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@ In previous simulations...

A generic ladder was implemented (see my talk in Barcelona for details)
»CVD-Diamond finger conecting the ladder to the cooling block

Ladder length=65.5mm Sensor width=12.5mm Diamond width=7mm
Ladder width=15mm Sensor length=37.5mm Diamond length=10mm
Length DCD+DHP balcony=28mm Diamond thickness=400pm
Width Switcher’s balcony=2mm
htc=27.52 W/im"2-K | Air speed=1 m/s htc=27.52 W/m"2-K | Air speed=1 m/s
Sensor thk.=50 um Sensor thk.=50 um
I%%Vn?;gzg \ll\-llrrEr?—I:(Ol k cc:r(lztactszs W/m-K I%Tlvr:;gzg \ll\-ll;%b—iol k cc:r(lztacts:3 W/m-K
= Without TPG — With TPG

With TGP strip (1mm wide)

= = ol T T

0 12 24 36 48 10.141 20.281 0.422 40.562
i 6 18 30 42 54.858 5.07 15.211 25.351 35.492 46.357
&5 DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia) DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)
T.x=55°C T, =46°C

The TPG strip underneath the SW’s balcony was mandatory (~10°C less)
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@ Layout for the mechanical dummies (Laci’s proposal)

Ladder length=78.35mm Sensor width=12mm
Ladder width=15mm Sensor length=61.35mm
Length DCD+DHP balcony=17mm
Width Switcher’s balcony=2mm

The geometry is now different
> New ladder dimensions

> Insensitive area to glue both halves
» Etching on balconies to reduce material

Etchinp
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@ Outer layer implemented in ANSYS (no etching)

@ o. ;&@
ixel O
\ 14 H \ 4
Old" generic geometry New’ outer layer geometry
htc=27.52 W/m"2-K | Air speed=1 m/s htc=27.52 WIm"2-K | Air speed=1 m/s
TonIORC | Teb  ec TenaioC T ¢
5 \I;V %lﬁms;g (\BN/m-K | k contacts=3 W/m-K \ljvti)tlrl]msfgéN/m-K | k contacts=3 W/m-K
Peensor=1W Peensor=1.57W to compensate the bigger

area, and compare both results

S SR lEE T |

PowerOId geometry __ Sensor AreaOld geometry

PovverNew geometry Sensor AreaNew geometry
—— 1 o —— 1 o
0 12 24 36 48 0 10.827 21.654 32.48 43.307
6 18 30 42 54.858 5413 16.24 27.067 37.894 49.494
DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia) DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)

Tmax=550C TmaX=49.5°C
- The new ‘spacing’ helps to cool down the detector

How many pixels do we have in the outer layer (power consumption)?
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® Frame perforation

Simplification: Rectangles instead of prisms

Etching

Joint of the
two halves
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@ New geometry implemented in ANSYS (with etching)

% S
; (]
E"'“fxei U"""@

> Will the etching modify the heat path?

‘New’ geometry (w/o etching) ‘New’ geometry (with etching)

htc=27.52 W/im"2-K | Air speed=1 m/s

htc=27.52 W/im"2-K | Air speed=1 m/s

Sensor thk.=50 um Sensor thk.=50 um

Tenv=10°C | Tch=0 °C Tenv=10°C | Tcb=0 °C

k bumps=6 W/m-K | k contacts=3 W/m-K k bumps=6 W/m-K | k contacts=3 W/m-K
Without TPG Without TPG

I:)sensor: 1.57W Psensor= 1.57W

T = o — Bl i AEGHELT S L I o T T e 3i: AT e LT I
; i [
i ! i

- | I | | —
0 21.654 32.48 43.307 0 10.162 20.325 30.487 40.65
5413 37.894 49.494 5.081 15.244 35.568 46.457
DEPFET thermal for Belle-ll, C. Marinas (IFIC-Valen cia) DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)

T x=49.50C T 2 =46.50C
- The opened holes increase the heat
exchange with the sorrounding air (convection)

Carlos Marinas, IFIC, CSIC-UVEG

Belle-II PXD Meeting 6



@ 'Relaxed’ environment constraints

Starting point...

htc=27.52 W/m"2-K | Air speed=1 m/s
P

Tenv= 100C k bumps=6 W/m-K | k contacts=3 W/m-K

Tc_oolingblock= QOC Without TPG

Diamond width=7mm

Diamond length=10mm

NO TPG

Peoneo,=1Watt Tmax=38.5°C - Quite high...

