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 measured up to the standards required were accepted for  
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From Janesick 

Bandgap of Si at 300K = 1.1 eV 
& pure Si transparent for ! > 1.1 "m 

Ignoring reflection … 

Visible light or x-rays: 
4-5 orders of magnitude 
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CCD CMOS 

tOX (Å) 500 - 
1000 

5-20 

Well depth (!m) 2.5 0.5 
deeper for RF 

Implant (!m) 
~1 
channel 
stop 

0.1 
S/D implants 

V "10 
<3.3 
<2.5 
<1.x … 

Poly layers 3 (2) 1 
2 for analog 

Subst. quality Low 
leakage 

Don’t care 
Except opto 
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V8&*
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+5*
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X$09,7)Y&?,0/9-"@$#$00(0&??'&

H/*+5-*5%
>6)-%
Z-B)6%
s<*<9+3<ë%6)='%

o45B45%+5-=)%

tN$$%íE%B<523%
C/*7%B-7+%
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Data 

Acquisition 

&'%()*)+%!%,-./*-0%123//0%/*%,)456/*%-*7%896-:%12-;)6<*=%!%>6=/**)%?4*)%@$#$%

'+#(*)&'()(*)+,-&

This should be depleted – generally thin with 
conventional processes 

# add a layer which can be used as an electrode 

LBL CCD – S. Holland et al. 

&6)W</4+%)e-EB0)%/F%HH(%4+-=)%S-+%F/6%/B.2-0%B3/5/*+'%%ï3-5%-C/45%e96-:+ñ%
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OX
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'*`
#'

J1
`
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a=J12(J*

-"
1'

&*#
668

A
#'

,3
1'
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lmE&n9&)A+*Q&??'&
OOj)%ó|%-*7%óò'%d)+/04./*%t%#@!%)I%-5%O'!%U)I%

&'%()*)+%!%,-./*-0%123//0%/*%,)456/*%-*7%896-:%12-;)6<*=%!%>6=/**)%?4*)%@$#$%

>04E<*4E%/*%1<0<2/*%

)!%1-EB0)%<+%6-+5)69+2-**)7%4*7)6%-%+4CE<26/*9+<�)7%S3<5)%A/6%E/*/236/E-.2D%89
6-:%C)-E%F/24+)7%C:%ó<6UB-56<2U9T-)�%E<66/6+'%>5%)-23%+5)B%-%%7<~6-2./*%B-;)6*%<+%
6)2/67)7'%

)!>*-0:+<+%/F%53)%7<~6-2./*%B-;)6*%+2-*+%B6/W<7)+%S<53%B3-+)%7<+56<C4./*G%26:+5-0%
/6<)*5-./*%E-B+G%+56-<*"+56)++%E-B+G%7<+0/2-./*%+5642546)%-*7%7<+56<C4./*%

)!%Z3)%5)23*<`4)%3)0B+%4*7)6+5-*7<*=%53)%2/EB0)e<5:%/F%53)%E<26/E)23-*<2+%/F%
E-5)6<-0+%A+56)*=53G%6)+<+5-*2)%5/%F-<046)G%ôD%-5%=6-*40-6%-*7%+4C=6-*40-6%0)W)0%

R-4)%B-;)6*%2-B546)7%C:%-%
89d-:%HH(%7)5)25/6%

ï3<5)%/6%
s/*/236/E-.2%896-:%
C)-E%

j/24+<*=%/B.2+%
AóT%E<66/6+D%

1-EB0)%/*%-%
8É%+2-**<*=%
+5-=)%

H/*W)*./*-0%
89d-:%HH(%()5)25/6%

b

C

)!%,/%+-EB0)%6/5-./*%6)`4<6)7%è%

:F$960(k&!">$%&9+*#,4+V#$*)+,-&$)&)A(&ID5&
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R+*#,4+V#$*)+,-&

KTP crystal indexed. The energy of each 
reflection can be measured … 

!! Laue ab-initio indexation (of unknown 
structures, heterogeneous samples, …) 

!! Energy-resolved Laue diffraction for 
structure solution using Laue (pb of 
harmonics, scaling,…) 

3/46+%&%+)2/*7+%

&'%()*)+%!%,-./*-0%123//0%/*%,)456/*%-*7%896-:%12-;)6<*=%!%>6=/**)%?4*)%@$#$%

:F$960(k&!@?5&$)&I@5&BD&o"3'&

j-+5HH(%-5%L9X(%

8&H1%Ve-EB0)%f%K#*E%6-7<4+%0-5)e%+B3)6)+%<*%=0:2)6/0%-5%t9@$%7)=%H%%
A(-5-%2/465)+:%/F%146)+3%,-6-:-*-*%-*7%>0)2%1-*7:D%

.E)%-W)6-=)%

.E)%-45/2/66)0-./*%

#$%E+%)eB/+46)+%
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10 nm should be possible in near future!

