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3D Detector/Electronics Integration Technologies -

Applications to LC, SLHC and Photon Sources
Ronald Lipton (Fermilab)
SLAC, January 13, 2010
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The Vertex Detector 
Commandments

!" #$%&'($)*+',-.-,-/0',)(('

• #$%&'($)*+'$)10'$-2$'3).45-4+$'

• #$%&'($)*+'30'6)4-)+-%.'$)64'

• #$%&'($)*+'.%+'4-((-7)+0'7%506

• #$%&'($)*+'$)10'8%,7*09'
:&.8+-%.)*-+;

• #$%&'($)*+'',)9-,-/0'60(%*&+-%.

• #$%&'($)*+',-.-,-/0'40)4'602-%.(

• #$%&'.%+'8%10+'+$;'.0-2$3%6('(-2.)*(

#$)+<(')**'='8),0'&7'5-+$>';%&')60':600'+%')44'?').4'!@')+'+$0'0.4'%:'+$0'+)*A

'''''

2Ronald Lipton, SLAC Inst. Seminar 1/13/2010
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Palette of Future Detectors
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Detector Mass

X)(('P6-106([
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Thinned Detectors and 
Radiation Tolerance 
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Noise and Power
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3D Electronics Concept
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Ronald Lipton
U. Chicago June 23, 2008

Industry Initiatives
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IBM/Cornell/UCSB Study – vision of 
22 nm 10Tflop 3D chip (2018)



3D Ingredients

#08$.%*%2;'3)(04'%.[
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• k-+$'-(%*)+-%.

• k-+$%&+'-(%*)+-%.'SR]=U

IU'D-2$'7608-(-%.')*-2.,0.+

8 micron pitch, 50 micron thick oxide bonded 
imager (Lincoln Labs)

8 micron pitch DBI (oxide-metal) bonded 
PIN imager (Ziptronix)

Copper bonded two-tier IC
 (Tezzaron)
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Fermilab Detector Initiatives

• O=`'FP'8$-7':%6'=CE

• X=#NCC'FP'R]='76%80((

• #0//)6%.'EX]R'FP'76%80((

• O=`=E'8$-7':%6'9N6);'-,)2-.2
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3D Integration by Oxide 
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DBI Process
(W. Bair, Ziptronix)
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DBI Test Devices at FNAL

• P0,%.(+6)+-%.'%:'+08$.%*%2;'5-+$'5):06('50'
$)4'f%.'$).4g

• j#0O'M`-W'K"!'Z]=E('N'KK'9'!Kp')66);'%:'G@'9'
I@@',-86%.'7-90*("'
@"KG',-86%.'#RXE'EX]R'N'pg'5):06(

• X=#'N'CC'F@@',-86%.'+$-8A'(0.(%6'5):06('
5$-8$'$)4')',)+8$-.2'7-90*'*);%&+'N'^g'
5):06(

• R0.(%6'f8$-7(g'5060'3%.404'+%'pg'Z]=E'
5):06(>'+$0.'+$-..04'+%'!@@',-86%.(

• j)8A(-40'8%)+04'5-+$'=.Nl)'0&+08+-8
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9.9mm
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Bonded Device Tests

• M`=WK'$)('56%.2'7%*)6-+;'N'40(-2.04'+%'
8%**08+'0*08+6%.('N'(%'4;.),-8'6).20'-('
4026)404
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Example of a die with a void in the oxide 

bond

Scanning acoustic microscopy
scan

Threshold and noise scans



Laser and X ray tests

• '!@^I'.,'*)(06'&(04'+%'+0(+'60(7%.(0'%:'0420'
8$)..0*('5-+$').)*%2'%&+7&+(

• O407*'H'pO

• C%5'8)7)8-+).80')((%8-)+04'5-+$'
-.+068%..08+

• Y%'01-40.80'%:'4-2-+)*'+%').)*%2'86%((+)*A

• l%%4'%106)**'706:%6,).80'N')**'8$)..0*('
8%..08+04'%.'4-0'5-+$%&+'3%.4'1%-4("

• O%-4'6)+0'H'IJK!S5):06!U>'!KJKG'S5):06'KU
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Beam and 
RadiationTests

• M`=W'+0*0(8%70'-.'
+$0'M06,-*)3'#0(+'
30),'5-+$'+$-..04'
(0.(%6(

• l%%4'60(7%.(0').4'
09708+04'60(%*&+-%."

