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New trends

• R e c e n t  H i s t o r y
• R e v i e w  o f  t h e  p r o b l e m
• S i l i c o n

– N o v e l  g e o m e t r i e s :  M A P S ,  3 D ,  D e f e c t  e n g i n e e r i n g :  C o l d ,  
O x y g e n a t e d

• ‘ N e w ’  m a t e r i a l s
– D i a m o n d ,  a m o r p h o u s  s i l i c o n ,  S i l i c o n  c a r b i d e

• O t h e r  i d e a s …
– D e p f e t ,  n e w  p i x e l  l a y o u t
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Potted history

• R e w i n d  t w e l v e  y e a r s  ( p r e - w e b ! ) :
– S i l i c o n  d e t e c t o r s  o p e r a t e d  t o  1 0 0 V

– I r r a d i a t i o n s  t o  1 0 13 n e u t r o n s / c m 2 s t a r t e d ,  d i d n ’ t  l o o k  
p r o m i s i n g

– S o m e  L E P  d e t e c t o r s  s h o w i n g  r a d i a t i o n  d a m a g e

– D o u b l e  s i d e d  d e t e c t o r s  l o o k e d  g o o d  ( ? )

– A n a l o g u e  e l e c t r o n i c s ,  w a t e r  c o o l i n g ,  c o p p e r  p o w e r  a n d  r e a d o u t ,  
O S 9 ,  P A W ,  F O R T R A N ,  d i a l & r e a d  d e t e c t o r  t e s t i n g …
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Recent history

• L a s t  t e n  y e a r s  o f  H E P  i n v e s t i g a t i o n s  f o r  L H C
• O r d i n a r y  p h o t o d i o d e s  i n v e s t i g a t e d  i n  n e u t r o n ,  p r o t o n  a n d  g a m m a  s o u r c e s  
r e v e a l s  i n i t i a l l y  t h a t  t h e  l e a k a g e  c u r r e n t  i n c r e a s e s  b u t  a n n e a l s .  I n c r e a s e  
i n  o p e r a t i n g  v o l t a g e  a l s o  s e e n ,  a n d  c a p a c i t a n c e  e f f e c t s .  ( R D 2 ,  R D 2 0 )

• I n c r e a s e  i n  o p e r a t i n g  v o l t a g e  s e e n  t o  f u r t h e r  i n c r e a s e  a f t e r  i r r a d i a t i o n ,  
a n d  b e  v e r y  t e m p e r a t u r e  d e p e n d e n t .  ( U C S C ,  R D 2 0 ,  R D 2 ) .  M o d e l  p r o p o s e d  
b y  L i n d s t r o m , F r e t w u r s t .

• F i r s t  p r o j e c t i o n s  o f  t h e  m o d e l  t o  L H C  s c e n a r i o  s h o w  t h e  d e t e c t o r s  a r e  
u n w o r k a b l e  u n l e s s  k e p t  c o l d ,  a n d  e v e n  t h e n  t h e r e  i s  a  d a n g e r .  P r i n c i p l e  
p r o b l e m  i d e n t i f i e d  a s  t h e  d e p l e t i o n  v o l t a g e .

• A l l  s u b s e q u e n t  i m p r o v e m e n t s  t o  L H C  d e t e c t o r s  h a v e  c o n c e n t r a t e d  o n  t h e  
d e p l e t i o n  v o l t a g e  p r o b l e m .
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Todays sn ap sh ot

• D e t e c t o r s  f a r  m o r e  r o b u s t ,  b u t  c o o l e d
– O p e r a t e  r o u t i n e l y  t o  5 0 0 V

– E v a p o r a t i v e  o r  r e f r i g e r a n t  c o o l i n g

– R o u t i n e  i r r a d i a t i o n s  t o  > 3  x  1 0 14 n / c m 2

• S y s t e m s  e v o l u t i o n
– O p t i c a l  r e a d o u t

– C a b l e s ,  h y b r i d s  m o r e  a d v e n t u r o u s

– T e s t i n g  w i t h L a b V i e w ,  L i n u x ,  C + + ,  N I - V X I  o r  P C I  ( U S B  s o o n ? ) ,  
l o g i c  i n F P G A s …
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A modern module

QuickT ime™ and a T IFF (Uncompressed) decompressor are needed to see this picture.
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Review of radiation problems (1)

• M o s t  o b v i o u s :  L e a k a g e  
c u r r e n t ,  g i v i n g  r i s e  t o  
n o i s e
– N o t  s u c h  a  p r o b l e m  a t  
s m a l l  s h a p i n g  t i m e s

