SUPERCONDUCTING MULTILAYER HIGH DENSITY FLEXIBLE PCB

FOR VERY HIGH THERMAL RESISTANCE INTERCONNECTIONS

X. de la Broise (labroise@cea.fr), A. Le Coguie, J.-L. Sauvageot, C. Pigot, X. Coppolani, V. Moreau, J. Fontignie — CEA/IRFU, Saclay, France
S. d’Hollosy — Hightec MC AG, Lenzburg, Switzerland

Irfu

Context Our solution

» Very low temperature detectors (50 mK to 1 K). ey o, » To interconnect very cold » Very thin polyimide support :

» Space instruments : X-IFU of Athena satellite, e 4 S At BT, BRSNS o detectors (typically 50 to 300 mK) 17 to 34 pm.
R&D MicroCal-X, SAFARI of SPICA satellite (?) -\ | T e ' to less cold stages (typically 2.5 to > Very narrow tracks — until 10 pum — | = Minimize
or terrestrial instruments : Artemis of APEX ha @) O R . S i 4 K), that contain either cryo- to minimize flex width. the flex thermal
telescope in Chili. ‘ 1 ‘ bl 5 - electronics, or simply intermediary » Superconducting metal conductance

» High impedance sensors (Si-doped thermometers 3 @ cold source. — niobium — 10 maximize tracks
or high resistivity TES) ; = 4 | > To readout highly segmented thermal resistance.

or low impedance sensors (TES thermometers). s ' detectors (typically 4000 pixels » Chips on flex (first realization)
| » ‘ cameras) which requires thousands In case of (multiplexing) cryo-electronics, to benefit from the
» Funding : S0 ’ 2 . of tracks. very large integration level permitted by the narrow tracks.

» European space agency (ESA), | | | . > To minimize thermal charge > _Mul_tila_yer_flex (second realization)
+ French space agency (CNES), Athena+ (right), the future international X-ray | on coldest stage. If shielding Is needed.

spatial observatory, and X-IFU (top), a - ; . . : : : , : :
« European commission X spectro-imager made of micro-calorimeters _ i » Possibly to shield signal lines. > Collaboration : — design and_tests '.CEA/IRFU
: — manufacturing : Hightec MC AG

First realization : monolayer flexible PCB with chips on flex

] » » Functions of flexible PCB : » Pictures of the realizations :
matrices (50 mK)

 To interconnect the detector (50 mK) to the cryo-electronics (2.5 K) via an interconnection
plate (300 mK).

« To implement the 24 integrated circuits of the pre-amplifying and multiplexing cryo-electronics.
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» Features :

, » A thermal gradient zone (300 mK to 2.5 K) with superconducting tracks, |
on flex. PCB : S g pet | and a constant temperature zone (2.5 K) with coppered superconducting tracks. e, reci®
fleX aarat « In thermal gradient zone : 552 tracks : width ; 10 pm, space : 20 pm.

* In constant temperature zone : 24 wire-bonded chips on a 23 mm x 16 mm area.

e Interconnections :
: = A _, at input side, 552 wire-bonding pads (pitch 80 um in 2 staggered columns = pitch 40 pum) ;
View of the focal plane equipped with 4 & | A e at output side, a 51 points SMD Nano-D connector (23 mm width).

detection matrices, 16 flexible PCBs, . . .
and the first electronics stage * Flexible PCB dimensions : [ x w =90 x 23 mm.
Thermal gradient zone : | x w = 25,83 x 17 mm. Depth = 17 pm.
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130 pm

Further zoom on the tracks Zoom on the 552 input

@100 RoclegicoveineNgied ceasarll el e S pe et tracks and on the pads. (10 pum width, 20 um space). wire-bonding pads.
s s : ( 4.3 mm 5 » 5.2 mm >
Drawing of the 8 X 552 wire-bonding pads 2 x 51 connector pads The circuits to implement : | A8

superconducting PCB ® £ £
hosting 24 ASICs = ) 16 X Cryol7HEMT1 (by CNRS/LPN) £ 5
implanted on only § and 8 x CryoCom1 (by CEA/IRFU) S 3

4 em® Polyimide 7 um \ ~

e () C)lpiu// 6592 pistes 1=15y is0=15} /

no thermal gradient)

Pads : + Ni/Au 3 um

S;rsxgtrtértzézgzuzﬂﬁg = Tracks : Ti/Nb/Ti 350 nm =
Cu 300 h %
flexible PCB oot =i

Electronics : : oot o o .

One quadrant for i 25K 8~ Polvimide 10 um i ) c2e - =
reading of a 1024 . ' L) /| y M

pixels matrix including

2 circuits ready to be bonded. 2 CryoComl1 circuits wire-bonded on the flexible PCB.

4 flexible PCBs » Next steps :
Ed 25K 2.5 K : o :
< > = « Bonding of all circuits, and soldering of the SMD Nano-D connector.
Thermal gradient zone Constant temperature zone

* Integration in the acquisition chain.

