crceen | Two Pixel Configurations Under Study

BEERKELIEY L&

S Bt AW erolihiclategrated Stitcitre
= Axialfarray el six perr haliFstructure
= 240 AmmWid e detecLors;, aray, ol 2
= B conlINGg Passages; doukle pass
— 800mmiieng structure

o Second: Staves Wilii SUpporbig Siell.

= Clrcumierentialiarray: off 14" staves
— 16 Zmmwide detector, 48 moedules per stave
= Overallllengith 77&mim

W.O. Miller




Integrated Menelithiec Structure

W.O. Miller




o - ;’%
-ﬂ‘w Preliminary’ Evaltuation off Integrated Structure

s Salienit peIits

= Constraint: stay/ clearr zone
areund ez pPIpE
s 7Omm diameter
= SUppert splithnte twerhalves

s Reguires eqgual moedules
around PEermeLer; fior:
groupIng twe ceeling tules,
Imletandiexitisame end

= |Heatlead assumpien fer
s00mmilength=4a-20\\/

s W pPass ok eachlcooling
tulke: SmmiliD e limit
pPressure drep ter=200misel;

8 |ssues under study: conling and
Structural SUppPoert e mmimun
radiatienlengith

W.O. Miller




% Integrated Structure (Continted)

BEERKELIEY L&

e Split Structure

= Sandwichl structure, Withrcooling tulbes embedded between 2-1ayer:
composite facing

o) Composite’laminate producediusing KISD2ZUMIBEerS andl Cyanate
[ESter resin

— 5mils fer twae layers (0/90)
s 5 mm IIDrAIumIntm tutsimg, L2 milwallf(5: 6 mn ©D)

o) EEA StructuraliMedel
— JiUkES and feam core treatedi as selid elemenits
s \ass of coolant, average densiity 145keg/m?>
= Quiter surfacerlaminate: Used laminate element; Withrsinglermateral

= IRREr surface (Saw-teeth) contain laminate elemenits wiithrmateral
designations o)

o) Composite layers (07°0)
o' Silicon moedule assembly; OrSmmisilicen
s. Cable; O.9mmiunifiermralenalengih

W.O. Miller
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A\"'I \"1 Gravity, Sag
.
o Viedel lvased on G leading vertcal
= Sag measurediniecal coprdinates
= i trapslatientysivertcal"aleng shell'splitplane

utput Set: N NASTRAN Case 1. Cantour: T1 Translation

— Viaximuim sag —2.8microns 9.851E-8

-8.228E-8

-2B631E-7

-4.438E-7

-6.246E-7

-8.054E-7

-9.862E-7

-1.17E-b

-1.35E-b

-1.53E-6

-1.71E-6

-1.89E-6

-2.07E-b

-2.25E-b

-2.43E-6
-2G1E-B
-2.79E-6 -

W.O. Miller
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A\"'I \;;1 Fhermal: SOC llemperature Change

BEERKELIEY L&

o Jhermal strain due to coel-down

— Local coordinates, T2 Is transverse to
vertical plane aff Symmetry,

s pealkk shape change-is' 5U5TiC Fomngentour T2 Transiston e

IERE]

0.00000416

0.00000347
0.00000279
00000021

0.00000142

1.37E-7

Unfortunately the out-
plane distortion is a e
combination of T1 an T2 1,326

5.268E-8

-0.000002

-2.6BE-6

SIS Eh

-4.05E-6

-473E-6
-5 42E-5

W.O. Miller
VG 6




A\"'I \;;1 Fhermal: SOC llemperature Change

BEERKELIEY L&

o Jhermal strain due to coel-down

— X& direction 8.2 to 6.6 microns

= 2 ut Set: kW MNASTREAN Cage 1, Contour: T1 Translation
sXs splitplane, using symmetry 0.00000664

pboeuRdan/conditions 0.00000572
0.00000479

0.00000356
0.00000253

0.000002
0.00000107

1.41E-7

-7.087E-7
-1.72E-B

-2.65E-6

-3.58E-B

-4.51E-B
-5 43E-6

-5.36E-6

-7.25E-6

-8.22E-b
W.O. Miller

VG 7




[DESCrIpLIoN
— [setropic carbon foami SOW)/miK

o Specializediew density (0. 14g)/cc)
fieamkE EnanCed e igh
CONAUCHIVIGY,

[DELECLOr 250mICHONS
Chips 200 micrens

BUmp Bends 25mICrons

Interface resistance firom: bending chip
b fioamrequal ter0: W/ mK 4 mil
thicknessi(CGL7018)

Pixel chiprheating: 0.6\/)/cm?
Simulated tubenwall =22CE

® Results
—  Peglkichipredge =-16.5 °C
= Detectoriower than=17.5 €

W.O. Miller




Addition off Laminate
= Determine efifiect o adding
compesite laminate beEReati 15,9079
elecuronics