– 3 . 9 9  x  1 0 -1 7 A / c m  ( 1 M e V  n )

• ‘ L H C  e r a ’  p r o b l e m  o f  
d e p l e t i o n  v o l t a g e  r i s i n g  
b e y o n d  o p e r a b l e  l i m i t s

Michael Moll, CERN
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Review of radiation problems(2)

• ‘ R e v e r s e  a n n e a l i n g ’
– D e p l e t i o n  v o l t a g e  

c o n t i n u e s  t o  c h a n g e  
a f t e r  i r r a d i a t i o n

– S t r o n g l y  t e m p e r a t u r e  
d e p e n d e n t

• ‘ H a m b u r g  m o d e l ’

∆Ν∆Ν∆Ν∆Νeff(ΦΦΦΦeq,t) = Na(ΦΦΦΦeq,t) +   NC(ΦΦΦΦeq,t) +   NY(ΦΦΦΦeq,t)
= beneficial annealing + stable damage + reverse annealing
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Review of radiation problems(3)

• T r a p p i n g :  s o m e  
c h a r g e  s i m p l y  
‘ d i s a p p e a r s ’

• S e c o n d a r y  e f f e c t s :  
i n c r e a s e  i n  
c a p a c i t a n c e

Gregor 
Kramberger, 
Ljubljana

Richard
Wheadon, RD20
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Looking forward

• N e w c o l l i d e r s  m a y  b e  t e n  t i m e s  t h e  l u m i n o s i t y  o f  L H C
– P r i n c i p l e  c h a l l e n g e  ( f o r  a n  S C T )  i s  i n  t h e  s e n s o r s
– D e p l e t i o n  v o l t a g e  r e m a i n s  a  p r o b l e m
– T r a p p i n g  b e c o m e s  m o r e  s i g n i f i c a n t

• D i f f e r e n t  a p p r o a c h e s  a d o p t e d
– G e o m e t r i c a l :  r e d u c e  t h e  c o l l e c t i o n / d e p l e t i o n  

d i s t a n c e  s o  a  l o w e r  v o l t a g e  c a n  b e  u s e d
– M a t e r i a l :  t r e a t  t h e  s i l i c o n  o r  u s e  a  d i f f e r e n t  

m a t e r i a l  t o  r e d u c e  r a d i a t i o n  d a m a g e
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MAPS: Monolithic active pixel sensors

• S e n s i t i v e  d e t e c t o r  l a y e r  i s  m a n u f a c t u r e d  w i t h  t h e  
e l e c t r o n i c s
Active Pixel Sensor
tech nolog ies h a ve b een
a rou nd  since 1 9 9 3  f or
com m ercia l a p p lica tion
Sp ecif ic d esig ns 
req u ired  f or H E P
a p p lica tion ( 1 9 9 9 )
G rou p s:  Stra sb ou rg ,  R AL  ( th a nk s: R ena to T u rch etta )NIM A458(2001) 677-689
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MAPS tests

First prototype: 512x512
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MAPS design for HEP/space

• S p e c i f i c  d e s i g n  
n e c e s s a r y :
– T o  i n c r e a s e  a c t i v e  a r e a  

r a t i o
– L o w  n o i s e ,  h i g h  d y n a m i c  

r a n g e ,  f a s t e r
– T h i n  s e n s o r s  f o r  r e d u c e d  

m a t e r i a l
– S e n s o r s  s h o u l d  b e  l a r g e r  

t h a n  t h e  r e t i c l e
– R a d i a t i o n  r e s i s t a n c e

a l r e a d y  a c h i e v e d

s p e c i f i c  C M O S  d e s i g n

B a c k t h i n n i n g  t o  5 0 µ m  a c h i e v e d

S t i t c h i n g  o r  c l e v e r  d i c i n g  
i n v e s t i g a t e d
A p p l y  b i a s  t o e p i t a x i a l  l a y e r



S. Roe, Erice 28 September-4 October 2003  

MAPS beam tests

– 9 9 . 5 %  e f f i c i e n c y

– S / N  o f  4 0  ( 2 0 µ m  
t h i c k e p i t a x y )

– 1 . 5 µ m  r e s o l u t i o n  o n  
2 0 µ m  p i t c h

– D e t e r i o r a t i o n  s e e n  a t  
6 k G y ,  1 0 11 p / c m 2
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MAPS for the future

