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Integrated Circuit technology now 
makes direct-detection semiconductor 

“Intelligent” Detector Feasible 
An intelligent Pixel Array Detectors (PAD) has both 
advantages of direct detection and sophisticated data 
processing functions built into each pixel of the detector. 

Sol Gruner: Context for this workshop talk. 
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Collaboration with Jin Wang’s group at APS. Recent work: 
Liu et al., Appl. Phys. Lett. 94 (2009) 184101 
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•! Cornell role: Design PAD chips, build single chip, cooled detector to spec. Completed. 

•! SLAC role: Build mosaic & mechanicals, off-chip electronics. In process. 

•! Possible concerns: Warm operation affecting calibration stability and lifetime. 

•! More: Chris Kenney (this workshop), Hugh Philipp’s plenary, Thursday morning. 

•! 0.5 GB/s, 50 TB/day, continuously! 

•! Papers: http://bigbro.biophys.cornell.edu/publications/   #225, 230, 243, 246 

LCLS PAD 
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Mixed-Mode PAD 

•! Cornell role: Design PAD chips, build single chip, cooled detector to spec. Completed. 

•! ADSC role: Build large detectors & vend. In process. 

•! 65 MB/ASIC/s. For a 1k x 1k this is  400 TB/day, continuously! 

•! Papers: http://bigbro.biophys.cornell.edu/publications/   #196, 226, 25f 
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•! Designed for single bunch imaging at storage rings. 

•! Cornell role: Start to finish. Funded by Keck Foundation. 

•! Status: Pixel developed, 16x16 detector built and tested. Meets spec. 

•! Papers: http://bigbro.biophys.cornell.edu/publications/   #250.                          
 PhD thesis of Lucas Koerner, new paper is submitted. 
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To investigate times faster than the readout time of the detector, 
speckle patterns from two or more pulses can be summed and the 
decay in the contrast is used to determine the correlation times. 

Stephenson,.Robert,2 Grübel,, Nature Materials 8, 702 - 703 (2009)  
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"! $+%5,0.+-.%O4-%5/'2-5Z%+,-%8(+-(58+D%2-1-25%R-/04-%/205-.%+0%'%)8@8+'2%.-')%
0<%P%0.%J%LM.'D5%.-/0.)-)%50%+,-%$6!d%

"! j-/04-5%

"! b,8/,%8(%)85/.-+-%<0.4%85d%

"! b,-.-%Xi(t)%+':-5%0(%'%P%0.%J%1'2?-%)-3-()'(+%0(%+,-%3.-5-(/-N'R5-(/-%
0<%'(%LM.'D%0(%+,-%)-+-/+0.%)?.8(@%+,-%O4-%3-.80);%

"! F,85%85%8432-4-(+-)%?58(@%'%5?4%0<%3.0)?/+5%4-+,0)%0(%'(%!"#$%

!"#$%^432-4-(+'O0(%0<%+,-%$6!%
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%!"#$%^432-4-(+'O0(%0<%UM308(+%$6!%

30 

& n

/2:%

& n

/2:%

& n

/2:%

& n

/2:%

8(%

n

)-2'DP%

/0?(+-.%

)-2'DU%)-2'Dy%)-2'DT%)-2'DP%

n

)-2'DT%

/0?(+-.%
n

)-2'Dy%

/0?(+-.%

n

)-2'DU%

/0?(+-.%

"! F,-%8(/048(@%38L-2%0?+3?+%85%/20/:-)%8(%RD%+,-%4'5+-.%/20/:%'()%/043'.-)%+0%8+5%
3.-180?5%1'2?-5%01-.%U%)8m-.-(+%)-2'D5;%%

"! %b,-.-%+,-.-%85%/08(/8)-(/-%V0.%/0..-2'O0(XZ%+,-%.-2-1'(+%/0?(+-.%85%/20/:-);%
F,-%0?+3?+5%0<%+,-5-%/0?(+-.5%'.-%+,-%<0?.%$6!%1'2?-5%
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!?22%"'.'22-2%!"#$%$6!%^432-4-(+'O0(%

