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Photo Multiplier Tubes  
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Large-Area Photodetectors  
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Large-Area Pico-second Photo Detector (LAPPD)  
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LAPPD: Approach 
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LAPPD Deconstructed  
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hP  U+-8-BN48+-%)'FUNG'
!  N-,D)31;-,'-2'>+-8-,1'8-')$)*83-,1'

!  W,.;,))3'___Bi'=48)3;4$1'8-'%)D)$->'3-6718'+;.+'jW'
>+-8-B*48+-%)1''

AP  f;*3-BN+4,,)$'U$48)1'
!  \=>$;k*4?-,'-2'1;.,4$`'8:-'>$48)1':;8+'?,/'>-3)19'

+)$%'48'+;.+'>-8),?4$'%;E)3),*)P'01)'\8-=;*'
X4/)3'V)>-1;?-,'2-3')=;11;D)'=48)3;4$'-,';,)38'
17618348)1'8-'*3)48)'4D4$4,*+)'''

CP  W$)*83-,;*1'
!  (34,1=;11;-,'$;,)'3)4%-78`'LIl'1*4$46$)'183;>'$;,)9'

1;$SB1*3)),'>3;,8)%'-,'.$411'.3-7,%'>$4,)'''

!  5)4%-78'48'6-8+'),%1':;8+'2418'*718-='Nf#<'<N\''
*+;>':;8+'hImQa':4D)2-3='%;.;?a4?-,''

HP  Q)3=)?*'U4*S4.;,.''
!  f4;,84;,'D4*77='4,%'>3-D;%)'17>>-38P'Y-'

;,8)3,4$'*-,,)*?-,1]',-'>),)834?-,1''

!"#$%&'()*"+",+-#)."+#"'+/)0'1)2/)3455)))66)07)*"$'#+"'8)
9&%:"))@)



LAPPD Deconstructed  

hP  U+-8-BN48+-%)'FUNG'
!  N-,D)31;-,'-2'>+-8-,1'8-')$)*83-,1'

!  W,.;,))3'___Bi'=48)3;4$1'8-'%)D)$->'3-6718'+;.+'jW'
>+-8-B*48+-%)1''

AP  f;*3-BN+4,,)$'U$48)1'
!  \=>$;k*4?-,'-2'1;.,4$`'8:-'>$48)1':;8+'?,/'>-3)19'

+)$%'48'+;.+'>-8),?4$'%;E)3),*)P'01)'\8-=;*'
X4/)3'V)>-1;?-,'2-3')=;11;D)'=48)3;4$'-,';,)38'
17618348)1'8-'*3)48)'4D4$4,*+)'''

CP  W$)*83-,;*1'
!  (34,1=;11;-,'$;,)'3)4%-78`'LIl'1*4$46$)'183;>'$;,)9'

1;$SB1*3)),'>3;,8)%'-,'.$411'.3-7,%'>$4,)'''

!  5)4%-78'48'6-8+'),%1':;8+'2418'*718-='Nf#<'<N\''
*+;>':;8+'hImQa':4D)2-3='%;.;?a4?-,''

HP  Q)3=)?*'U4*S4.;,.''
!  f4;,84;,'D4*77='4,%'>3-D;%)'17>>-38P'Y-'

;,8)3,4$'*-,,)*?-,1]',-'>),)834?-,1''

!"#$%&'()*"+",+-#)."+#"'+/)0'1)2/)3455)))66)07)*"$'#+"'8)
9&%:"))54)



Photo-Cathode Thrusts 
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Photo-Cathode Growth at ANL 
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PMT Growth  
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PMT Characterization Cross Check 
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Photo-Cathode QE 
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Long Term Studies to Optimize Growth Recipe 
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Photo-Cathode Growth at SSL 
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Test runs with Fused Silica, Borofloat glass


16” tank for full-sized 8.7” windows




Micro-Channel Plate Thrusts  
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MCP Development: Simplifying Construction  
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MCP Fabrication with ALD    
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32.8mm disk
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MCP Fabrication with ALD    
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MCP Fabrication with ALD    
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MCP Fabrication with ALD    
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MCP Performance  
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MCP Performance 

!  fNU'>4;39'AIy='>-3)19'q|'6;419''
gI`h'Xd%9'IPu=='>4;3'.4>':;8+''
CIIi'6;41''