• Z080.+*;'706:%6,04')'
E%^@'097%(&60'+%'!@X6)4'
5-+$'.%'%3(06104'0::08+('
4&0'+%'%9-40'3%.4
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3D Pixel Design for ILC Vertex

• l%)*'N'40,%.(+6)+0')3-*-+;'+%'-,7*0,0.+')'8%,7*09'7-90*'40(-2.'5-+$')**'
60b&-604'=CE'76%706+-0('-.')'K@',-86%.'(b&)60'7-90*

• '`601-%&('+08$.%*%2-0('*-,-+04'+%'106;'(-,7*0'8-68&-+6;'%6'*)620'7-90*(

• FP'8$-7'40(-2.'-.'X=#'C-.8%*.'C)3('@"!p'&,'R]='76%80(("

• FP'40.(-+;')**%5(').)*%2'7&*(0'$0-2$+>'(7)6(0'60)4%&+>'$-2$'60(%*&+-%.'+-,0'
(+),7'-.')'K@',-86%.'7-+8$'7-90*"

• #-,0'(+),7-.2').4'(7)6(0'60)4%&+'%88&6'-.'+$0'7-90*>'D-+')4460((':%&.4'
%.')66);'706-,0+06"

• ^I'9'^I'7-90*'40,%.(+6)+%6'106(-%.'%:'!A'9'!A')66);"

• R&3,-++04'+%'F'+-06'PBZ`BN(7%.(%604',&*+-'76%i08+'6&.("''R0.(%6'+%'30'
)4404'*)+06"

• C%5'7%506':6%.+'0.4'!pqG'rkJ,,K'9'P&+;'M)8+%6
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• 3 tier chip 

– 0.18 um (all layers)

– SOI simplifies via formation

• Single vendor processing

Oxide
bond

3D
Via

1) Fabricate individual tiers

2) Invert, align, and bond wafer 2 to wafer 1

3) Remove handle silicon from wafer 2, 
etch 3D Vias, deposit and CMP tungsten

4) Invert, align and bond wafer 3 to wafer 2/1 
assembly, remove wafer 3 handle wafer, form 3D vias 
from tier 2 to tier 3

Process Flow for MIT LL 3D Chip
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MIT-LL 3D Multiproject Run Chip Cross 
Section

8.2 !m

7.8 !m

6.0 !m

3D vias
Three levels 

of transistors,

11 levels of

metal in a

total vertical

height of

only 22 um.
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3D Geometry

Chip designers:

Tom Zimmerman

Gregory Deptuch 

Jim Hoff 

tim
e stamping

FE + discrim
ination

+ sampling

sparsific
ation



VIP1 Test Results

• j)(-8':&.8+-%.)*-+;'%:'+$0'8$-7'5)('40,%.(+6)+04

• `6%7)2)+-%.'%:'60)4%&+'+%A0.

• #$60($%*4'(8).

• =.7&+'+0(+'8$)620'(8).

• P-2-+)*').4').)*%2'+-,0'(+),7-.2

• M&**'(7)6(-L-04'4)+)'60)4%&+

• Y%'76%3*0,('8%&*4'30':%&.4')((%8-)+04'5-+$'+$0'

FP'1-)('30+500.'+-06("

• E$-7'706:%6,).80'8%,76%,-(04'3;'R]='-((&0([

• C)620'*0)A)20'8&660.+('-.'+6).(-(+%6(').4'

4-%40(

• `%%6'8&660.+',-66%6',)+8$-.2>'O44'(0.(-+-1-+;>'

*%5';-0*4

• B.'-,76%104'106(-%.'%:'+$0'O=`'5)('(&3,-++04'+%'

X=#'CC'-.']8+%306'K@@p"''#$0'.05'8$-7'-('8)**04'

O=`K

• X%60'8%.(061)+-10'40(-2.>'*)6206':0)+&60('N'

*0(('4070.40.80'%.'4;.),-8'*%2-8>'7-90*'(-/0'