(B) Static Temperature -Celsius

-15.2308

Smil Laminate thickness, plus
4mil CGLC 7018 adhesive
IDENEALHIthE EIECLFONICIChIPS

o |[aminate K= 44N/ miK

Result of Laminate
Addition

— DEtector peak -16:5CE Versus
~17.5C€ befere

DEtECLOR tEMmpPERaLURE

= (Cleselyimatechesiocal chip
temperatire; by ViktUe of
bUMp bonds

W.O. Miller




Stave Appreach

W.O. Miller
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ﬂ'::'\""l \'ﬁl Staves With Support Shell

®F |SsUes
= Confined space; need additenalireen e stppertshell
— Previde stave wWith 5 peint sUpport
oL Viinimize sag and eut-ei=plane disterten e SsUlb-ceeling
= MiRimize ameunit ol construction materal

s’ Combination e highrconductivity/ feam as helore 1n the integrated
design

= And twelayer laminate, uni-tape or singlelayer e weven
cloth

s Vet happenRs toNnteriacial Stiesses
— Calculated, buit hest reselved threugh testing
S ApPpPreach thusihiar

— Design layeult 16 COMPress GeGMmELR: INErR diameter set at 70mim),
outer diameter 2 (Imoest likely: =—88mn)

= Analyze asic stavestiffiness and thermal perfermance

W.O. Miller
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Stave 1: Basic FEA Conliguration

Efifects simulated
— Vassiof coelant, average density 145kg/me
= |Laminate, 2 layers: 2.5mil; 0/90; K13D2U
s, Radiation Cengthrestimate=0.552%
= Eeam=0111%
= Jubke=0:3%

— Compesite=0.11% 5.6mm OD tube

—  Cooelant=0:012% 5mil laminate N 12mil wall

0.5mm of silicon to simulate chips and detector
Also 0.9 mm of Kapton cable for additional mass

W.O. Miller
VG 13




OD=88 mm

— T R ID=~69.75m
amount of fioam - o N
material | | '

IMPact enRrthErmal
mechanical design

W.O. Miller
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crceer \'ﬁl Stave 2: Wiith Offset Mounts

S Space onhack=side next termeunits appears adeguate te place
caple; e wWiapsaretRd meunting

Relocate cable Cxloliz

W.O. Miller




*:::r\r‘?'l ﬁ] Stave 1. Gravity, Sag
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Ciytput Set Mx NASTRAN Case 1, Deformed(8.479E-8): Total Translation, Contour: Tatal Translation
8.479E-3

® Upper Stave position near 7 949E-8
vertical centerline 7.419E-8

— Modeled Y% length, from mid
plane of symmetry of a 778 mim

G.0G9E-3

B.359E-8

5.029E-3

Jonqg stave £ 299E-8
— Model provides effect of a 5 4.769E-8

point suppert stave length 4,239E-8

e Resuliting gravity sag 3709E-8
O)OE5IICI0IIS 316E-0

2. BEE-8§

2 12E-8

1.69E-8
1.06E-3

5.299E-4

0.

W.O. Miller
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-ﬂ:‘:’\""l \"'] Stave 1 Thermal Distortion

BEERKELIEY L&

Cutput Set Mx NASTRAN Case 1, Deformed(0.00000562): TZ Translation, Contour: TZ Translation
0.00000375

Cool-down effect: 50°C Delta 000000316

. . . . 0.00000257
— Most of distortion is contraction
along stave length

0.00000199
0.00000714

Distortion T2 Is out-of-plane (5T
T2 peak distortion Is 5.6microns 23367

-3.519E-7

-9.373E-7
-1.52E-6

-2 11E-R

-2 BYE-B

-3.28E-f

-3.66E-6

-4 45E-f

-5.03E-R

-5.62E-R

W.O. Miller
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creee) \'i%] Stave) 1. Thermal Strain

o Siress in Eeam/Ziiuke Interiace
= Evaluated withoeuir compliance oiflhonding adhesive (CEL7 048 type)
—  Contraction elif Al tulke producesilocal stress) ol SO0pSI at Interiace
' Efiiect best evaluated through testing

= Planiis teruse speciall Retculated Vitreous Canbon Eoamwith enhanced
thermalrandimechanical pPreperties

W1 Output Set: Nx NASTRAN Case 1. Contour: Solid %on Mises Stress
L2 53554868
8“2 5024618.
4633250
4361882
4030514
- - 3694146.
Solid Von Mises Stress
3036410.
2705042
2373674,
2042306.
1710934
1374571,
1048203
716835,

3856467,

54094

W.O. Miller




r;::'“'l \'f‘]. Stave 2: Gravity Sag

BEERKELIEY L&

o Upper Stave pesiticn near vertcal centerline

= WViedeled ZNenaithy /e/iiia plae olesViilieiiy
Olia 7SN erqisSiave

= Viedel provides efifect ol a S pelntsuppert stave
Ie n gth Dutput Set: NA NASTRAMN Caze 1, Deformed(4.07E-7): Total Translation, Contour; Total Translation

o) Resuling gravity sag 0.41microns

W.O. Miller

4.07E-7

381E-7

3.5BE-7

0.00000033
3.05E-7
0.00000028

2.54E-7

2.29E-7

2.03E-7

1.76E-7

1.52E-7

1.27E-7

1.02E-7

7.623E-8

5.0B2E-G

25E-G

.