!  CIII'1)*-,%1'64*S.3-7,%';=4.)'
23-='<<X'
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MCP Performance  
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MCP Performance  
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MCP Performance  
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MCP Testing Program  

!"#$%&'()*"+",+-#)."+#"'+/)0'1)2/)3455)))66)07)*"$'#+"'8)
9&%:"))3@)

Qi'h'

Qi'C'
Qi'A'

Qi'H'

Qi'L'

\,-%)'

U+-8-*48+-%)'

m4>'h`''

'"k318'183;S)&';=>4*81'
D43;46;$;8/'-2'834,1;8'
?=)'4,%'4=>$;k*4?-,'

fNU1`''

'#>)34?-,4$'D-$84.)1'

'U$48)'.)-=)83/`'>-3)'
1;a)9'XdV''

m4>'A`'

'_=>4*8'-,'148734?-,'
-2'fNU'>4;39'1>4?4$'
1>3)4%'-2'1;.,4$'

m4>'C`'

'1>4?4$'4,%'8)=>-34$'
1>3)4%;,.'-2'8+)'
*+43.)'*$-7%P'<>4*)'
*+43.)')E)*81P'
_,8)324*)':;8+'4,-%)P'

fNU1`''

'N+)=;183/`'<WW9'3)1;1?D)'
$4/)39''

'U$48)'r74$;8/9'0,;2-3=;8/9'
Y-;1)9'<846;$;8/''

fNU1`''

'U$48)'3)1;184,*)`'
<48734?-,9'
5)$4O4?-,'?=)'



Electronics Thrusts 

!  X\UUV'\,-%)`'(34,1=;11;-,'$;,)'3)4%-78'
!  CI'=;*3-183;>'834,1=;11;-,'$;,)1'FÄ-{LIlG''

!  IPhIq&'8+;*S'.$411'17618348)9'IPhqA&'183;>''
:;%8+'

!  M3-,8B),%`'m;.4+)38a':4D)2-3='%;.;?a;,.''
\<_N1'
!  U<WNH'gB*+4,,)$'\<_N';,'_efBq5M'IPhCy=''

>3-*)11':;8+'2418'FzhI'm<4d1G9'$-:B>-:)3''
:4D)2-3='%;.;?a4?-,''

!  V484'\*r7;1;?-,'</18)=''
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Anode  

!  \,-%)`''
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PSEC-4 
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PSEC-4 
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DAQ  
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Hermetic Packaging Thrusts  
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Ceramic Hermetic Package 
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!  \$7=;,4':4$$'
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All Glass Hermetic Packaging  

!  \$$'.$411'+)3=)?*'>4*S4.)`'
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!  (->'>+-8-*48+-%)':;,%-:'1)4$'48'$-:'8)=>P'FÅhAI'NG'

!  @hI'/3'1846;$;8/'2-3'1)4$':;8+'1=4$$'$)4S'348)'

!  f;,;=7='+4,%$;,.'18)>1';,'2463;*4?-,'

!  \D-;%'>43?*7$48)1';,'D4*77='1>4*)'
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Construction of (Mock) Tile  
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Single Tile Production Facility  
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Simulation and Testing  
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Concluding Remarks 

!  \YX';1'=-D;,.'8-:43%1'%)D)$->=),8'-2',):'1),1-31'4,%'%)8)*8-31'.-;,.'64*S'8-'
641;*'7,%)3$/;,.'>+/1;*1'>3;,*;>$)'71;,.'4%D4,*)1';,'-8+)3'%;1*;>$;,)1P'#8+)3'
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!  X\UUV'641)%'-,'8+;1'>+;$-1->+/'4,%'+41'=)8'h18'4,%'A,%'/)43'=;$)18-,)1'
!  _,,-D4?-,';,'$-81'-2'43)41B'%)8)*8-319':4D)B2-3='14=>$;,.9'\XV9'=48)3;4$'1*;),*)9'

>+-8-*48+-%)19'Ç'

!  0$?=48)'.-4$';1'8-'834,12)3'8)*+,-$-./'8-';,%7183/P''

!  U3-b)*8'*733),8$/';,';81'8+;3%'/)43'-2'27,%;,.'4,%'834,1;?-,;,.'8-'4'>3-b)*8'184.)''