K@NsF@',-86%.
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VIP1 Full Array Sparse Readout

23

Preselected pattern of pixels for the injection
of signal to the front-end amplifiers; pattern
shifted into the matrix, than positive voltage
step applied accross the injection capacitance;
threshold levels for the discriminator adjusted

according to the amplitude of the injected
signal

Pattern of pixels from the preselected
injection pattern that after injection of tests
charge reported as hit (grey level represents

number of repetition – 8 times injection)

Injection of Test Charge into 119 
Integrator Inputs of 64 x 64 Array



Silicon on Insulator

• R]='-('3)(04'%.')'+$-.')8+-10'8-68&-+'
*);06'%.').'-.(&*)+-.2'(&3(+6)+0"'
X%406.'+08$.%*%2;'&+-*-/0('HK@@'.,'
%:'(-*-8%.'%.')'f3&6-04g'%9-40'Sj]WU'
5$-8$'-('8)66-04'%.')'f$).4*0g'5):06"

• !"#$"%&'(#$)%*#+$,%&$-#$"./"$01%(.234$
'#2#,25+$/+%'#$6.(.,5&4$)".,"$57#&6$2"#$
7566.-.(.23$5*$.&2#/+%2.5&$5*$#(#,2+5&.,6$
%&'$*1((3$'#7(#2#'$'#2#,25+6$.&$%$6.&/(#$
)%*#+$).2"$8#+3$9.&#$7.2,"$%&'$(.22(#$
%''.2.5&%($7+5,#66.&/:

• P-%40'8).'30':%6,04'3;'-,7*).+)+-%.'
+$6%&2$'+$0'j]W

• h(04':%6'$-2$'(7004>'8-68&-+(>'-,,&.0'
+%'Rmh

• =,7%6+).+':%6'FP'-.+026)+-%.
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(Soitech illustration)

Steps for SOI wafer formation

Active

Substrate

(detector material)

Ronald Lipton, SLAC Inst. Seminar 1/13/2010



SOI Detector for HEP
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Backside implanted after thinning
Before frontside wafer processing
Or laser annealed after processing

High resistivity
Silicon wafer,
Thinned to 50-
100 microns

Minimal interconnects, 
low node capacitance

not to scale



SOI R&D

• ama'(7%.(%604',&*+-76%i08+'6&.')+'

]a="'#$0'8$-7'-.8%67%6)+0(')'!K'3-+'

8%&.+06')66);':%6')'$-2$'4;.),-8'

6).20'9N6);'%6'0*08+6%.',-86%(8%70'

-,)2-.2"Sl"'P07+&8$U

• E%&.+-.2'7-90*'40+08+%6'7*&('60)4%&+'

8-68&-+

• 'X)9-,&,'8%&.+-.2'6)+0'H'!'XD/

• 'm)8$'7-90*['ERB>'EZNZEK'($)706>'

4-(86-,-.)+%6't'!K'3-+'3-.)6;'

8%&.+06

• 'X)9'-,7*).+'7-+8$'SIJ7-90*U'-('

40+06,-.04'3;'+$0'f3)8A'2)+0g'0::08+'

5$060'+$0'+%7(-40'+6).(-(+%6('

+$60($%*4(')60'($-:+04'3;'$).4*0'

7%+0.+-)*
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1640 e-/h+ 

6100 e-/h
+ 

47 
µm

! MAMBO II pixel layout 

13 diodes

in parallel 

connection 



Thinning and Laser Annealing

• #%'30'&(0)3*0':%6'Dm`'+$0'R]='40+08+%6('.004'+%'30'+$-..04'\').;'%:'
(0106)*'76%80((0('8).'30'&(04"

• k0'.004'+%'76%1-40')'3)8A(-40'%$,-8'8%.+)8+'+%'+$0'+$-..04'5):06"

• Y%6,)**;'4%.0'3;'-%.'-,7*).+)+-%.')8+-1)+04'&(-.2':&6.)80')..0)*')+'
H!@@@'402'E"

• j&+'+$0'+%7(-40'$)('300.':&**;'76%80((04').4'50'.004'+%'A007'+$0'+%7'
30*%5'HG@@'402'E'+%'76%+08+'+%7(-40',0+)*

• h(0')'6)(+06'(8)..04'09-,06'*)(06'+%
',0*+'+$0'(-*-8%.'3)8A(-40'*%8)**;'\'
+$-(')8+-1)+0('+$0'%$,-8'-,7*).+').4'
607)-6('+$0'-,7*).+)+-%.'4),)20'3;'
6086;(+)**-/-.2'+$0'(-*-8%.

