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Beetle: Outline
• Beetle Specifications
• Beetle 1 . 1
• A nalog u e r ead ou t
• F r ont end
• C om par ator
• P ipeline /  M u ltiplex er
• C ontr ol L og ic

• BeetleF E  1 . 1
• P u lsesh ape
• E N C

• R esu lts fr om  T I D  ir r ad iation test
• M aj or  m od ifications tow ar d s Beetle 1 . 2
• N ex t steps /  ou tlook
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• analog / binary pipeline chip
• prov id ing a prom pt binary read ou t f or trigger applications
• integrated  in a s tand ard  0 . 2 5  µ m  C M O S  technology
• d es igned  f or:

• S ilicon V ertex  D etector
• P ile-u p V eto T rigger
• I nner T rack er
• R I C H  ( i n  c a s e  o f  M A P M T s )

Beetle: A Readout Chip for LHCb

Key Specifications:
• 4 0  M H z  s am pling
• m ax .  latency 4  µ s
• 4 0 /8 0  M H z  read ou t
• f as t s haping:

• trise ≤ 2 5  ns
• rem aind er 2 5  ns  af ter peak  ≤ 3 0 %

• accept u p to 1 6  cons ecu tiv e triggers
• read ou t tim e ≤ 9 0 0  ns  / trigger
• rad iation hard  ≥ 1 0  M rad



Beetle Overview
4

VELO Electronic Review 1 3 th J u ne 2 0 0 2 ,  La u s a nne

Sven Löchner
ASIC-L a b o r a t o r y ,  M a x -P l a n c k -In s t i t u t e  f o r  N u c l e a r  P h y s i c s  H e i d e l b e r g

Beetle Specification: L1 Interface
Rather well defined: http://l hc b -e l e c .w e b .c e r n .c h/l hc b -e l e c /htm l /k e y _ pa r a m e te r s .htm
• B u n c h  c r o s s i n g  r a t e : 4 0 . 0 8  M H z
• M a x i m u m  L 0  r a t e : 1 . 1  M H z
• L 0  l a t e n c y : 4 . 0  µs  =  1 6 0  c l o c k  p e r i o d s
• L 0  g a p : N o n e
• C o n s e c u t i v e  L 0  t r i g g e r s : m a x .  1 6
• L 0  t r i g g e r  t y p e s : o n l y  o n e  ( n o r m a l  t r i g g e r )
• S a m p l e s  t o  e x t r a c t  p e r  L 0  a c c e p t : o n e  p e r  c h a n n e l  ( m u l t i p l e  s a m p l e s  i f  r e q u i r e d )
• L 0 d e r a n d o m i z e r d e p t h : 1 6  e v e n t s
• L 0 d e r a n d o m i z e r r e a d o u t  t i m e : ( 3 2  +  2  +  2 )  *  2 5  n s  =  9 0 0  n s
• L 0  r e s t r i c t i o n s : e m u l a t i o n  o f  f r o n t -e n d  b u f f e r s  ⇒ p r e d i c t a b l e  r e l e a s e  o f d e r a n d o m i z e r b u f f e r s
• B u n c h  c r o s s i n g  c l o c k  a n d  L 0  d i s t r i b u t i o n : T T C  s y s t e m
• S y n c h r o n i z a t i o n  c h e c k s : a l l  e v e n t  d a t a  m u s t  c a r r y  s y n c h r o n i z a t i o n  c h e c k i n g  d a t a ⇒ P C N
• L o c a t i o n  a n d  q u a l i f i c a t i o n  o f  L 0  f r o n t -e n d  e l e c t r o n i c s

• 0 . 2 5  µm  C M O S  t e c h n o l o g y  &  s p e c i a l  d e s i g n  r u l e s  e n s u r e  r a d i a t i o n  h a r d n e s s  >  1 0  M r a d
• L 1  b u f f e r  i n p u t  s p e e d : 9 0 0  n s  m i n i m u m  s p a c i n g  b e t w e e n  e v e n t s
• L 0  f r o n t -e n d  r e s e t
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Specification: Detector Interface
Pile-up Veto VE L O I n n er  T r a c k er

