
s
s
-
p
r
o
d
u
c
T
o
n
	a
t
	a
ll	a

s
s
e
m
b
ly
	s
it
e
s
	is
	o
n
	g
o
in
g
.	

n
 
SVD	assem

bly	at	KEK	
– 

A
ll	p

r
o
t
o
t
y
p
e
	t
o
o
ls
	w
e
r
e
	p
r
o
d
u
c
e
d
	a
n
d
	r
e
v
ie
w
e
d
.	

– 
T
h
is
	w
ill	b

e
	fi
n
a
liz
e
d
	b
y
	F
e
b
.	2
0
1
7
	t
o
	s
t
a
r
t
	t
h
e
	S
V
D
	a
s
s
e
m
b
ly
	a
t
	K
E
K
.	

– 
T
h
e
	S
V
D
	a
s
s
e
m
b
ly
	w
ill	b

e
	c
o
m
p
le
t
e
d
	b
y
	D
e
c
.	2
0
1
7
.	

n
 
Perform

ance	study	in	beam
	test	

– 
W
e
	o
b
t
a
in
e
d
	s
u
c
c
e
s
s
f
u
l	p
e
r
f
o
r
m
a
n
c
e
s
	o
f
	t
h
e
	t
r
a
c
k
in
g
,	p
o
s
iT
o
n
	

r
e
s
o
lu
T
o
n
,	a
n
d
	h
it
	e
ffi
c
ie
n
c
y
	f
o
r
	fi
n
a
l	S
V
D
	la
d
d
e
r
s
.

9
/
2
6
/
1
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2
3
	

C
s
I(
T
l)
	E
M
	c
a
lo
r
im

e
t
e
r
:	

w
a
v
e
f
o
r
m
	s
a
m
p
lin
g
	

e
le
c
t
r
o
n
ic
s
,	p
u
r
e
	

C
s
I	f
o
r
	e
n
d
c
a
p
s
	

R
P
C
	μ
	&
	K

L 	c
o
u
n
t
e
r
:				

s
c
in
T
lla
t
o
r
	+
	S
i-
P
M
	f
o
r
	

e
n
d
-
c
a
p
s
	

T
im

e
-
o
f
-
F
lig
h
t
,		A

e
r
o
g
e
l	

C
h
e
r
e
n
k
o
v
	C
o
u
n
t
e
r
	→

	

T
im

e
-
o
f
-
P
r
o
p
a
g
a
T
o
n
	

(
b
a
r
r
e
l)
,	p
r
o
x
.	f
o
c
u
s
in
g
	

A
e
r
o
g
e
l	R
IC
H
	(
f
o
r
w
a
r
d
)
		

4
	la
y
e
r
s
	D
S
	S
i	v
e
r
t
e
x
	

d
e
t
e
c
t
o
r
	→

	2
	la
y
e
r
s
	P
X
D
	

(
D
E
P
F
E
T
)
	+
	4
	la
y
e
r
s
	D
S
S
D
	

C
e
n
t
r
a
l	D

r
im
	C
h
a
m
b
e
r
:	

s
m
a
lle
r
	c
e
ll	s

iz
e
,	lo

n
g
	

le
v
e
r
	a
r
m
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2
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n
 

Sm
all	DSSDs	

– 
D
e
liv
e
r
y
	o
f
	2
4
	p
c
s
.	s
c
h
e
d
u
le
d
	f
o
r
	e
n
d
	

o
f
	S
e
p
t
e
m
b
e
r
	

– 
T
w
o
	m

e
c
h
a
n
ic
a
l	s
a
m
p
le
s
	a
v
a
ila
b
le
	

n
 

Large	DSSDs:		
– 

P
r
o
d
u
c
T
o
n
	fi
n
is
h
e
d
	

– 
1
5
0
	p
c
s
	in
	h
a
n
d
	

L
a
s
e
r
	d
ic
in
g
	

S
a
w
	d
ic
in
g
	P
r
o
t
o
t
y
p
e
s
	

B
a
d
	s
t
r
ip
	r
a
T
o
	=
5
%
	

P
-
im

p
la
n
t
	o
p
e
n
	

C
la
s
s
ifi
c
a
T
o
n
	o
f
	b
a
d
	s
t
r
ip
s
	(
ID
>
2
6
)
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Therm
al	

insulator�

Flex	circuit	hybrid
�

APV25
Therm

al	
insulator�

DSSD	array

APV25

Flex	circuits�

Support	
ribs	�

APV25

2
5
	

Layer	
Ins6tute	

3
	

M
e
lb
o
u
r
n
e
	(
A
U
S
)
	