• P%.0':%6'X-86%.>'X=#').4'
B,06-8).'R0,-8%.4&8+%6'+0(+
5):06('

27



 SOI Sensors

• B,06-8).'R0,-8%.4&8+%6'4&)*'2)+04'MCmWMm#'\')1%-4('3)8A2)+0'0::08+

• #$-..04'+%'G@',-86%.(>'-%.'-,7*).+04>'*)(06')..0)*04')+'E%6.0**'h.-106(-+;

• R0.(%6('%.*;':)36-8)+04'%.'$).4*0'5):06

28

1 cm

Strip detector

Test
structures

picoprobe

Bias 
probe

Test reticule

Signals measured
directly using 
Pico probe and 
1060nm diode

Ronald Lipton, SLAC Inst. Seminar 1/13/2010



Commercial 3D Bonding

• #$060')60'F'10.4%6('+$)+'$)10'8%,,068-)**;')1)-*)3*0'S09+06.)*U'FP'
76%80((0("''

• #0//)6%.'\'&(0('E&E&'+$06,%8%,760((-%.':%6'3%.4-.2

• o-7+6%.-9N'&(0('P-608+'j%.4'=.+068%..08+'S%9-40'3%.4-.2U

• o;8&30'\'&(0(')4$0(-10').4'=.NB&'3&,7(':%6'3%.4-.2

• M06,-*)3'-('5%6A-.2'5-+$'#0//)6%.'+%':)36-8)+0'FP'-.+026)+04'8-68&-+('
&(-.2'E&E&'3%.4-.2"

• ]+$06('4010*%7-.2'E&E&'3%.4-.2'-.8*&40'=jX>'Z`=>'X=#

• M06,-*)3'-('5%6A-.2'5-+$'o-7+6%.-9'+%'4%'*%5',)(('3%.4-.2'5-+$'Pj='
+%'40+08+%6("'SM`=W'8$-7('+%'G@'&,'+$-8A'(0.(%6("U

• ama'-('5%6A-.2'5-+$'o;8&30'

29Ronald Lipton, SLAC Inst. Seminar 1/13/2010



Tezzaron 3D Process

• #0//)6%.'SY)7061-**0U'$)('4010*%704')'FP'76%80(('&+-*-/-.2'

EX]R'5):06('':6%,')'8%,,068-)*'=E':%&.46;'5-+$'8&N8&'

3%.4-.2').4'f(+).4)64g'+$-..-.2').4'*-+$"

• k):06('5-+$'f1-)('L-6(+g')60',)40')(')'76%80(('%7+-%.')+'

E$)6+0604'R0,-8%.4&8+%6'-.'R-.2)7%60"

• k):06(')60'3%.404>'+$-..04').4'+%7(-40'76%80((04'-.'R-.2)7%60'

3;'#0//)6%.

• j%.4'7)4(

• j&,7'3%.4'7)4(

• E%,,068-)*'S!@^'pg'5):06(U>'50**'8$)6)8+06-/04'@"!F',-86%.'

76%80(('N')1%-4('-((&0('(00.'5-+$'X=#J]a=

• j%.4-.2'706:%6,04')+'I@'`R=').4')3%&+'FqG'402600('E"

• j%.4-.2'4%.0'5-+$'-,76%104'mOl'8$&8A

• F'(-2,)')*-2.,0.+'u'!'&,

• X-((-.2'3%.4'8%..08+-%.('u'@"!'``X

30

CPU/Memory stack

CMOS Sensor

FPGA

6 microns



3131

Transistor fabrication 
Form supercontact 
Fill supercontact 

Complete back end of
 line processing by
 adding Cu metal 

layers
And top Cu metal 

Bond second wafer 
to first wafer using 
Cu-Cu thermo-
compression bond

Thin the second
wafer to about 12 um 
to expose contact.
Add Cu to back of 
2nd wafer to bond 
2nd wafer to 3rd