• R a d i a t i o n  h a r d n e s s  n e e d s  

t o  b e  a d d r e s s e d

– P r e s e n t  d e s i g n  u s e s  
d i f f u s i o n  s o  i s  s l o w  a n d  
p r o n e  t o  c a r r i e r  l i f e t i m e  
d e g r a d a t i o n  ( t r a p p i n g )

– A p p l y i n g  a  d e t e c t o r  b i a s  
s h o u l d  b e  p o s s i b l e  t o  
s p e e d  c o l l e c t i o n  a n d  
m i n i m i z e  t r a p p i n g

potential

Biasing
structure
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‘3D’ detectors

• U s i n g  M E M S  ( m i c r o  
e l e c t r o  m e c h a n i c a l  
s y s t e m s )  t e c h n i q u e s ,  
v e r t i c a l  j u n c t i o n s  a r e  
m a d e  ( M B C , B r u n e l ,  
H a w a i i )

� NIMA 395 (1997) 328
� IEEE Trans Nucl Sci 46 4 (1999) 1224
� IEEE Trans Nucl Sci 48 2 (2001) 189
� IEEE Trans Nucl Sci 48 6 (2001) 2405
� IEEE Trans Nucl Sci 48 5 (2001) 1629
� CERN Courier, Vol 43, Number 1, Jan 2003

With thanks to: Cinzia daVia



S. Roe, Erice 28 September-4 October 2003  

3D- p r o c e s s i n g

• U n d e r g o i n g  t e s t s  f o r  T O T E M :  
e d g e l e s s  o p e r a t i o n  i s  
i m p o r t a n t

A trench is etched and 
doped to make a contact

After the first steps, the material around the 
detectors is etched away and the support 
removed: no sawing is required
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3D: ‘Edgeless’ detectors

�30 µm pitch strips
�240 µm thick
�n-type silicon
�ρ=10 kΩcm
�3 x 4 mm2

GUARD RING
Sinks surface leakage current

E-field
p + Al

n + Al

E-field
p + + Al

n ++ Al

n ++ Al

Microcracks, chips etc..

Planar 3D
Sinks surface leakage current



S. Roe, Erice 28 September-4 October 2003  

3D: ‘Edgeless’ detectors

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 50 100 150 200 250 300 350 400

Position (microns)

S
ig

n
al

 (a
.u

.)

Strip 1

Strip 2

20 Volts Bias

• X  r a y m i c r o b e a m  s c a n n e d  
a c r o s s  t h e  d e t e c t o r

• M e a s u r e d  ‘ d e a d ’  r e g i o n  i s  o n l y  
5 µ m  a t  t h e  e d g e  o f  t h e  
d e t e c t o r
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3D: Radiation hardness

MIP

• I r r a d i a t e d  t o  1 0 15 p / c m 2

– B i a s  v o l t a g e  4 0 V  ( m a x  
b e n e f i c i a l  a n n e a l i n g )

– R i s e t i m e  3 . 5 n s ,  < 1 0 n s  w i d t h
– C C E  6 0 %
– I r r a d i a t e d ,  s t o r e d ,  m e a s u r e d  

a t  2 0 ° C

• R e s u l t s  a l s o  e x i s t  f o r  2 x 1 0 15

p / c m 2

– D i f f e r e n t  s t o r a g e  c o n d i t i o n s



S. Roe, Erice 28 September-4 October 2003  

Cold Silicon

• R e l i e s  o n  f r e e z i n g  o f  
t h e  c o n t r i b u t i n g  
t r a p s
– R e q u i r e s  1 4 0 K  o r  

b e l o w
– A d d r e s s e s  b o t h  

o p e r a t i n g  v o l t a g e  a n d  
c h a r g e  t r a p p i n g  
p r o b l e m

Thanks to: Gennaro Ruggiero
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Cold silicon: Lazarus effect

• T r a p  e m i s s i o n  t i m e  b e c o m e s  v e r y  l o n g
– T r a p s  f i l l  u p  a n d  n o  l o n g e r  c o n t r i b u t e  t o  e l e c t r i c a l

b e h a v i o u r

T = 77 K

 Banda di conduzione

Banda di valenza

e

h

trap filled

e

h
trap filled

T = 300 K

e

h

hole trapping

electron de-trapping

hole de-trapping

electron trapping

Banda di conduzione

Banda di valenza
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Cold silicon

• B o t h  f o r w a r d  a n d  r e v e r s e  b i a s i n g  
i s  p o s s i b l e