Readout pitch f l ex ib l e,  4 0 -6 0  µ m f l ex ib l e,  4 0 -6 0  µ m
S ig n al  pol ar ity pos itiv e an d n eg ativ e pos itiv e an d n eg ativ e
P ul s e dis tr ib ution L an dau L an dau L an dau
M ean  s ig n al 1 1 . 0 0 0  e- / M I P 1 1 . 0 0 0  e- / M I P 1 1 . 0 0 0  e- / M I P
D etector  capacitan ce 1 0  pF 1 0  pF 3 0  pF
Req uir ed S / N >  1 4 ,  in depen den t f r om  ir r ad.
C oupl in g  to detector A C A C A C
S in g l e chan n el  l eak ag e cur r en t 0  ( A C  coupl in g ) 0  ( A C  coupl in g ) 0  ( A C  coupl in g )
Radiation  dos e >  2  M r ad/ y ear >  2  M r ad/ y ear
C hip s houl d s tan d l ar g e s ig n al s up to 4 0 0  M ips up to 4 0 0  M ips
D is tan ce to n ex t D A Q  s tag e 1 0  m 1 0  m 1 0  m
Req uir ed l in ear ity ≤ 5 %  ( ≤ 1 0  M I P )
S ig n al  tim e j itter <  5  n s <  5  n s
M ax im um  pow er  con s um ption <  6  m W  /  chan n el
S ig n al  peak in g  tim e ≤ 2 5  n s ≤ 2 5  n s ≤ 2 5  n s
F al l  tim e,  pul s e s pil l  ov er <  3 0 %  af ter  2 5  n s <  3 0 %  af ter  2 5  n s <  3 0 %  af ter  2 5  n s
A n al og ue pipel in e l en g th - 1 6 0  ( 4  µ s ) 1 6 0  ( 4  µ s )
Readout tim e 2 5  n s 9 0 0  n s 9 0 0  n s
D e-r an dom iz in g  b uf f er - 1 6  tr ig g er s 1 6  tr ig g er s
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Beetle: Block Schematic
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Analogue readout

Analogue readout shows the
ex p ec ted b ehav i our:
• flat baseline
• c o r r ec t lev els o f enc o d ed  P C N
• ex p ec ted  fr o nt-end  g ain
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Front end: P u l s es h a p e

Beetle 1 . 1
F ro n t-en d  p u ls es h a p s  with  d if f eren t Cp

3  p f ( h ig h es t a m p litu d e)
1 2 . 5  p F
2 4 . 6  p F
3 2 . 4  p F ( lowes t a m p litu d e)

Characteristics of Beetle 1.1 FE:
• peaking time 27 ns
• 3 0 %  r emaind er  af ter  25  ns

• p rob lem s to k eep  u p  w ith L H Cb  
sp ecification s at hig her Cp(expected especially for ITR)
• in p u t charg e rate is lim ited  to 
2  n A  d u e to feed b ack  tran sistor
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New front end test chip
Developed a new test chip with modified 
fr ont ends ( su b mitted 0 5 / 2 0 0 1 )

old B eetle 1 . 0  /  1 . 1  fr ont ends

2  x  5  new fr ont ends with 
modified pr eamplifier s and 
shaper s
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BeetleFE 1 . 1 :  r es u lts  ( 1 )

• peak-t i m e ≤ 2 5  n s  f o r Cp ≤ 4 0 pF
Expected front end behaviour of the
new  B eetl e 1 . 2
(measured on a test chip B eetl eF E 1 . 1 .  S et 2 c )
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BeetleFE 1 . 1 :  r es u lts  ( 2 )