Stack 3rd waferThin 
3rd wafer  Add final 
Passivation and metal 
for bond pads
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Tezzaron Wafer
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Fermilab Tezzaron 
Multiproject Run

• M06,-*)3'-('%62).-/-.2')',&*+-76%i08+
6&.'-.'+$0'#0//)6%.'`6%80(('5-+$')'
+5%N+-06'FP'5):06

• `6%80(('8).'-.8*&40'XB`R'%7+-%.

• P0(-2.('-.8*&40[

• E%.106+'X=#'CC'O=`K)'FP'40(-2.'
+%'+$0'#0//)6%.JE$)6+0604'
76%80(('SO=`K3U'N'M06,-*)3'=CE

• E%.106+'KP'XB`R'401-80'40(-2.':%6'=CE'+%'FP'40(-2.'5$060'`X]R'401-80('
)60'7*)804'%.'+$0'+-06'5-+$%&+'(0.(-.2'4-%40('\'=+)*;'=CE

• EX]R'7-90*('5-+$'%.0'+-06'&(04')(')'(0.(-+-10'1%*&,0').4'+$0'(08%.4'
8%.+)-.-.2'0*08+6%.-8("'N'M6).80'

• E%.106+'+$0'8&660.+'@"KG'&,'B#CBR'7-90*'
0*08+6%.-8('+%')'FP'(+6&8+&60'5-+$'(07)6)+0').)*%2'
).4'4-2-+)*'+-06('-.'+$0'E$)6+0604'@"!F'&,'76%80(("'\'M6).80'(CDE

• WN6);'-,)2-.2J+-,-.2'8$-7'N'M06,-*)3JjYC
• FP'8$-7'5-+$'(+6&8+&60('+%'+0(+':0)(-3-*-+;'%:')'FP'
-.+026)+04'(+)8A04'+6-2206'*);06"'N'M06,-*)3'(CDE

• Y%5'-.'M)3
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Tezzaron MPW 
frame – each 
circuit contains 
right and left tiers 
after bonding

VICTRVICTR

VIP VIPVIPIC VIPIC

• VIP2b – Two –tier 
implementation of 
ILC VIP chip
• VIPIC - Vertically 
Integrated Photon 
Imaging Chip time 
stamping chip for x-
ray imaging
• VICTR – 3D chip 
for sLHC CMS 
trigger



Mating Sensors 
(BNL)

35

8 mm

Bottom sensor 1 mm stripsTop sensor 5mm strips

VIPIC sensor VIP sensor

VICTOR sensors
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3D Bonding/Tiling Process

R. Lipton May 8, 2009

Will be used for bonding 
Tezzaron 3D ICs to sensors



Application to x-ray imaging
VIPIC

WN6);'40+08+-%.'Sp'A0OU':%6'W'6);'`&*(0'E%660*)+04'R708+6%(8%7;'5-+$'R-'7-90*'40+08+%6

=.+0.404'+%'60)4'%&+')**'$-+('-.'H!@µ('5-.4%5'+%'76%1-40'+-,0'(*-8-.2':%6'(708A*0').)*;(-(

• ^Iv^I'7-90*(>'7-90*')60)['p@vp@'r,K'' ' '

• R07)6)+0').)*%2').4'4-2-+)*'+-06('

• +6-,'PBEJ7-90*':%6'%::(0+'8%6608+-%.(

• 7%506'8%.(&,7+-%.'KG'rkJ).)*%2'7-90*

• ERB['.%-(0'mYE'e'!G@'0N>'w7'e'KG@'.(>'2)-.'!!G',O'J'p'A0O'E:004up:M

• 60)4%&+',%40(['

• (7)6(-L-04>'3-.)6;'60)4%&+'S(7)6(-L-04'+-,0'(*-8-.2',%40U>

• '-,)2-.2'3-.)6;'60)4%&+',%40'SG'3-+'(-2.)*'407+$U

• 40)4N+-,0*0((').4'+6-2206N*0(('%706)+-%.'-.'3%+$'60)4%&+',%40(

• +5%'G'3-+'8%&.+06('706'7-90*':%6'608%64-.2',&*+-7*0'$-+('706'+-,0'(*-80'S&(0)3*0'-.'+$0'