• E d g e l e s s  o p e r a t i o n  i s  b e i n g  
i n v e s t i g a t e d
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QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.
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Oxygenated silicon

• D e f e c t  k i n e t i c s  a p p r o a c h
– A t t e m p t s  t o  u n d e r s t a n d  

t h e  m i c r o s c o p i c  c a u s e s  o f  
r a d i a t i o n  d a m a g e

– F i r s t  s t u d i e s  i m p l i c a t e d  
o x y g e n  a n d  c a r b o n  i n  t h e  
d e f e c t  c r e a t i o n   p r o c e s s

– D i f f u s i o n  o x y g e n a t e d  f l o a t  
z o n e  s i l i c o n  ( D O F Z )  
i n v e s t i g a t e d 0 1 2 3 4 5

Φ24 GeV/c proton [1014 cm-2]
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Thanks to: Michael Moll
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New materials

• ‘ N e w  m a t e r i a l  s y n d r o m e ’  
– O t h e r  m a t e r i a l s  n o t  a s  c o m m e r c i a l l y  i m p o r t a n t  a s  s i l i c o n ,  t e n d  

t o  b e  t e c h n o l o g i c a l l y  l e s s  m a t u r e
– T y p i c a l  p r o b l e m s  a r e  t r a p p i n g  a n d  o b t a i n i n g  u n i f o r m  m a t e r i a l  

( a n d  m o n e y )

H
yp

e

Time

Peak of 
expectations

Trough of 
disappointment

Plateau of 
productivity
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Amorphous silicon

• H y d r o g e n a t e d  a m o r p h o u s  
s i l i c o n
– I n i t i a l  w o r k  ( 1 9 8 5 - 1 9 9 5 )  

p r o d u c e d  o n l y  s m a l l  s i g n a l s

– M A P S  a p p r o a c h  n o w  b e i n g  
t r i e d

• L a y e r s  o f  1 0 - 3 0 µ m  c a n  b e  
d e p o s i t e d

• A i m  i s  t o  f u l l y  d e p l e t e  a n d  
a c h i e v e  c h a r g e  t r a n s i t i o n  o f  1 0 n s  
o r  l e s s

Thanks To: Pierre Jarron
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Amorphous silicon: technology

• P l a s m a  E n h a n c e d  
C h e m i c a l V a p o u r  
D e p o s i t i o n  ( P E C V D )
– L o w  t e m p e r a t u r e  
( 2 2 0 ° C )

– 6  h o u r s  f o r  a  3 0 µ m  
l a y e r

– S i l a n e  d e c o m p o s i t i o n  



S. Roe, Erice 28 September-4 October 2003  

Amorphous silicon: properties

• c - S i

Density [g/cm3] 2 . 3

H o l e mo b il ity [cm2 /V s] 1 3 5 0

E l ectr o n mo b il ity[cm2 /V s] 4 8 0

B a nd ga p  [eV ] 1 . 1 2

W  [eV ] 3 . 6

• A - S i : H

2 . 2 5

2 - 5

0 . 0 0 5

1 . 7 - 1 . 8

4 - 4 . 8

• B a nd  str u ctu r e is co mp l ex  

• Def ect d ensity is ~ 1 0 1 5 /cm3,  ch a r ge l if etime d ep end s str o ngl y o n th is

• T r a p p ing sites ( incl .  R a d ia tio n p r o d u ced )  a r e co mp ensa ted  b y h igh l y 
mo b il e H
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Amorphous silicon: devices

• M u l t i l a y e r  c o m p o s i t i o n
– B o t t o m  t h i n  n - d o p e d  l a y e r  

( 2 0 n m )
– M i d d l e  t h i c k  i - l a y e r  ( 5 -

3 0 µ m )
– T o p  t h i n  p - d o p e d  l a y e r  

( 4 0 n m )
– I n d i u m  T i n  O x i d e  ( 1 0 0 n m )
– 1 3 µ m  a n d  3 0 µ m  t h i c k  l a y e r  

d e v i c e s  h a v e  b e e n  m a d e  
w i t h  9 4  x  6 8 µ m  p i x e l s
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Amorphous Silicon: DC characteristic

• L e a k a g e  c u r r e n t
– P i x e l  l e a k a g e  1 0 n A  a t  
2 0 0 V ,  4 0 n A  a t  2 5 0 V

– ‘ s o f t ’  b r e a k d o w n  
c h a r a c t e r i s t i c

• D e p l e t i o n
– F u l l  d e p l e t i o n  ~ 4 0 0 V  
f o r  3 0 µ m
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Amorphous silicon:signal response