Second realization : multilayer flexible PCB for shielded interconnections

» Function : » Pictures of the realizations :

Generic superconducting harness for readout of very low nggg‘f,‘;t{,’,;a;:ds ngﬂgﬁgﬁﬂ;"";ﬁds

Impedance detectors (like TES) or high impedance detectors hermal contacts

(like Si-doped thermometers or high-resistivity TES). - — ¥ T~ - e

T contact layer
. [P

» Features : <«— Polyimide

37 tracks, 3 electrical layers + 2 thermal layers.

4 <«— Top shielding layer = & ~ V’ S P AN

« Signals layer intercalated between 2 hatched shielding plans,

all grounds being connected by vias. A Polyimide
gigiziitiieg -«

* Interconnection : either by SMD NanoD connectors, e

or by wire-bonding (if very low contact resistance or maximal hielding
compactness is needed).

 Four variants, with different tracks width and space :
15 um (spaced by 15 pm), 30 um (spaced by 30 pum),
90 um (spaced by 30 pm), 300 um (spaced by 100 pum).

: 5 m
D L mE D ¢ ) — tracks— )
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<«— Signals layer 22 Ree / ;
Objectif Z50:X100 il 9. .9 & 9 ¥ | Objectif Z50:X500
|v

<«— Polyimide Zoom on thermal gradient zone ; the shiel- The 15 pm — 15 pm tracks, between the

ding grids are closed by vias (Variant 3). two shielding grids (Variant 4).
ﬁfﬁ’ - a - i <«— Bottom shielding layer -

< Polyimide

» Theoretical performances of each variant : Bottom thermal

Shielding

contact layer
Characteristics and . . . . grid \ Thermal*contacts /
. Variantl Variant2 Variant3 Variant4
theoretical performances Connector and Thermal contacts Connector and
Tracks width (pm) 90 30 15 wire-bonding pads — ~— wire-bonding pads
. Ni/Au 3 um =3 (\ - = - {\ Top thermal contact layer
Tracks spacing (ium) 100 30 30 15 Polyimide 10 ym =» I o
. . cere . Ti/Nb/Ti 350 nm > — Top shielding layer
Shleldlng f|II|ng ratio 0,25 0,5 0,5 0,5 Polyimide 7 ym=» y  pmmm § 1 I LEEEE 3 I — :
k tit 32 37 37 37 Pk 7 St | . . .
.. Tracks quan - TUNB/Ti 350 nm - Cu 300 hm = , == Bottom shielding layer | ‘ i i
Minimal harness width (mm) 14,1 5,21 2,99 183 CoTCaA08 A Vias Bottom thermal contact layer ‘Objectif Z50:X100 : 100um ]
Total thermal conduction (W/K) 1,45E-07 6,08E-08 2,95E-08 1,77E-08 between . Wire bondi ds - th lvimid
Critical current at 4 K (mA) 105 31,5 10,5 5,25 Aplie s Layers stack-up (longitudinal section) AASTIS  layers Zoom on a top thermal contact. Vias 'Te DONCING pads , 1ne POyIMIAe

connect it to the two shielding plans. opening is visible (Variant 4).

» Geometrical dimensions (for variant 2) :

100,00

» Next steps :

* Implementation of interconnections : multi-wire bonding (to mini-
mize contact resistance), or soldering of SMD Nano-D connectors.

* End of the systematical performance measurements.
 Final version production.

Variant 3

1256

Total depth : 34 um

Variant 2 e | o o Variant 4

Electrical measurements e R e e L Thermal measurements
: e ] ‘ A%
» Critical temperature : 200 - S . 0 // ] » Thermal conductivity :
* Four-wires measurement of the electrical resistance of tracks, from one [ ' 11 1= ‘0_65‘ / E » The Variant 2 of the multilayer flexible PCB as been measured
side of the flexible PCB to the other, when the temperature is varying L0 - | 1V © ; g between a low temperature of 50 mK and a high temperature varying
(in both directions). = | fo—9.21 K for all 4 wires 11 | / ] from 800 mK to 5 K (see plot at left).
* For the first realization (i.e. the monolayer flexible PCB), the critical =1 ool 18 13 oL . » For the moment, the measure is not absolute, but it can be compared
temperature measured is ~8.5 K. i 1hlE FETTTT : to the conductivity of a Manganin wire (length 12 cm, diameter 0.13
« For the second realization (i.e. the multilayer flexible PCB), the critical : ' [ : mm) : both conductivities are comparable.
temperature is 9.0to 9,2 K, i.e. very close to that of the massive o : _ “ An absolute measurement will be performed very soon.
niob?um (9.3 K). This excell_e_nt result is due to an improvement of the - Racces=31 ohm 1 ‘O“";‘ o | | - ‘ > Residual-resistivity ratio (RRR) :
quality of the metals deposition. aso ooso " omge” " eacn T esco : o 10 It has been measured to ~3-4, which indicates a quite good metals
» Critical current : Transition temperature measured on 4 wires. The residual  Thermal conductivity (arbitrary unit) of Variant 2 of the flexible deposition (it has doubled from first to second realization).
e > 100 MA (Iimit of the instrument) for the Variant 3 of flexible PCB. resistance at low temperature is due to the access resistance  PCB, versus the hottest side temperature (green), compared

of the measurement setup. to that of a Manganin wire (I = 12 cm,g = 0.13 mm) (red).
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