-,)2-.2',%40U

• :6),0'60)4%&+')+'!@@'XD/'(06-)*'60)4%&+'8*%8A'

• !^@'.('J'$-+'7-90*'-.'(7)6(-L-04'+-,0'(*-8-.2',%40'S&7'+%'^@'$-+'7-90*('J'!@'r(U

• G@v!@F':6),0J('-.'-,)2-.2',%40'SG'3-+'8%&.+-.2U

37Ronald Lipton, SLAC Inst. Seminar 1/13/2010



Integrated Focal Plane Arrays

'''''#$0(0'FP'+08$.%*%2-0('76%1-40'+$0')3-*-+;'+%'
:)36-8)+0'*)620')60)'IN(-40'3&++)3*0')66);(

• Pj='8).'3%.4'8$-7('5-+$'!@',-86%.'(7)8-.2

• #%7(-40'+$-..-.2'76%1-40(')880(('+%'
-.+068%..08+('%106'+$0':&**'8$-7')60)

• Y%'40)4')60)'%.'0420(':%6'-.+068%..08+(

• C%5'-,704).80'8%..08+-%.'+%'26%&.4').4'
7%506'7*).0(

• l%%4'($-0*4-.2

• R07)6)+-%.'%:').)*%2').4'4-2-+)*'8-68&-+'*);06(

k0'$%70'+%'40,%.(+6)+0'+$-('5-+$'+$0'O=`=E').4'
O=`'8$-7('-.'+$0'#0//)6%.Jo-7+6%.-9'6&.

38Ronald Lipton, SLAC Inst. Seminar 1/13/2010



Application of 3D to a Track Trigger

• #$0'(+).4)64'*07+%.').4'i0+'+6-2206(')+'EXR'-.'
(CDE'5-**'()+&6)+0'N'+6)8A'-.:%6,)+-%.'5-**'30'
.00404'+%')8$-010')8807+)3*0'6)+0("

• #$0'7%506').4'3).45-4+$'.00404'+%'8%**08+')**'
%:'+$0'-.:%6,)+-%.'20.06)+04'3;')'7-90*)+04'
+6)8A06'-.')'80.+6)*'+6-2206'f3%9g',)A0('
'*%8)*',%,0.+&,N3)(04'$-+'L-*+06-.2'86&8-)*

• INp9!@q'$-+(J8,K'(08')+'6HFI'8,

• k$)+'50'5%&*4'60)**;'*-A0'+%'4%'-('*%8)**;'Su*%5'4)+)'+6).(:06'7%506U'
8%660*)+0'$-+'-.:%6,)+-%.'+%'+6).(:06''-.:%6,)+-%.'60*01).+'+%',%406)+0'7+'
+6)8A(':%6'L-++-.2"
#$-('-('09)8+*;'+$0'8)7)3-*-+;'+$)+'106+-8)*'-.+026)+-%.'76%1-40(

39



Double Stack Concept 

40 Ronald Lipton, SLAC Inst. Seminar 1/13/2010 
40 

Spreadsheet estimate 

Data flow: 

•! Hit information flows from top 

to bottom tier 
•!Bottom (master) tier looks for 

local correlations, filters 

clusters, and sends data off-

module 

•! Stubs are sent off the rod to a 
processor which forms local 

tracks (tracklets) and tracks. 

? 



Module Architecture
• R+6)5,).'N'C%8)*'4%&3*0+>'(0.(%6('(07)6)+04'3;'

!,,>'5-+$'-.-+-)*'8&+')+'HK'l0O

• #5%'(0.(%6('(07)6)+04'3;')',08$).-8)*'(7)806'

S*-A0')'8-68&-+'3%)64U

• R7)806'S8)**04'-.+067%(06U'8)66-0('&+-*-+-0(').4'

-.+06N8$-7'8%,,&.-8)+-%.