31 

Loadable 100 bit Shift Register Data Out 
(8 bits) 

(8 bits) 

8 bit 
Loadable 
Counter 

Frame reading RAM 

pix1 

pix2 

pix125 

Data In 

ACF_pixn(0) ACF_pixn(50) 

pixn(0) pixn(50) 

ACF_pixn(99) 

pixn(99) 

Old_pixn(0) Old_pixn(50) Old_pixn(99) 

•!Not realizable to implement 100-bit shift register for each of the 125 pixels 
for each of the 100 input pins on the FPGA (over 10000 registers!!)   

•!100-point shift register used for each pixel group and the ACF ‘states’ 
stored and retrieved from fast distributed RAM within the FPGA fabric. 

SR_pix1(0:99) 

SR_pix2(0:99) 

SR_pix125(0:99) 

Shifted_pixn(0:99) Old_pixn(0:99) 
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",D58/'2%^432-4-(+'O0(%0<%!"#$%"$&%

"! ^(M,0?5-%$Y^6%)-58@(%h%54'22%5/'2-%5?R485580(%8(%TJPP%
#! F-5+%)8m-.-(+%30558R2-%38L-25%'()%8(+-./0((-/+%4-/,'(8545%%

"! F,.0?@,%B'<-.%18'%+-/,(020@D%B822%R-%8(1-5O@'+-)%'+%[F^%)?.8(@%R?43M
R0()8(@%3.0/-55%
#! k5-%+,85%+0%/.-'+-%j#$%502)-.%R?43%^N*%<.04%$Y^6%
#! ^(1-5O@'O(@%+,-%3.0/-55%+0%)-+-.48(-%D8-2)%

"! t828(L%G8.+-Lx%!"#$5%%
#! 0m-.%2'.@-%(?4R-.%0<%?5-.%^*5%'()%2'.@-%20@8/%)-58@(%'.-'%
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F,.0?@,%Y828/0(%^(+-./0((-/+%F-]]'.0(%".0/-55%

33 

•!j?82)5%5?3-.M60(+'/+5|%8(+0%+,-%/8./?8+.D%)?.8(@%(0.4'2%B'<-.%
3.0/-558(@%
•!j'/:%58)-%0<%B'<-.5%+,8((-)%+0%I%PJ%48/.0(5%-L3058(@%5?3-.M/0(+'/+5%
•!"'))-)%0?+%<0.%^N*%
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*+,-.%30+-(O'2%'3328/'O0(5%0<%!"#$%"$&%
RD%/,'(@8(@%!"#$%e.4B'.-%

"! 98@,%Y3--)%^4'@-.%
#! $5%)-5/.8R-)Z%-'/,%38L-2%@.0?3%85%3022-)%-1-.D%P?5%<0.%'%58(@2-%R8+%.-')0?+;%
#! k58(@%'(%'//?4?2'+0.%B8+,%[$7%<0.%-1-.D%38L-2%@.0?3%V!"#$%8(3?+%38(XZ%PU%

R8+5N38L-2%/'(%R-%.-')%0?+%8(%P`45%<0.%+,-%"$&;%
"! F84-M528/-)%)8m-.-(/8(@%)-+-/+0.%

#! Y+?)D%4-+'25%+,'+%'.-%5?RC-/+%+0%3-.80)8/%5+.-55Z%5?/,%'5%18R.'O0(5%0(%'(%
'8./.'a%

#! %YD(/,.0(8]-%!"#$%%B8+,%+,-%5+.-55%20')%50%'5%+0%)818)-%+,-%5+.-55%/D/2-%8(+0%
O4-%R8(5%

#! $//?4?2'+-%54'22%)8m-.-(/-5%R-+B--(%)8m-.-(+%/D/28/'2%O4-%R8(5%'5%'%
<?(/O0(%0<%+,-%(?4R-.%0<%/D/2-5%'3328-);%
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6,'22-(@-5%
"! &-58@(%6,'22-(@-5%

