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AHCAL switch-on time =

- 100ps x 32 sampl 200ms g
us x 32 samples
1 mS bU nCh (16 analogue stages ADC + TDC)
train  —*~—
”HHH' AID conv |05 < . readout 24 SPIROCS @ 3MHz ”HHHH
~3.2ms _
2us -
pWr_a i preamplifiers (main consumer)
20us >

pwr_sca_dac analogue memory, reference DACS, dig. front-end

pwr_adc ADCs

v

sequential
power cycling 11121131]]4 EEm |23| |24|

v

v

ILC bunch train rate: bHz

SPIROC: Main consumer is preamplifier!
=> good approx.: AHCAL switch-on time = ~2ms (1%)
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AHCAL: In-Detector Power =

1/16 of half barrel
(38 to 48 layers)

Typical AHCAL layer:

Pasic = 25uW/chn (1% on-time)
Pspy = 50V*0.3pA = 15uW/chn
P cs = 2uW/chn (rather vague)

111111

Nenn = 2592 (in 3 full slabs)

rrrr

H= 100 cm

=> Payer = ~110mW (1% on-time)

.Endcap Power"

This does not seem to be much, but the power is ,trapped”
inside layer (i.e. no .air-flow").
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AHCAL: Endcap Power 1%

AHCAL input voltages: +6V, +12V, +60V (SiPM bias)

Baugruppe ; Applikation
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10V/50V
10V/50V
10V/50V

CALIB
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DIF
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POWER
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VDDA
VDDD
VDAC
VREF
HWVA
Hv2
HV3

VCAL11
VCAL3V3

VDIF3V3
VDIF2V5s
VDIF1V2

VPWR3V3
VPREF
VPREF
VPREF
VPREF
VPREF

By H. Wentzlaff

Mathias Reinecke

Total Power of 1 AHCAL layer @ 1% switch-on time
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LP3876ES-ADJ
LP3876ES5-ADJ
LP3874ES-ADJ
REF194ESZ
LT3010EMSS8E
LT3010EMSSE
LT3010EMSSE
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LT1763CDE
LT1763CDE
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LT1763CDE
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vl

6,0
6,0
6,0
6,0
60,0
60,0
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6,0
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3,3
3,3

Uoutz

vl

50,0
50,0
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300

400
100
100

500
10
10
10
10
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FE
Abfall  Abfall Verlust
lout Uregier Uregier | PRoglar Puwz  Pouetie
[mA] [Vl [V] W] W] W]
2,50 0,0275 0,039 0,066
2,50 0,0175 0,025 0,042
1,00 0,001 0,005 = 0,006
1,50 0,0015 0,006 @ 0,006
4,00 50,00 10,00 0,2 0,04 0,24
0,00 50,00 10,00 0 0 0
0,00 50,00 10,00 0 0 0
Sums 0,2475 0,113 0,36
1,00 0,02 0,22 0,24
2,70 0,81 0,99 1,8
Sums 0,83 1,21 2,04
2,70 1,08 1,32 24
3,50 0,35 0,25 0,6
4,80 0,48 0,12 0,6
Sums 1,91 1,69 3,6
2,70 1,35 1,65 3
2,70 0,027 0,033 0,06
2,70 0,027 0,033 0,06
270 0,027 0,033 0,06
270 0,027 0,033 0,06
2,70 0,027 0,033 0,06
Sums 1,485 1,815
Total Power 4,4725 4,83 9,30
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AHCAL: Estimated Power =

AHCAL voltages: +6V, +12V (calibration system), +60V (SiPM bias)

1% duty cycle (typical layer):

Piotal, layer = 9-3W (effective power (ep) + power dissipation)

Pigiabs = 113mW (in-detector, ep)

Pcalib =12W (ep)

Pye= 1.7W (ep)  Iseabs = 1.85A (current into detector when on-

Poower = 1.8W (ep) 1% of the time)

100% duty cycle (typical layer):

Piotal, layer = 21W (effective power (ep) + power dissipation)
Pigiabs = 6.84W (in-detector, ep)

Pcalib =1.2W (ep)
Pyr= 1.7W (ep)  Issiaws = 1.85A (current into detector,

Poower = 1.8W (ep) 100% of the time)
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Power Pulsing Tests =

Detector electronics (Load) is switched between ,off" (no current)
and ,on" (full current) with 1% duty cycle.
=> Oscillations on 2.20m-long power-ground system?