• R0.(%6('$)10'8$-7('4-608+*;'3%.404'SPj=U'+%'+$0,

• D-+'-.:%6,)+-%.'+6).(:06604'106+-8)**;')+'$-2$'

40.(-+;'&+-*-/-.2'+$6%&2$N(-*-8%.'1-)(')1)-*)3*0'

-.'FP'+08$.%*%2-0(

• E$-7('$)10'3%+$'60)4%&+').4'+6-2206':&.8+-%.(

• =.+067%(06'8$)6)8+06'4070.4('%.'

%7+-,-/)+-%.'%:'+$0'40(-2.'

• E*&(+0604').4'0.8%404'4)+)'(0.+'HFK'1-)(J

8,K'S*%5'1-)'40.(-+;>'$-2$'6)+0U

• B.)*%2'4)+)'(0.+':6%,'(0.(%6'N'!'-.+067%(06'

1-)J8$)..0*'S$-2$'40.(-+;>'*%5'6)+0>'*%5'

7%506U
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VICTR- Vertically Integrated 
CMS TRigger Chip

42



Doublet Layer Construction

4343

Readout IC wafer with TSV from 
foundry

Sensor

DBI 
bond

Oxide bond diced ROIC to 
sensor Wafer.

Flip, thin to expose TSV

Sensor

Contact lithography 
provides
Access to topside pads for 
vertical data path

Sensor

Thin to expose TSV

Sensor

Interposer

Test, assemble module with interposer

Sensor

Bump
Bond
module
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Module Structure

Rod

All-silicon vias (Silex)

Options for interposer depend 
on inter-layer connection 
density, mechanical, cooling 
considerations - important 
optimization problem

Test Interposer (Cornell)



Vertically Interconnected Module
conceptual design

45

CF skin for module protection
and mounting points Sensor 

Sensor with integrated
ROIC

Rigid/flex PC board

Twisted wire 
interconnect

Low mass spacer
Bump bonds

Passive components

Physically robust module
Power hungry parts near cooling
Provides electrical interconnect paths which should be conventional

Needs 2 layers of bump bonding
Relies on vertical interconnection of sensors and Ics

A rad-hard SOI or MAPS technology would also work



Back to Leptons

X&%.'E%**-406'O#W

• K@+$'E0.+&6;'(+&4-0(')((&,04'F@@'
µ,'(b&)60'7-90*(

• =CE'(+&4-0('.%5')((&,0'H'K@'µ,'

(b&)60'7-90*('9'KKG'*0(('%88&7).8;J
7-90*

• R"'l006'(&220(+04')'(+)8A04'*);06'
40(-2.'+%'604&80'%88&7).8;'3)(04'
%.'-.+06N*);06'8%660*)+-%.(':%6'+$0'
,&%.'8%**-406'-.'!??p

• #$-('+08$.%*%2;'*%%A('106;',&8$'
*-A0'5$)+'50')60'4010*%7-.2':%6'+$0'
EXR'&726)40

46

1999 µCol

Track 
correlation 
module

2009 Track trigger module for CMS Phase II
Based on 3D electronics

Ronald Lipton, SLAC Inst. Seminar 1/13/2010



The Vertex Detector 
Commandments

!" #$%&'($)*+',-.-,-/0',)(('
\'+$-..-.2').4'3%.4-.2

• #$%&'($)*+'$)10'$-2$'3).45-4+$'
\'106+-8)*'-.+068%..08+-%.

• #$%&'($)*+'30'6)4-)+-%.'$)64'
\'+$-.'40+08+%6(>'4007'(&3,-86%.

• #$%&'($)*+'.%+'4-((-7)+0'7%506'\'*%5'.%40'8)7)8-+).80>'($%6+'-.+068%..08+(>'
*-,-+'4-2-+)*')8+-1-+;

• #$%&'($)*+'$)10'8%,7*09':&.8+-%.)*-+;'\',&*+-7*0'*);06('5-+$'%7+-,-/04'
+08$.%*%2;