\
5 AR [ERFRT=H I s [HAE T FrERE] AR e TR T T
= 1 "
I byl Ptk et b i

In order to reduce the temperature, we can play with:
a. Diamond geometries
b. Environment conditions

j ___ — — I
0 8.41 16.819 25.229 33.639
4.205 12.615 21.024 29.434 38.444
DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)
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@ a. Diamond geometries (Wider)

htc=27.52 W/m~2-K | Air speed=1 m/s

T. =100C Sensor thk.=50 um

env— Tenv=10°C | Tcb=0  °C

T _ OOC k bumps=6 W/m-K | k contacts=3 W/m-K
coolingblock™ Without TPG

- Diamond width=15mm - Wider diamond

Diamond length=10mm
NO TPG

Psensor=1Watt T, =37.7°C

AT=TW=15mm'TW=7mmN'10OC

» The temperature is dramatically decreased at both ends (~100°C less)
* T« IS @almost the same; the center is an issue for the air, as demonstrated

) o
0 8.248 16.495 24.743 32.99
4,124 12.371 20.619 28.867 37.703
DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)
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@ Diamond geometries (Wider+shorter)

htc=27.52 W/m~2-K | Air speed=1 m/s
FoVA0 | Tehd o

Tenv= 10°C \l;vbtl?]m[g[s;gc\;N/m-K | k contacts=3 W/m-K

—_ Ithou

Tc_ooling block™ (_)OC

Diamond width=15mm

- Diamond length=0mm

NO TPG

Peoneo=1Watt Tax=37.5°C

» The temperature is slightly lower
* T IS @almost the same

» No such a big improvement!

| —— I
0 8.196 16.392 24.588 32.784
4.098 12.294 20.49 28.686 37.467
DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)
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@ b. Environment conditions

Proposal to build a common dry volume SVD+PXD

htc=27.52 W/m~2-K | Air speed=1 m/s
Sensor thk.=50 um

-2 Ty =-8°C I%r&\ggso—% lWT?n2:I2| kcc;)r%acts—:% W/m-K

S Tenv —00C Withott TPG )

Diaﬁioo"l:%jblﬁd_th— 1 Emm The tempereture decreased
Diamond len th_—Omm 17.5°C playing with the

Ng Tg G ength= environment

Psensor= 1watt
With this option... the cooling problem is solved!
» Now we have an engeneering problem!

L. —
-.001395 4.436 8.874 13.312 17.749
2217 6.655 11.093 15.531 20.285
DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)
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@ Environment conditions

htc=27.52 W/m”2-K | Air speed=1 m/s
Sensor thk.=50 um

T. =-80C Tenv=-8°C | Tch=0  °C

env k bumps=6 W/m-K | k contacts=3 W/m-K
T =00C Without TPG

coolingblock -
- Diamond width=7mm
- Diamond length=10mm

NO TPG
Peoneo=1Watt Trax=30.5°C

- Long and thin diamond

With this *hard’ conditions... almost any solution cope with the
temperature requirements (even thin and long diamond).

| |
-.001394 6.667 13.335 20.003 26.671
3.333 10.001 16.669 23.337 30.481
DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)
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@ Direct contact (‘Diamond-less’ design)

Completely new cooling concept

htc=27.52 W/m"2-K | Air speed=1 m/s
Sensor thk.=50 um

Tenv=-8°C | Tcb=5 °C

k bumps=6 W/m-K | k contacts=3 W/m-K

T.=-8°C (Cold-dry volume) *"™™°

Teoolingblock=2°C (Water-alcohol cooling)
NO TPG

Pensor=1Watt T . =20°C

4.987 8.305 11.622 14.939 18.256
6.646 9.963 13.28 16.597 20.151

DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)
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@ Paths (‘Diamond-less’ design)

htc=27.52 W/m”2-K | Air speed=1 m/s
Sensor thk.=50 um

Tenv=-8°C | Tcb=5 °C

k bumps=6 W/m-K | k contacts=3 W/m-K

Without TPG
19.497 1 15.907
18.049 14.818 2
16.598 13.726
15.147 12.634
O 1369 O 11542
o °
5 12.245 5 10.45
© ©
e 10.794 g 9.358
IS £
2 9.343 A 8.266
7.892 7.174
AT=14.5°C AT=10.9°C
6.441 6.082
4.99 | 4.99
0 032 064 .096 128 1 0 032 064 096 128 157
016 048 .08 112 144 016 048 08 112 144
Length (m) Length (m)
_ Temperature distribution all over the path points
" DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)