• faster rise-tim e (~13 ns at Cp =  4 0 p F )
• rem ain d er 2 5  n s after p eak  l ess th an  
3 0 %  fo r Cp <  30 p F

Beetle Front-end  W ork s h op ,  7 . 2 . 0 2 ,  H D
⇒ B e e tl e F E 1. 1,  S e t 2 c  h as th e  b e st p e r f o r m anc e
and  f u l f i l s th e  L H Cb  sp e c i f i c ati o ns 

⇒ w i l l  b e  u se d  o n th e  B e e tl e  1. 2
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ENC measurements for new FE

ENC behaviour of the new Beetle 1.2 front 
end  (measured on a test chip B eetl eF E 1 . 1 ) :
NIKHEF: 4 2 9  e - +  4 7 . 0  e -/p F
Z u r i c h : 4 3 6  e - +  4 7 . 7  e -/p F
He i d e l b e r g : 4 8 3  e - +  4 5 . 7  e -/p F
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Comparator

track m o d e

p u l s e  m o d e

l e f t: - s i g n al  p u l s e  s h ap e
- co m p arato r o u tp u t

ri g h t:  - b i n ary  re ad o u t
( 4  co n s e cu ti v e  B X )

C o m p arato r o u tp u t l e v e l  
s h i f te r i s  to o  s l o w
⇒ cau s e s  s p i l l -o v e r to

th e  s e co n d  B X
⇒ B e e tl e  1 . 2 :  h as  n o w

an  o u tp u t b u f f e r 
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Pipeamp /  M u l t ipl ex er
Readout at trigger rates of 10 Hz and below: 

Occurs only in 128 channels on 1 port output 
m od e
⇒ is f ix ed  in B eetle 1. 2 

F loating  w ire b etw een P ipeam p and  M U X
⇒ w rong  D C  operation point at the 

b eg inning  of  a read out
⇒ is f ix ed  in B eetle 1. 2 
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Beetle 1.1 Control Logic
• Beetle 1.1 processed 1012 ra n dom  tri g g ers correctly

di f f eren t tests w i th  ef f ecti v e tri g g er ra tes b etw een  100 k H z  a n d 1.2  M H z  

Known limitations:
• “Soft-R e s e t”  fe a tu r e :

a pply i n g  a  “ S of t-R eset”  a t a  certa i n  ti m e du ri n g  rea dou t lets th e con trol log i c g etti n g  stu ck  
du e to a  n ot resetted pa rt of  th e f a st con trol log i c
⇒ i s f i x ed i n  Beetle 1.2
• T r i g g e r -P h a s i n g :

b a d tri g g er to clock  ph a si n g  ca n  v i ola te i n tern a l setu p ti m es w h i ch  stops th e log i c
⇒ i s f i x ed i n  Beetle 1.2
• D a i sy -C h a i n  (additional operation mode for test setu ps):

w a s n ot com pletely  i m plem en ted i n  perv i ou s Beetle v ersi on s ( 1.0 /  1.1)
⇒ i s f i x ed i n  Beetle 1.2
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Total I on i z i n g D os e  i r r ad i ati on
Done at the X-r ay  f ac i l i ty  of  C E R N ‘ s  M i c r oel ec tr oni c  G r ou p

Irradiated Chips:
• 4 Beetle 1.1 chips
• 2 chips being kept at room temperature
• 2 chips being anneal ed  at 1 0 0  ° C

• 2 BeetleF E  1.1 chips
containing FE prototypes with a NMOS input transistor

• 2 BeetleF E 1.2 chips
containing FE prototypes with a P MOS input transistor

A c c u m u l ated D o se:
• Beetle 1.1: 1 0  M rad ,  1 0  M rad ,  3 0  M rad ,  4 5  M rad
• BeetleF E 1.1: 1 0  M rad
• BeetleF E 1.2: 1 0  M rad
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TID: Results of Beetle 1.1 (1)
Beetle 1.1 showed full functionality up to 45 Mrad
• full trigger / readout functionality
• full s low  control functionality
• p erform ance degradations  are s m all