• #$%&'($)*+'',)9-,-/0'60(%*&+-%.\'L-.0'-.+068%..08+'7-+8$>',&*+-7*0'60)4%&+'
*);06(

• #$%&'($)*+',-.-,-/0'40)4'602-%.('\'I'(-40'3&++)3*0'=8(

• #$%&'.%+'8%10+'+$;'.0-2$3%6('(-2.)*('\'-(%*)+04'*);06(>',-.-,-/0'86%((+)*A

''''' 47Ronald Lipton, SLAC Inst. Seminar 1/13/2010



Conclusions

• B41).80('-.'=E'+08$.%*%2;')60'76%1-4-.2'098-+-.2'%77%6+&.-+-0(':%6'*%5',)((>'
$-2$'60(%*&+-%.'106+09'40+08+%6(

• B'8$).80':%6'Dm`'+%'60+&6.'+%'+$0':%60:6%.+

• ZnP'-.(7-604'3;'+$0'=CE'3&+'+$060')60'8%,70**-.2')77*-8)+-%.('+%'*%5'7%506>'
*%5',)((>'$-2$'60(%*&+-%.'(-*-8%.')66);(

• R-/0'%:'+$0'7-90*'8).'806+)-.*;'30'604&804'S.%'3&,7'3%.4-.2U

• Pj=')**%5('106;'L-.0'7-+8$').4'0980**0.+',08$).-8)*'(+60.2+$

• #$-.A')3%&+'$%5',&*+-7*0'*);06('%:'0*08+6%.-8('8).'0::08+'$%5')'7-90*'
40+08+%6'-('40(-2.04'S76%80(('L-0*4('%:'7-90*(_U

• ]7+-,-/)+-%.':%6'*%5'7%506').4',)((

• ]+$06')77*-8)+-%.([

• R;.8$6%+6%.'6)4-)+-%.'40+08+%6(

• m*08+6%.',-86%(8%7;

• atNs'xtyy'30),'+0*0(8%70

• X&%.'8%**-406'

• _

48Ronald Lipton, SLAC Inst. Seminar 1/13/2010



ILC Vertex Detector

j)(-8'2%)*(')60'09+6)7%*)+04':6%,'+$0'RCP'EEP

106+09'40+08+%6[

Q m980**0.+'(7)807%-.+'7608-(-%.'S'e'G',-86%.('U

Q R&7063'-,7)8+'7)6),0+06'60(%*&+-%.'
S'GT,'!'!@T,JS7'(-.FJK"U'U

Q #6).(7)60.8;'S'H@"!V'W@'706'*);06'U

\ `%506'8%.(+6)-.+'3)(04'%.',-.-,)*',)((

Q =.+026)+-%.'%106'e!G@'3&.8$'86%((-.2('SIG 

m(08U

Q m*08+6%,)2.0+-8'=.+06:060.80'SmX=U'-,,&.-+;'

Q X%406)+0*;'6)4-)+-%.'$)64'Se!'XZ)4U

Q R+).4N)*%.0'7)++06.'608%2.-+-%.'SR-PU

`%506').4',)((')60'+$0',%(+'(-2.-L-8).+'8$)**0.20(

EC=E')44('+-,0'60(%*&+-%.'+%')3%10

49
Ronald Lipton Vertex 2007

Parametric simulation assuming:
• 0.1% RL per layer
• 5 micron resolution
• 1.4 cm inner radius
Varying each parameter



Muon Collider

• Z080.+'5%6A($%7')+'M06,-*)3'+%'302-.'(+&4-0('%:',&%.'8%**-406'7$;(-8(

• !NF'#0O',&%.'8%**-406'%.'(-+0

• X).;')880*06)+%6'-((&0(

• R-+0'6)4-)+-%.'-((&0('\')'($)**%5'(-+0'098004('(-+0'3%&.4)6;'6)4-)+-%.'
*-,-+('4&0'+%'&#12+.&5'-.+06)8+-%.(

• P0+08+%6'3)8A26%&.4('

50

Neutron fluence/cm^2/bunch

103
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Muon Collider and LHC

• !'X2;'u'!@@'X6)4

• Y004'+%'(8)*0')**'7)6+-8*0'L*&90('+%'Y=mC'
4),)20>'+$0.'8%,7)60'+%'CDE'

• µE%**'(-,-*)6'+%'(CDE

51

(Mokhov)

!'X2;'J;6
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