• R e s u l t s  s h o w n  f o r  3 0 µ m  t h i c k  l a y e r
– S i g n a l  o f  2 4 0 0  e - / 3 0 µ m  ( n o t  f u l l y  d e p l e t e d ! )
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Amorphous silicon: in beam

• M a c r o p a d  c h i p  u s e d
– 6  x  8  p i x e l s ,  3 8 0 µ m  p i t c h ,  2 0  e - E N C ,  1 3 0 n s  p e a k i n g  t i m e
– S t i l l  v e r y  p r e l i m i n a r y !
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Diamond

Thanks to: Alexander Oh

• R D 4 2  l e a d s  t h e  w a y . .
– W o r k i n g  w i t h  E l e m e n t  S i x  

t o  i m p r o v e  p r o p e r t i e s

– P o l y c r y s t a l l i n e  s i l i c o n  
c h a r a c t e r i z e d  i n  t e r m s  o f  
‘ c o l l e c t i o n  d i s t a n c e ’  
( m e a s u r e  o f  c h a r g e  
l i f e t i m e / t r a p p i n g )

– 5 ”  w a f e r s  p o s s i b l e
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Diamond properties

• P o l y c r y s t a l l i n e  d i a m o n d
– P r o d u c e d  b y  C V D
– B a n d g a p  5 . 4 7
– I o n i z a t i o n  e n e r g y  1 3 e V

• S m a l l e r  s i g n a l
• B e t t e r  r a d i a t i o n  p e r f o r m a n c e
• L o w  l e a k a g e  c u r r e n t

– H i g h  m o b i l i t y
– C h a r g e  c o l l e c t i o n <  1 0 0 %

• M I P  s i g n a l  1 . 9  s m a l l e r  
t h a n S i  f o r  s a m e  X 0
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Diamond properties

• S e n s i t i v e  t o  
m e t a l l i z a t i o n  p r o c e s s
– E . g  C r / A u ,  T i / A u ,  T i / W …

• F o r  f u l l  c o l l e c t i o n  n e e d  
~ 1 V / µ m
– P o l y c r y s t a l l i n e  s t r u c t u r e  

s t i l l  i n f l u e n c e s  r e s o l u t i o n  
( l a t e r a l  f i e l d )
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Diamond: radiation hardness

• S t u d i e d  w i t h  v a r i o u s  
p a r t i c l e s
– M o r e r a d - h a r d  t o  

c h a r g e d  h a d r o n s  t h a n  
n e u t r o n s

• S u r v i v e s  2 . 9 x 1 0 15 / c m 2 p i o n s

• T h i s  g i v e s  5 0 %  o f  c h a r g e
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New: m o n o c r y s t a l l i n e d i a m o n d

• L e s s  d e f e c t s

– N o  g r a i n  b o u n d a r y  
p r o b l e m

– C o l l e c t i o n  s a t u r a t e s  
a t  0 . 2 V / µ m

– 1 0 0 %  e f f i c i e n t
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Diamond: pixel detectors

polycrystalline
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Diamond detectors

• C M S  r e s u l t s :  3 1 µ m  r e s o l u t i o n ,  9 0 %  e f f i c i e n c y
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Silicon Carbide

 
 

Property Diamond 4H SiC  Si 
Eg [eV] 5.5 3.3 1.12 
Ebreakdown [V/cm] 107 4·106 3·105 
µe [cm2/Vs] 1800 800 1450 
µh [cm2/Vs] 1200 115 450 
 vsat [cm/s] 2.2·107 2·107 0.8·107 
 Z 6 14/6 14 
εr 5.7 9.7 11.9 
e-h energy [eV] 13 8.4 3.6 
τh [s] 10-9 5·10-7 2.5·10-3 
Wigner En.[eV] 43 25 13-20 
 

• G r e a t  p r o m i s e
– G r e a t e r  

d i s p l a c e m e n t  
e n e r g y ,  s h o u l d  
b e  r a d i a t i o n  
h a r d

– M o r e  c h a r g e  
t h a n  d i a m o n d ,  
l e s s  t h a n  s i l i c o n

Thanks to: Camilla Ronnqvist, 
Michael Moll
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Silicon Carbide

• T e c h n o l o g y  s t i l l  
i m m a t u r e
– D e f e c t s  s e e n  i n  g r o w t h  

i n c l u d e  s t e p  b u n c h i n g ,  
c a r r o t s  a n d  m i c r o p i p e s