Beetle Overview
18

VELO Electronic Review 1 3 th J u ne 2 0 0 2 ,  La u s a nne

Sven Löchner
ASIC-L a b o r a t o r y ,  M a x -P l a n c k -In s t i t u t e  f o r  N u c l e a r  P h y s i c s  H e i d e l b e r g

TID: Results of Beetle 1.1 (2)
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TID: Results of B eetleF E  1 . 1

typical slope:  0 . 1  n s/ M r ad

only minor performance variations during irradiation
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Beetle 1.2 (1)
Modifications on Beetle 1.2
• New placement of the analogue input ESD structure
• T estpulse
• new d esign
• mask  registers to switch on/ off each channel

• F ront end
• replaced  b y  a new,  tested  front end  from the B eetleF E 1 . 1  test chip

• C omparator
• time-constant now programmab le
• mask  registers to switch on/ off each comparator
• new output b uffer for b inary  signals
• replaced  all flip-flops with triple red und ant flip-flops and  maj ority  encod ing
• mod ified  internal comparator clock -timing schema
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Beetle 1.2 (2)
• Multiplexer
• m o d if ied  MU X  c o n tro l (to prevent crazy readout at low trigger rate)
• a ll f lip-f lo ps  a re n o w  triple red un d a n t

• B ia s  /  D A Cs
• D A C res o lutio n  red uc ed  f ro m  1 0  b it to  8  b it
• D o ub led  th e m a x.  o utput c urren t o f  a ll c urren t-D A Cs
• s elf  trig g ered ,  triple red un d a n t f lip-f lo ps  in  a ll b ia s

reg is ters
• P a d s
• n ew  B eetle Ch ip I d .  pa d s
• m o d if ied  I 2C-pa d s
• m o n ito rin g  pa d s  to  c o n tro l b o th  in tern a l c urren t s o urc es
• 4  a d d itio n a l d ig ita l po w er pa d s  
• d if f eren tia l a n a lo g ue o utput d riv er w ith  b ipo la r c urren t
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Beetle 1.2 (3)
• Slow control
• h a rd e ne d  a g a i ns t SE U  (state machines use triple redundant flip-flo ps w ith maj o rity  enco ding )
• h a rd  wi re d  7 -b i t C h i p  I d .  

• F a s t control
• SE U  h a rd
• ne w re s e t s ch e m a  (o nly  o ne ex ternal reset and an internal po w er-up reset fo r all b ias and state 
reg isters)
• 8-b i t SE U  cou nte r.  C ou nts  a ll d e te cte d  a nd  corre cte d  SE U  f li p s .
• N e w control s ch e m a  of  th e  P i p e a m p /  M U X  to p re v e nt th e  s ti ck y  ch a rg e  p rob le m  a t 

low tri g g e r ra te s .
• T ri g g e r i s  la tch e d  i nte rna lly  ( “ T ri g g e r p h a s i ng ” )
• D a i s y -C h a i n conce p t i s  now i m p le m e nte d  
• N e w 8-b i t a na log u e  re a d ou t h e a d e r (S tart-b it,  P arity -b it,  E D C  status-b it,  3  different parity -b its 
o f reg isters,  2  L S B -b its o f the S E U -co unter)
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Beetle: Layout / Floor plan

La y ou t of  th e B eetle 1 . 2  ch ip  a nd  its  corres p ond ing  f loor p la n.

6.
1m

m

5 . 1 m m
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Next steps / outlook

Beetle 1.2 is designed to fulfil all LHCb specifications

Next steps:
• Beetle 1.2 is expected back at the end of June
• L ab-test of the Beetle ( functionality ,  r eadout m odes,  pulseshape,  ...)
• E N C  m easur em ents
• T I D  ir r adiation test
• S E U  test
• ...