!  X-81'-2';,8)3)1?,.'4>>$;*4?-,1';,'F4,%';,8)3)18'23-=G'=4,/'43)41'-2'1*;),*)`''
(#M'48'*-$$;%)319'UW(9'5)4*8-3'f-,;8-3;,.9'QWU',)783;,-'%)8)*8-319'ÇPPP''

!  ^)'4$:4/1':)$*-=)',):'*-$$46-348-31'''
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References  

!  hA'176=;11;-,1'-2'8+)'X\UUV'U3-b)*8'8-'8+)'(_UU'AIhh'*-,2)3),*)9'U+-8-%)8)*8-3'
1)11;-,''
+c>`dd*-,2)3),*)1P2,4$P.-Dd?>>hhd'

!  H'84$S1'48'\Y(hh'*-,2)3),*)'
+c>`dd:::P>+/1;*1P%3)O)$P)%7d@,)783;,-:)6d\Y(hhd''
!  Q),3/'M3;1*+''

!  f4c'^)818);,''

!  t$471'\c),S-2)3''

!  W3;*'#6)3$4''

!  H'84$S1'48'X;.+8hh'N-,2)3),*)9'5;,.6)3.'N418$)'F5;,.6)3.hhG''
+c>`dd*-,2)3),*)P=>>=7P=>.P%)d$;.+8AIhhd'
+c>`dd;,%;*-P=>>=7P=>.P%)d;,%;*-d*-,2)3),*)V;1>$4/P>/T*-,2_%{hHIu''
!  Q),3/'M3;1*+'

!  e-6'^4.,)3''

!  t$471'\c),S-2)3'

!  #1:4$%'<;).=7,%''
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Analog Bandwidth  
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MCP Testing  

!  M7$$'$41)3'8)18'1)87>':;8+'21'$41)3'48'\U<''
!  N$)4,'0i'6)4='

!  X41)3'>-:)3'=-,;8-3;,.'

!  U-1;?-,'1*4,'

!  \61-$78)'$41)3'433;D4$'?=)'-,'fNU''
F;,'>3-.3)11G'

!  5)17$81'*-=>43)%':;8+'1;=7$4?-,''
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PSEC4 Waveform Sampling ASIC 

!  5)1-$7?-,'%)>),%1'-,'É'>+-8-)$)*83-,19'4,4$-.'64,%:;%8+9'4,%'1;.,4$B8-B,-;1)P''''

!  <;=7$4?-,1'1+-:)%''
">7$1)'14=>$;,.&'8-'.;D)''
8+)'6)18'3)17$81'
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#?%*/"&5*%@*4*5#$92*19"/**
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Anode and Signal Readout  

!  <)4$)%'?$)'*-,1837*?-,`'4$$'.$411'

!  \,-%)`''
!  <;$SB1*3)),)%9',-'>;,19'>),)834?-,19''

,-';,8)3,4$''*-,,)*?-,1'

!  (34,1=;11;-,'$;,)'3)4%-78'6-8+'),%1'!'.)81''
>-1;?-,'4,%'?=)'

!  <;.,4$';1'%;E)3),?4$'6)8:)),'.3-7,%'F;,1;%)9'8->G9'
4,%'UN'834*)1'F-781;%)G'

!  <;=7$4?-,1';,%;*48)'8+48'8+)1)'834,1=;11;-,''
$;,)1'*-7$%'6)'1*4$46$)'8-'$43.)'%)8)*8-31':;8+-78''
1)D)3)'%).34%4?-,'-2'3)1-$7?-,P'

!  N-D)3'$43.)'43)41':;8+'=7*+'3)%7*)%'*+4,,)$''
*-7,8''
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Future  

!  N-,1837*?-,'-2'q&Oq&'>$4,43'>+-8-B%)8)*8-3';==;,),8P''

!  W1846$;1+)1'8+)'>3--2'-2'>3;,*;>$)]'8-'6)'2-$$-:)%'6/''
*-,1837*?-,'-2'COA'4334/'F,-8'>438'-2'8+)'V#W'4>>3-D)%'
>3-b)*8G''

!  WO>$-3;,.':;%)'4334/'-2'4>>$;*4?-,1'8-'63;,.''
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