A
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@ Comparison of the two options (with/without CVD)

htc=27.52 W/m"2-K | Air speed=1 m/s
Sensor thk.=50 um

Tenv=-8°C | Tcb=5 °C

k bumps=6 W/m-K | k contacts=3 W/m-K

Tenv=-80C (C0|d-dry Volume) Without TPG
Teoolingblock=2°C (Water-alcohol cooling)
Diamond width=15mm

Diamond length=0mm _
NO TPG T2x=20.5°C

* This solution (without TPG) works as well

 The temperature is even more homogeneously distributed all over the
sensor... but the ‘diamond-less’ option is simpler!

» The advantage of this option is that we don't have to press the silicon but
only the diamond.

| I
4,998 8.393 11.788 15.184 18.579
6.695 10.091 13.486 16.881 20.519
DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)
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@ Comparison of the two options

+— Trx=20.50C

hic=27.52 Winv'2-K | Air speed=L mis Similar behaviour in both options...

Sensor thk.=50 um
Tenv=-8°C | Tch=5 °Cc
k bumps=6 W/m-K | k contacts=3 W/m-K

Without TPG
19.875 1 16.296 2
18.612 15.392
17.348 14.486
16.084 13.58
8 14.82 gi 12.674
() [¢3]
5 13.556 5 11.768
< ©
2 12.292 e 10.862
£ IS
2 11.028 AT 12 60C 2 9.956 0
e : o AT=90C
8.5 8.144
7.236 7.238
0 .032 .064 .096 .128 .15 0 .032 .064 .096 .128 157
.016 .048 .08 112 144 .016 .048 .08 112 144
Length (m) Length (m)
Ve DEPFET thermal for Belle-Il, C. Marinas (IFIC-Valen cia)
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cPFE
@ Bowing due to self weight and temperature distribution ) .

STEP=1 Sensor thk.=50 um ' % ,_::i'
SUB =1 Tenv=-8°C | Tch=5 °C ] L
TIME=1 k bumps=6 W/m-K | k contacts=3 W/m-K (] pI \ gg!.‘g'
UX  (AVG) Without TPG xe
RSYS=0
DMX =.909E-05
SMN =-.880E-05
SMX =.523E-06 \ p
Half free
ey » One end is completely
0 e\ fixed

» The other one, can move
only longitudinally (no
rotations allowed)

» The cooling blocks are
fixed

> Gravity+temperature

This is just a first approach...

® CTEg;ion, Varies with temperature (not
implemented yet)
» Mechanical properties of glue must be fixed
(generic epoxy adhesive numbers were used)
e Final constraints must be determined with the final
design of the cooling block

* No metalizations implemented

—— I
-.880E-05 -.676E-05 -.472E-05 -.268E-05 -.642E-06
-.778E-05 -.574E-05 -.370E-05 -.166E-05 .523E-06
Coupled fields thermal-mechanical-Direct contact, C. Marifias -IFIC,Valencia-
w
Undeformed ~—— Deformed
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k bumps=6 W/m-K | k contacts=3 W/m-K
Without TPG

\VG)
09E-05

L77E-06
18E-05

» Deformation in vertical direction ~9um
(~12um if upside down)
» Deformation in longitudinal direction ~7um

¥ - One end has to be free to move
Longitudinal deformations . in the longitudinal direction!

-.177E-06 .121E-05 .261E-05 .400E-05 .539E-05
.519E-06 .191E-05 .330E-05 .469E-05 .618E-05
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@ Cross-check with measurements

Average Deflection under Gravity

Sag~17um

60\ 40 20 20 40 /60

cement (m)

| + Measured
— Predicted

fertical displ:

11cmx1cmx450um??
Metalizations??
Constraints??

— —n(
-.893E-05 -.696E-05 -.500E-05 -.304E-05 -.107E-05
-.794E-05 -.598E-05 -.402E-05 -.205E-05 .505E-07

)

vletrology - self weigth, C. Marinas (IFIC-Valencia
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@ Final remarks

» Results to be checked with Karlsruhe in a short time.

e All the machinery is ready to simulate the multiple environment
conditions and geometries with and without diamond, and to produce the
plots to be included in the TDR. Very short time needed for the ‘plot’
production.
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Thank you very much!
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