4
	

T
IF
R
	In
d
ia
	@

	IP
M
U
	

5
	

H
E
P
H
Y
	V
ie
n
n
a
	

6
	

IP
M
U
	T
o
k
y
o
	U
	

F
W
	&
	B
W
	

IN
F
N
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control	signals	

FADC	x48	FTB
	x48	

flash	ADC	

zero-sup.	

data	format	

data	

format	

B
2
L
	

A
u
r
o
r
a
	

CO
PPER	

H
S
L
B
	

D
A
Q
	

PXD	system
	

P
X
D
	R
o
I	

data	flow
	

Belle	II	SVD	

Buffer	x4	
FADC-Ctrl	

B2TT	decoder	

APV	Trig.	Gen.	

c
o
p
p
e
r
	

c
a
b
le
s
	

FADC	control	

V
M
E
	

b
a
c
k
p
la
n
e
	

clock,	
trigger,	
reset	…

	

clock,	
trigger,	
reset	…

	

belle2z
	

1748	
APV25’s	

~
2
m
	

c
o
p
p
e
r
	

c
a
b
le
s
	

Junc6on	
boards	
(	signal	

repeater	)	

~
1
0
m
	

c
o
p
p
e
r
	

c
a
b
le
s
	

2
6
	

clock,	
trigger,	
reset	…

	

SVD	readout	system
	

APV25	chips	

DATCO
N
	

FTSW
	

S
V
D
	r
e
a
d
o
u
t
	s
y
s
t
e
m
	is
	

d
r
iv
e
n
	b
y
	3
2
M
H
z
	c
lo
c
k
.	

basf2
InteracJon	Region

�
Dock	Area

�
Top	of	the	Belle	II	detector�

E-hat	2F�

9
/
1
4
/
1
6

10th V
X
D

 w
orkshop
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§ 
S
u
p
p
ly
	H
V
	a
n
d
	L
V
	t
o
	D
S
S
D
	

a
n
d
	A
P
V
2
5
.	

§ 
D
C
/
D
C
	c
o
n
v
e
r
t
e
r
	

§ 
J
o
in
t
	s
ig
n
a
ls
	b
e
t
w
e
e
n
	

A
P
V
2
5
	a
n
d
	F
A
D
C
	b
o
a
r
d
.	

2
7
	

2
	p
r
o
t
o
t
y
p
e
s
	f
o
r
	p
-
	a
n
d
	n
-
s
id
e
s
	

D
C
/
D
C
	c
o
n
v
e
r
t
e
r
s
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n
 
High	signal	density	
– 

r
e
a
d
o
u
t
	4
8
	A
P
V
2
5
	o
u
t
p
u
t
s
	

n
 
APV25	signal	processing	
on	FADC	
– 

a
n
a
lo
g
	le
v
e
l	c
o
n
v
e
r
s
io
n
	(
A
C
	

c
o
u
p
lin
g
)
	

– 
1
0
-
b
it
	A
D
C
	

– 
F
P
G
A
	(
S
t
r
a
T
x
	IV

)
	d
a
t
a
	

p
r
o
c
e
s
s
in
g
	

n
 
F
IR
	fi
lt
e
r
	

n
 
C
o
m
m
o
n
-
M
o
d
e
	C
o
r
r
e
c
T
o
n
	

n
 
Z
e
r
o
-
S
u
p
p
r
e
s
s
io
n
	

– 
d
a
t
a
	t
r
a
n
s
m
is
s
io
n
	t
o
	F
T
B
	

2
8
	

prototype	FADC	board	

signals	from	48	x	APV25	

FTB	board	

VME	9U	
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n
 
W
e	w

ill	have	4	crates	w
ith	FADC	m

odules	
n
 
O
ne	has	single	FADC-Controller	
– 

R
e
c
e
iv
e
s
	F
T
S
W
	s
ig
n
a
ls
	

– 
D
is
t
r
ib
u
t
e
s
	c
lo
c
k
,	t
r
ig
g
e
r
	a
n
d
	o
t
h
e
r
	c
o
n
t
r
o
ls
	t
o
	a
ll	B

u
ff
e
r
	

n
 
Each	crate	has	single	Buffer	m

odule	
– 

R
e
c
e
iv
e
s
	F
A
D
C
-
C
o
n
t
r
o
lle
r
	s
ig
n
a
ls
	

– 
D
is
t
r
ib
u
t
e
s
	s
ig
n
a
ls
	t
o
	F
A
D
C
s
	t
h
r
o
u
g
h
	b
a
c
k
p
la
n
e
	b
u
s
	

1
st	prototype	of	FADC-Controller	board	

Buffer	board	

F
T
S
W
	

4	Buffer	board	

FPGA	
STRATIX	IV	

FPGA	
CYCLO

N
	II	

buffers	

GbE	
interface	

FADC-Controller	board	

All	FADC	boards	in	a	crate	

buffers	

2
9
	