1/ë%896-:%&5:23/=6-B3:%
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L$7)&>($4,/)&p&D,)7&,J&'$)$&

#%Y
C"+
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V53
)6*

)5% 1)25/6%#%
1)25/6%@%

1)25/6%Q%

1)25/6%N%

RTR*)5%
d/45)6%

&3-+)%#%9%>ZH>%5/%RTR*)5%
&3-+)%@%9%X*+5-00%E40.B/65%
#$%YC"+%+S<523%-5%1)25/6%Q%

#$%YC"+%%

V53)6*)5%
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L/)/#(&4(C(0,69(-)7&+-&6#,*(77+-=&

Z/7-:%

R/S%X^%7)5)25/6%

>623<W-0%
15/6-=)%

1//*%

Z/E/66/S%

j4546)%

102 Hz 

103.5 Hz 

105 Hz 

H0)W)6%7)5)25/6%

T6<00<-*5%7)5)25/6%

&'%()*)+%!%,-./*-0%123//0%/*%,)456/*%-*7%896-:%12-;)6<*=%!%>6=/**)%?4*)%@$#$%

>5!5&:-4&5)$)+,-&J,#&D?D5&N/)*A&H&

Y/*</E)5)6%
N!$ö%3/6<�'%
#$$ö%W)65'%
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C%.)!M='/@+%'(!'4!;-#50)uE*%(!V53)5%(0!&

H3-6=)%/67)6<*=%E)05+%-ë)6%B4EB%0-+)6%B40+)%

4,:=[5"[U#Vc* X0X(d* -(dVc* <8V*

VM%]%LOJ%)I% #@J$%)I% K@$%)I% QN$%)I%

&'%()*)+%!%,-./*-0%123//0%/*%,)456/*%-*7%896-:%12-;)6<*=%!%>6=/**)%?4*)%@$#$%

??'&%%&J??'&%%&CJ??'&

H/*W)*./*-0%HH(%
#$$%h�%

A-DH&9HH(%
#$@%h�%

FHH(%

H&9HH(%
#$N9J%h�%

WFHH(%
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1<0<2/*%+56<B%7)5)25/6%

1<0<2/*%+56<B%7)5)25/6%A#(D%
F/6%B-6.20)%B3:+<2+%2-'%#QLJ%

&<523%/(

&'%()*)+%!%,-./*-0%123//0%/*%,)456/*%-*7%896-:%12-;)6<*=%!%>6=/**)%?4*)%@$#$%

L,00,O(4&U%&?/7),9&3?7&

1<%()5)25/6%

H4+5/E%XH%

>(H%

L%

H3-6=)%+)*+<.W)%
-EB0<p)6%S<53%
-7z4+5-C0)%6<+).E)%

>*-0/=%B<B)0<*)% ï<0U<*+/*%>(H%
y)6/9+4BB6)++)7%
6)-7/45%/*%L9C<5%
B-6-00)0%C4+%

>(H%

>(H%
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L/#)A(#&.6)+,-7&

@(%+)=E)*5)7%1<%
@(%+)=E)*5)7%1<%-;-23)7%
5/%@(%+)=E)*5)7%1<%%

@(%+)=E)*5)7%1<%-;-23)7%
5/%#(%+)=E)*5)7%1<%
/6%/53)6%)0)256/*<2+%%

+1'16#&%#>*
)(')1"N"(,J18&*

1'*),A(*)80)&",&(*

fD0"#J*
5(')1"*

N*
7(,J18&*

&'%()*)+%!%,-./*-0%123//0%/*%,)456/*%-*7%896-:%12-;)6<*=%!%>6=/**)%?4*)%@$#$%

DN?&@+F(0&'()(*),#7&

CMS ATLAS 

Large projects 
to develop 
hybrid pixels 

.#6,&8)*=*545*

&<0-54+%
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>q'k&5.3&X385.3&r&38BsDtY&

s)5-0%X*5)62/**)25%

XTs%$'#Lí%1oX%Hso1%
To8%A1<o@D%

5#6#>1'=1'=high resistivity, thick, fully depleted detector-grade )#6#>1'*
oU<%1oX%&6/2)++%AóVóD%

h<=39â%1<%õ%N$$%ÇE%

To8%
1<%

&'%()*)+%!%,-./*-0%123//0%/*%,)456/*%-*7%896-:%12-;)6<*=%!%>6=/**)%?4*)%@$#$%

:F$960(k&ID5&J(9),70+*+-=&BD&laE&

Zholents and Zolotorev, Physical Review Letters 76, 916 (1996),, Schoenlein et al., Science 287, 223 (2000) 

@$$%F+%B40+)+%
T45%0/S%é4e%9%#$O%M"+"$'#q%Tï%

Perkin Elmer C30902: single element APD,  $100"

s<00</*+%/F%7/00-6+%<*W)+5)7%
" !<*%3-67S-6)%
" !<*%.E)%5/%E-U)%53<+%S/6U%

()5)25/6%4+)7%F/6%0-+5%7)2-7)%
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"!@%Uh�%0-+)6%/~%
!!H(1%
!!j<6ES-6)%B6/2)++<*=%
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>q'Hk&d'&3-)(=#$)+,-&

