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Ou t l in e

� From  SPAD to SiPM
� SiPM Technology 
� STM short  term  technology roadm ap
� SiPM package capability
� SiPM product  port folio and roadmap
� SMP35CN features

� Other Sensors Technologies
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Fr om  SPAD t o  SiPM

2 0 0 0  – Sin g le 
Pix el  SPAD

2 0 0 5  – Op t ica l l y  
I so lat ed  SPAD 

Ar r ay s

2 0 0 7  – SiPM
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ST SiPM t ech n o log y

P Enrichment

P+ Substrate

P+ AnodeN+ Cathode
P- Epitaxy

Optical Trench

N+ PolyARC

Sch em at ic cr oss sect ion SEM cr oss sect ion s

Poly-silicon Quenching
Resistor

N+ Poly

ARC

Poly-silicon Quenching
Resistor Active Area

Optical Trench

1 µm

� Shallow junct ion

� I n-situ doped poly-silicon cathode layer
� I ntegrated poly-silicon resistors

� Thin opt ical t rench with m etal filling

� Tunable Ant i- reflect ion coat ing

� Dedicated get tering techniques

� Double layer passivat ion
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SiPM Tech n o log y  sh or t  t er m  r oad m ap

Tod ay

N- on - P t ech n o log y

Low  d ar k  cu r r en t I n cr eased  f i l l  f act o r

Sin g le d ie
SiPM ar r ay

P- on - N  t ech n o log y

Pr ocess d em on st r at o r SiPM p r o t o t y p e

Fast er  r i se t im e
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STM p ack ag e cap ab i l i t y

Tr an spar en t  QFN pack age

Tr an spar en t  LGA pack age
Ar r ay  on  LGA 

su b st r a t e

QFN Ti le

TSV program  ongoing in STM

Developed with Philips 
cooperat ion in the 

fram ework of EU funded 
project  CSI
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Product Portfolio & Roadmap

SPM3 5 CN

N-on-P
QFN  5m mx5.5mm

3.5m mx3.5mm  act ive area

SPM1 0 CN

N-on-P
QFN  2.5m mx3mm
1x1mm  act ive area

SPM2 2 N

N-on-P
Single die array

SPM3 5 CP

P-on-N
QFN  5m mx5.5mm

3.5m mx3.5mm  act ive area
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Ar r ay  ar ea 3 .5 x 3 .5  m m 2

Nu m b er  o f  m icr oce l l s/ Fi l l  Fact o r 3 6 0 0 /  4 5 %

Qu en ch i n g  Resist o r  Va lu e 2 3 0  k

�

Br eak d ow n  Vo l t ag e ( BV) 2 8 .0  V

d BV/ d T 3 0 m V/ °C

Op er at in g  Ov er v o l t ag e Ran g e 1 V÷5 V OV

Gain 3 .2 x 1 0 6

Dar k  Cou n t  Den si t y  @ 0 .5  p .e . 0 .6  MHz/ m m 2

Af t er p u l sin g  Pr ob ab i l i t y <  3 %

Cr oss t a lk  Pr ob ab i l i t y † <  1 %

PDE @ 4 2 0  n m 1 6 %

SPTR @ 4 0 5  n m 1 8 0  p s

En er g y  Reso lu t ion  @ 5 1 1  KeV 1 2 %

Co in cid en ce Tim in g  Reso lu t ion  @ 5 1 1  KeV 3 2 0  p s

Pack ag e Tr an sp ar en t  QFN

Test  con d i t ion :  @ 3 V OV an d  2 5  °C

SPM3 5 AN Elect r o - Op t ica l  Per f o r m an ces Su m m ar y

SMP3 5 AN

3 .5 x 3 .5  m m 2 SiPM 
in  QFN p ack ag e
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SiPM p u lse sh ap e

�

Rise=95ps

�

quenching=2.7ns

�

recharging=72ns

An electric model has been developed using SPICE 
simulator in order to predict the electrical behavior of the 
device in different bias and illumination conditions*.

� 1100 p.e. 1250 p.e.

Op t ica l  Sou r ce PiLas @ 4 1 0  n m  
( FW HM

�

4 0  p s)
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Fr om  SiPM SPI CE Mod el



Main  r esu l t s on  l ar g e ar ea SI PM sam p les

3 .5 x 3 .5  m m 2 SiPM

Osci l loscop e p er sist en ce p ict u r e

2 .5  V OV
4 0 5  n m

3 .5 x 3 .5  m m 2 SiPM
3 .5  V OV
4 0 5  n m

Sin g le  p h o t oe lect r o n  ch ar g e sp ect r u m

PDE v s w av e len g t h

3 .5 x 3 .5  m m 2 SiPM
3 .5  V OV, 2 1  C

Dar k  Cou n t  Ra t e  v s Th r esh o ld

3 .5 x 3 .5  m m 2 SiPM
3 .5  V OV, 2 1  C

Ex cel len t  s in g le 
p h o t oelect r on  

r eso lu t ion

Well distinguished 
photoelectron peaks

• PDE @ 4 2 0  n m  
an d  3 .5  V OV 

�

1 7 %

• DKR d en si t y  @ 0 .5  
p .e. an d  3 .5  V OV 

�

0 .6  MHz/ m m 2
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Sou r ce Y.Mu sien k o

Sou r ce S.Ko r par Sou r ce A.Ron zh in



4 H- SiC Ph o t od iod es f o r  UV Lig h t  Det ect ion

UV Photodetectors

Ozon e m on i t o r s, 
p o l lu t ion  m on i t o r s Disin f ect ion  &  

W at er  p u r i f ier

UV m et er  &  UV w at ch

Pack in g  &  
Tan n in g  
ch eck er s

Flam e sen sin g  
&  w eat h er  

st at ion s

I n t er d ig i t  N i2Si  
Sch ot t k y  con t act

n+ substrate

n- epitaxial layer
buffer layer

UV l igh t

Ohmic contact

4H-SiC Schot tky photodiodes

TO p ack ag e w i t h  
UV g lass w in d ow

I n t er d ig i t  lay ou t

Dar k  Cu r r en t Resp on siv i t y

• W or k in g  in  l in ear  r eg im e ( i .e . zer o  ga in )

• Dar k  cu r r en t  o f  a  few  pA a lso  at  h igh  t em per at u r e

• Max  sen sit iv i t y  in  ph o t ov o l t a ic r eg im e ( 0  V)  in  t h e r an ge 20 0  n m ÷38 0  n m

• Peak  r esponsiv i t y  w av elen g t h  @ 2 90  n m  ( �4 5 %  QE)

• Ex cel len t  v is ib le  b l in dness

M.Mazzillo et al., IEEE Photonics Technology Letters, 2009.

4 H-SiC Ph ot od iod e Dem on st r at o r  
Boar d  f o r  UV I n d ex  Mon i t o r in g

M.Mazzillo et al., IEEE Sensors Journal, 2011.

Tech n o logy  st i l l  i n  en g in eer in g  p h ase!
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