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R e a d o ut I C wit h 4 0 M S P S i n -pi x el A D C f or f ut ur e v ert e x 
d et e ct or u p gr a d e s of L ar g e H a dr o n C olli d er
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 L o w n oi s e, l o w p o w er Pr e a m plifi er

 L e a k a g e C urr e nt C o m p e ns ati o n

 A C c o u pl e d 4 0 M S P S i n -pi x el 2 -bit Fl a s h A D C

 S y n c hr o n o us A ut o -Z er o c o m p ar at ors
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Pi x el at e d P arti cl e D et e ct or

• T h e pi x el pr ot ot y p e is d esi g n e d i n T S M C 2 8 n m.

• It c o nt ai ns a n arr a y of 1 6 x 3 2 pi x el of 2 5 µ m x 2 5 µ m
e a c h

• T h e A SI C  is 1. 5 m m2
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• D y n a mi c r a n g e  6 4 a C – 2. 1 f C
• E q ui v al e nt n ois e c h ar g e ( E N C) 6 1 e -
• P o w er ~ 3 u W
• R e g ul at e d C as c o d e c or e a m plifi er d esi g n
• A cti v e tr a n sist or f e e d b a c k  r esist or ( M n c c 1)

 L ar g e sig n als b e h a v es as a c o n st a nt c urr e nt s o ur c e
 S m all si g n als R F = 1 / g m

• N o v el L e a k a g e c urr e nt c o m p e n s ati o n u p t o 5 0 n A.
Us es a  diff er e nti al a m plifi er M p c c 1 a n d M p c c 2 wit h a
t ail c urr e nt gr e at er t h a n t h e s u m of d et e ct or l e a k a g e
c urr e nt a n d t h e bi as c urr e nt of M n c c 2 (I d)

R e s ult v 1 v 2 u nit

P o w er 0. 5 1 𝜇𝜇 W

T hr e s h ol d Di s p ersi o n 4 0 4 5 e-

Ar e a 1 7. 5 3 0 𝜇𝜇 m 2

A ut o -z er o y e s y e s

D e a d ti m e 2 5 0 0 ps
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v 1 -Si n gl e E n d e d

v 2 -Diff er e nti al

F ut ur e Pr ot ot y p e d esi g n  will
i m pl e m e nt a D N N cl assifi er
i n t h e m atri x t o r e d u c e d at a
at s o ur c e b y r ej e cti n g l o w
m o m e nt u m e v e nts

S m art Pi x el I m pl e m e nt ati o n
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R e s ult v 1 v 2 u nit c o m m e nt s
P o w er 3. 7 5. 2 𝜇𝜇 W P er pi x el

T ot al 

E q ui v al e nt 

C h ar g e

Dis p ersi o n
9 0 1 0 0 e-

I n cl u d e s:
• E N C
• Qt h
• B a s eli n e

fl u ct u ati o n
• ki c k b a c k

Mi n 

T hr es h ol d

4 3 0 4 7 5 e- 4. 7 5 σ

A n al o g Ar e a 1 6 9 2 1 1 𝜇𝜇 m 2

I m pr o v e d st at e-of -t h e-art c o m p ar e d t o 
R D 5 3 B d esi g ns ( C R O K v 1[ 1] a n d I T K v 1[ 2])

• 4 x i m pr o v e d gr a n ul arit y
• 2. 5 x p o w er r e d u cti o n
• 2. 5 x  i m pr o v e m e nt i n t hr es h ol d d et e cti o n
• I ns e nsiti v e t o pil e-u p

C o nt a ct: b p ar pill @f n al. g o v, f ar a h @f n al. g o v

P e rf or m a n c e

R e gist ers f or pr o gr a m mi n g t h e n e ur al n et w or k w ei g ht Tr a c k 
c orr el at es 
wit h 
m o m e nt u m

Cl a ssifi er al g orit h m

A n al o g pi x el a n d p o w er a n d bi a s gri d

T h e e q ui v al e nt c h ar g e dis p ersi o n ( E C D) is e xtr a ct e d b y p erf or mi n g a 
c o m bi n ati o n of h u n dr e d n ois e tr a n si e nt r u n s, a n d a h u n dr e d M C 
r u n s o n b ot h pi x el v ari a nts w hil e s w e e pi n g t h e si g n al a m plit u d e 
fr o m 9 0 0 e- t o 1, 5 0 0 e- wit h t h e c o m p ar at or t hr es h ol d s et t o 1, 0 0 0 e -. 
T h e n ois e tr a n si e nt si m ul ati o n e xtr a cts t h e t ot al E N C of e a c h pi x el 
v ari a nt, i n cl u di n g t h e fli c k er a n d t h er m al n ois e fr o m t h e d e vi c es i n 
t h e pr e a m plifi er a n d t h e fl as h A D C, as w ell as t h e ki c k b a c k n ois e 
c o ntri b uti o n d u e t o s wit c hi n g of t h e c o m p ar at ors. T h e M C 
si m ul ati o n c o m p ut es t h e t ot al t hr es h ol d dis p ersi o n s Q T H of t h e t w o -
pi x el d esi g n s, i n cl u di n g t h e mis m at c h c o ntri b uti o n s. A t ot al of 
1 0, 0 0 0 r u n s w er e c o m pl et e d f or e a c h of t h e si g n al a m plit u d e 
s w e e ps. 

C hi p f a bri c at e d a n d t est s et u p is st arti n g
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