Test Setup

O &
o LT1575 — Load
Bias o Sab
1 (19cm) —t l
T C
Lit)

Tested:
Switched Current: 0.7..3A
Load Block Caps : 0...10uF (later: distributed in gap)
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Power cycling test setup =

/' Test Setup \ Settling time (Load side)

Voltage within 50mV of final value.
Aim: reasonable values for efficient
power cycling (< 50us)

Overshoot
Aim: Protection of devices, stable
register settings.

B?as LT1575 — G Slab Load
-0 c—_r| }j
i J; I (19cm)
-T- C
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Power Pulsing: Results

e
Typical resuits for overshoot (loadside),
Zhowghher;re for SWIITih_O:’ij c.afle5((\)/vo\r/s‘r-case). Blocking C on
v?; oot on regulator side: mV. Load Side
U
.;. 4 Al . OIJF
O 35 .
o
L
o 3 -
q) l
5 2,5
: . 0.1uF
1,5 =
1 " >
y ; _ P
, ; —
o T A, 10,
Test by 0,5 0,75 1 1,25 15 1,75 2 2,25 2,5 A 2,75 ]-OL/F
H. Wentzlaff Load Current [A]
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Power Pulsing: Results

Fe
Typical results for settling time (loadside, aimed: <50us)
10 i
g 9 [us] //
o 5. Blocking Clon Load Side ll"li/ Test by
= . — H. Wentzlaff
= 7.1 Settling to <50mV____~
(@)
g . yd
% /‘—_"/
ZI / 100nF
4 - + +
4 * » + il
2 / pd
* / /
’ / pd 0
0 pab S—— / ! HETr
I I T [A]
0,5 0,75 1 1,25 1,5 1,75 2 2,25 2.5 2,75
Load Current [A]
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AHCAL: Stack Heating =

Calculation and Results by P. Gottlicher

symmetry: no transport at z=0m

=z

Heat transport in directions:

j  homogeneous heating:
==p N\ O heat transfer in

r aternating structure
with air gaps
every air gap is heating
==pNO heat transfer inr

ng in all gaps

z cooling at end plate
Heat flows in solid material,
air gaps too small, no convection
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AHCAL Slab Interface (Mech.) ==

HBU PCB  HBU Flexlead Light-seal

intferconnection
Steel Robust interface Component
absor‘ber‘ Connec-‘-or‘ helghT

2cm

\ Preliminary!

\N

. Cooling pipe
SiPM Cassette nIPP cha?‘h l(Elzcéch;p
. bottom plate, Interface with DIF
Tile extended Board (IB)
Not in scalell
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Basic Parameters

Heat production: Geometry:
Power: P, _,=40-W/chan N, = 1000/m?
Ail\(/: : 1%55mWV\/”%han 50V*0.3mA Peex ~2ED BlEN =
: +15mW/chan: *0.3m -
Infrastructure; + 27 L heat = 2.2M (length)
A oqe = 2T

Material constants:
Stainless stedl: Which one?

geq —15W/Km other publication 15-25W/Km
ke = 3 /MIM3K

In detail see: P. Gottlicher ,System aspects of the
ILC-electronics and power-pulsing”, Topical Workshop on electronics
for Particle Physics (TWEPP-07), pp. 355-364, Prague, Oct. 2007
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AHCAL heating: Results =

oT _

Temperature T for ?—0 1
P, N
T = —(Z L) S99 5T (2:0) = 0.33K
2 A ot Ao

Time dependence (Fourier transformation with components
parameterized by t, o(1)),

elements: A e-(1/1) cos( 2pau(x/Lyeqt) )
One cooled end, and one with to heat flow: o= (1/4, 3/4,5/4,....)

2
K ged Lheat

A 0F
Slowest component (a=1/4) : 1 = 5.6days
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Results

AHCAL heating

Heating up of HCAL

fourier components
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Conclusions =

-Heating of AHCAL stack is small (0.33K @ z=0), but cooling is needed
at the end-cap (liquid cooling), external heating (e.g. ECAL)
is not included in this calculation. Assumptions for the power dissipation
correct?

-Time constant of heating is large (several days)

-Regulator setup enables small settling times (<10us) and
overshoots (<1V for 1uF blocking caps) for the ILC power pulsing.

-Power of one layer is small (1% duty cycle): 110mW per in-detector layer,
10W in total for one layer (preliminary).
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