#! 7'L848]8(@%53--)%0<%$Y^6%/0430(-(+5%h%/043'.'+0.5Z%<.0(+M-()%'4328e-.Z%
+0%4'8(+'8(%'%<'5+%<.0(+%-()%

#! &-58@(%'%38L-2%+,'+%85%@-(-.'2%-(0?@,%+0%R-%30.+-)%'/.055%4'(D%'3328/'O0(5%
VB8+,%'%)8m-.-(+%!"#$%R'/:-()X%

#! H'18@'O(@%+,-%8(+-./0((-/O0(%4-/,'(854%R-+B--(%+,-%$Y^6%'()%!"#$%<0.%
4'L84?4%+,.0?@,3?+Z%20B%30B-.%/0(5?43O0(%'()%20B%(085-%

#! ^<%'5D(/,.0(0?5%03O0(%85%8(1-5O@'+-)Z%4'+/,8(@%)-2'D5%<0.%.-3-'+'R828+D%
#! v%

"! ",D58/'2%6,'22-(@-5%
#! 7':8(@%'%40)?2'.%)-+-/+0.%<0.%O28(@%h%!"#$%<00+3.8(+%4?/,%2'.@-.%+,'(%+,-%

)-+-/+0.%
#! 60028(@%+,-%)-+-/+0.%B,-(%8+%85%8(%5?/,%/205-%3.0L848+D%+0%+,-%,8@,M53--)%

5B8+/,8(@%!"#$%
#! v%
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Y,0.+%F-.4%"2'(5%

"! YO22%8(%38L-2%)-58@(%5+'@-;%903-%<0.%54'22%5/'2-%5?R485580(%8(%TJPP%+0%+-5+%
)8m-.-(+%3.0+0+D3-%8)-'5%

"! &-1-203%'%+-5+%5D5+-4%V'(0+,-.%!"#$X%+,'+%/'(%<--)%8(%58@('25%4848/:8(@%
+,-%$Y^6%0?+3?+%50%+,'+%+,-%!"#$%58)-%0<%+,-%8(+-./0((-/+%/'(%R-%+-5+-)%

"! ^432-4-(+%+,-%4'5581-2D%$6!%'2@0.8+,4%B8+,8(%%+,-%!"#$%'()%03O48]-%
<0.%53--);%
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"! 60.(-22%&-+-/+0.%&-1-2034-(+%#.0?3%
#! Y02%#.?(-. % % %MMM%7'.:%F'+-%
#! 9?@,%",82833 % %MMM%E'+-%#.--(%
#! &'.02%6,'4R-.2'8( % %MMM%"-8D'(%6'0%
#! 7'.8'((-%9.04'28: % %MMM%6,-(%Y,-(%

"! [-/-(+%4-4R-.5%0<%60.(-22%&-+-/+0.%&-1-2034-(+%#.0?3%
#! i?/'5%E0-.(-.%V$"iZ%}0,(5%903:8(5X %MMM%7'o%[-(]8%Vi8(/02(%i'R5X%
#! &'(8-2%Y/,?-o-%Vi8(/02(%i'R5X % %MMM%$23-.%=./'(%

"! Y30(50.5%'()%6022'R0.'+0.5%
#! H'O0('2%Y/8-(/-%!0?()'O0(%d%HY!M&7[%V&7[MJ~y`yQUX%%
#! &-3'.+4-(+%0<%=(-.@D%%&*=Mj=Y%V&=MY6JJJUJx~X%Z&*=Mj=[%V&=M!#JTM~x=[`TUUyX%X%
#! i6iY(%&-+-/+0.%#.0?3%'+%Yi$6%
#! $.-'%&-+-/+0.%YD5+-45%60.30.'O0(%V$&Y6XNH^9MH6[[%
#! E-/:%!0?()'O0(%

$/:(0B2-)@-4-(+5%
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