VG 19




al ;I%
CESErr ‘ml
_

Stave Z: Graviity, Sag-Ofif: Set Meunit:

e [ffect on rotation of stave

W.O. Miller

Viaximum retation 1.9uradians, due to sag

Output Set: Nx NASTRANCase 1, Deformed(4.38E-7): T Translation, Contaur: T2 Trans!ation

3547E-8
5.854E-9

-2.377E-8
-5.339E-8
-8.301E-8
-1.126E-7
-1.422E-7
-1.719E-7
-2.015E-7
-2.311E-7
-2.607E-7

-2 4903E-7

-3.2E-7

-3.496E-7
-3.792E-7
-4.088E-7
-4.384E-7




- A&
-ﬂ:‘:’\""l \"'] Stave 2: lThermal Distortion

BEERKELIEY L&

Stave wWith eut=ef-plane hendingl due te cool-down 50°C

= Voedeled 72N engitia 17e/Ia ol 2/[ae 01 S Vil e/ Cliar 77 il
JorgLStave

— Viedel provides effect oif a S peint suppert stave lengith
Resuling BERCING 54, 5 /77/CI oIS

out Set: N NASTRAN Case 1. Deformed(0.0000515): T2 Translation, Contour

0.0000515

0.000048

0.0000411

0.0000376

0.0000271
0.0000237

0.0000202

0.0000767

0.00001 32

0.000003975
0.00000B27

D.00000279

-6.9E-7

W.O. Miller e -4 17E-6
VG 21




Ezh{"”\‘fl StaverZ: hermal Strain

BEERKELIEY L&

8 Siress induced by contraction
— [Less thaniin Stave 1 geemetny
= 1A5ps], more localized at'ends
= Bemminditl that compliance o adhesive not present

Output Set: Nx NASTRAN Case 1, Contour: Solid Von Mises Stress
1000000,

940625,
8a1250.
21575,
7B2500.
703125,
B43750.
hE4375.
h25000.
65625,
06250.
346875,
287500.
2ea1 2k,
163750.

1049375,

50000.

W.O. Miller




Stave Z: Thermal Selution

Viodel Parameters
Caren Foam), 45\W/mK
Compositer Facing, KisP2U=55Y6) Vol firaction

o1 (0/90) Ke=0: 55\ mke220MW/mkeplanar (neraxial thermaliaradient se: this
PaliaMELEris net anissue)

ChIp 0:Zmm
BUump bond thickness, .05mm
[DELECtor, 0:25mm
o, Adhesives
= [UBerto) fioam), 2mils; 0r8\/miK
= Eeam o, composite fiacing, 2mils; O:SWW/mkK
— Chiprter composite facing), Lmil, 08V mK
—  (@Cable o detector moedule, Zmilsy 1.55 W/mK

W.O. Miller




A\"'I \;;1 StaverZ: Ihermal Selution-NorCalsle

BEERKELIEY L&

s Coolant Tulke “BC*

— -229C
s, Chip Heat Elux; 0.6MV/cmz
o1 Detectorlemperatunes

— [efit edge, -16.9°C

— Middle, =17.3CC

— Right, -17.10¢

W.O. Miller




*:‘:;ﬂfl Stave Zz: Thermal Solution-Wiith Cable

BEERKELIEY L&

® (Cable heat load

= Adds arheat: filux of 0 LW/ cm?
torthe; 0L6\V)/cmz chip heat load

GradiEnt bErOrEWas 4. 7°E€,
detector middle tortube inner
surface

\Would expect gradient of
S,AGLE NEW,

Gradient oy firom detecior
middle te tube’stiface is) 5.32C

e Cable surface
= Pagiki=148CE o al All=7.2°C

— Pegk arfiected by K asstumed
e the CoppEer/Kapton cable

s [Used 035/ mK; WhErREaS
Kaptenalene s .12

W.O. Miller




“‘H‘:;}'I | Stave 2y Thermal Selution-\Withr Capble

BEERKELIEY L&

s hermal pletwiith
calble removed

— lllustrates;uniformity in
detector temperature

W.O. Miller




Detector hemperature: Stmmany.

Thermal Seluiiens: fior tWe designs; Ut tuniertunately/ differeni
detector layeuts

= Integrated, a/iierent by chproVeE gl
= StaVe-like, proviaes Coip/ele CoVerage

8™ o, alliEret I0aI)/SElaWICIESUUGCHIIES, GIIEWILIINESS IIGlElE) Gl ZEd.
TSt

oL \WithrtimewinliNorne ConiiiguraticnsS INte CORSISTERNCY/

s Hewever, the predicted detector suface temperature fior each Is:
— [lowFmass stave without cablerheatiload, -17°€
—  [low-mass stave withrcable heat load, =16°€
= Integrated Feamyiilbe SUpportwithoutcableload, =17:5%¢

o- Cauition), as analysisiproceeded slightly mere CONSErVatiVve Properties WenRe
UISEd oK the cComposite iacing and the fioam:

— Facing 0.55W/mKversus) 1,44W/mK
— Foam 45W/mK versus 50W/mK

W.O. Miller