– P i p e s  m a y  
b e  m o b i l e

– E p i t a x i a l i s  
b e t t e r ,  b u t  
e x p e n s i v e

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.
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ASD

• A l t e r n a t i n g  s t r i p i x e l  
d e t e c t o r s
– P i x e l s  a r e  a l t e r n a t e l y  

c o n n e c t e d  t o  X / Y  r e a d o u t

– C h a r g e  s h a r i n g  a l l o w s  t h e  
X / Y  p o s i t i o n  t o  b e  
d e t e r m i n e d

– S m a l l  p i t c h  a l l o w s  
i n t e r p o l a t i o n  t o  g e t  < 1 µ m  
r e s o l u t i o n

Thanks to: V.Radeka, Z. Li
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ASD

• X Y  r e a d o u t  w i t h  
s i n g l e - s i d e d  
p r o c e s s i n g

– D o u b l e  m e t a l  
p r o c e s s

– 8 . 5 µ m  p i t c h

– 2 µ m  l i n e s

– 4  x  4  m m  c h i p
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Interleaved s tri p i x el detec to r

Cells 1000 x 80 µm

3 0 x 3 84  c ell a r r a y

I V  g o o d  t o  4 00V

Ca p a c i t a n c e 10p F  
f o r  3 c m st r i n g

F i r st  r esu lt s g i v e 
2 5 µm r eso lu t i o n
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DEPFET

p+

p+ n+

n

n+

totally depleted
n--substrate

internal gate

rear contact

source top gate drain bulk potential via  axis
top-gate / rear contact

V

potential minimum
for electrons

p-channel

p+

-

-

- -+

+

+
+

-- --
~1 µm

~300 µm

Designed for low noise; first transistor is on the detector
S u b strate is sideway s dep leted ( cf.  drift detectors)

J. Kemmer und G. Lutz, NIM A253 (1987) 365

Thanks to: Norbert Wermes
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DEPFET resolution

• N o i s e  o f  s i n g l e  p i x e l  
( 5 0 µ m  x  5 0 µ m )  
m e a s u r e d  a s  4 . 9  e - a t  
r o o m  t e m p e r a t u r e .  
– P e a k  r e s o l u t i o n  

l i m i t e d  b y F a n o  f a c t o r

– M a t r i c e s  m a d e  w i t h  
6 9  e - n o i s e  a t  3 5  C

2 3 4 5 6 7
0

100

200

300

400

500

600
55

F e k α @  5 ,89 keV
55

F e k β @  6 ,49  keV

F W H M  =  146 eV

pho to  escape 
peak

k β

k α

co
un

ts

E n e rg y [k eV ]

room temperature
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DEPFET: possibilities

• W a s  p r o p o s e d  f o r  T E S L A
– S i g n a l  &  p e d e s t a l  i n  f a s t  

m e m o r y  c e l l  ( 2 0 n s )

– H i t  d e c i s i o n  w i t h  f a s t  
c o m p a r a t o r

– D e c i s i o n  a n d  a n a l o g u e  v a l u e  
s t o r e d  i n  F I F O

– F a s t  d i g i t a l  s c a n n e r  f i n d s  a n d  
r e a d s  h i t s ;  e m p t y  F I F O  c e l l s  
a r e  s k i p p e d .

Marcel Trimpl, Peter Fischer
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Future DEPFET

• T e s t c h i p  1 . 5  x  4  m m  c o n t a i n s  a l l  b a s i c  b l o c k s
– D e s i g n e d  i n r a d  t o l e r a n t  0 . 2 5 µ m T S M C

– W o r k s  r o u g h l y  a s  a d v e r t i s e d
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Summary

• M a t e r i a l  a n d  g e o m e t r i c a l  
s o l u t i o n s  a r e  n o t  
e x c l u s i v e
– E . g .  c o l d  3 d

• D i a m o n d  l o o k s  m a t u r e  
e n o u g h  f o r  h y b r i d  p i x e l  
d e t e c t o r

• S i l i c o n  h a s  a  h a b i t  o f  
k e e p i n g  u p

• R & D  o n  t r a p p i n g  s t i l l  
r a t h e r  p r i m i t i v e

• P o w e r  w i l l  b e  a n  
i n c r e a s i n g  p r o b l e m

• N e w  s o l u t i o n s  a r e  
s t i l l  c o s t l y ,  m a y  
r e m a i n  s o ?