Z3<**)7%1<%

Z3<**)7%1<%

Z3<2U%1<%
h<=396)+<+.W<5:%
7)5)25/6%S-F)6%

Z1I%

T4EB%A<*5)62/**)25D%

Y6/S<*=%2/EE)62<-0%
<*5)6)+5%f%)'='%3<=3%
7)*+<5:%E)E/6:%AE/6)%
54*)+%/*%:/46%<&/7D%
r+)%/F%7<+B-6-5)%
5)23*/0/=<)+%+.00%dú(%
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(<+20-<E)6[%>R1%<+%-%+/ë%e96-:%F-2<0<5:%f%<7)-0%F/6%1<%A)e2)B5%F/6%*/<+)èD%

HH(%/*%53<2UG%
3<=39â%1<%

1oX%/*%53<2UG%
3<=39â%1<%

N(%/*%53<2UG%
3<=39â%1<%

h:C6<7%/*%53<2UG%
3<=39â%1<%

1<�)% #$@%f%#$N%ÇE@% #$@%f%#$N%ÇE@% #$J%ÇE@% #$@%ÇE@%

"B<e% $% #$@%f%#$N%#$#%f%#$@% #$#%f%#$@%

V,H% #$$%f%#$#%)P% #$#%)P% #$@%)P% ñ%
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@+F(0&5+Z(T&'+V/7+,-&$-4&I-$0,=&C7a&'+=+)$0&

VW)*%-%F400:97)B0)5)7%7)5)25/6%S<00%3-W)%O%f%#$%ÇE%ds1%7<~4+</*%
)5'(&4$#$(7"??(6$(5'9$(%4:#-$(54:#",-.(

@%b0-6=)c%7<=<5-0%A2/4*.*=D%B<e)0+%
e%

e% e%

1<
=*

-0
%

1<
=*

-0
% 1/E)%6)=</*%A7)B)*7<*=%/*%

7<~4+</*%xD%S3)6)%2/4*.*=%<+%
2/EB0<2-5)7%A7/4C0)%2/4*5ñ%
E<++)7%2/4*5+ñD%

N%b+E-00c%-*-0/=%B<e)0+%

(<~4+</*%+B6)-7+%23-6=)%-26/++%
B<e)0+%f%C45%2)*5)69/F9=6-W<5:%2-*%
=<W)%+4C9B<e)0%AÇED%B/+<./*%
6)+/04./*%
AS3<0)%-77<*=%*/<+)èD%
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"!>#50)Z#5)#?!_#+Z*#()/!JZ
5#9!3)+)&+'5!

"!E&%(+%//#+'5!{):0:!;$HFC/I|!
"!#E%!]!C2C!P#$$%=)!P%J)/!

5)#3'@+!
"!e;P!

"!P-'+'&#+-'3)!
"!N965%3!*%J)/!H;!F'5!;;QI!

M%/6%)f%
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"!!E)($'5!,*5'*)5+%)$1!&5%+%&#/!
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"!!"#(3!0#*?!/%0-+!9%)/3?!s!
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"!!C-)5.#/!
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3-&,)A(#&O,#47&

"!!P-'+'(!%(&%3)(+!#+!F8?8I!
"!!P5'6#6%/%+9!i:M:!'4!&5)#+%(0!
#!3)+)&+#6/)ä!$%0(#/!

"!!E%0(#/! !7uv!
"!!P-'+'$+#+%$+%&$!
"!!2#('!4#&+'5!

"!E*#+%#/!5)$'/@+%'(!!
FPE2?!eC2I!F3%d@$%'(I!

"!!äQ)+)&+#6/)!R!4FM/)&+5'(%&$I!
"!!QiM!z!7u!{M/)&+5'(%&|!m'%$)!

"!!e#(9!G#9$!+'!$#9!ÉW!F&:4:!h'$)!&5%+)5%'(I!

"!!WFMI!z!2! !m'%$)!
"!!WF+I!z!m'%$)!
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5#3%#+%'(!5)$)#5&-!

"!!E).%&'(3@&+'5!3)+)&+'5$B!
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"!E%!)J&)//)(+!4'5!M!n!78!A)t!F#(3!6)()b+$!45'.!
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Y",&(H86*,>E'1`6(J$(A('&)*5/[%
>R1%VeB)6<E)*5-0%1:+5)E+%Y6/4B%
>R1%12<)*.p2%1:+5)E+%Y6/4B%
>&1%T)-E0<*)%Z)23*<2-0%14BB/65%Y6/4B%
V0)256/*<2%1:+5)E+%Y6/4B%
X*5)=6-5)7%H<624<5%()+<=*%Y6/4B%
s<26/1:+5)E+%R-C/6-5/6:%
,-./*-0%H)*5)6%F/6%V0)256/*%s<26/+2/B:%
&3:+<2+%(<W<+</*%
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