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Summary

In order to ensure easy and reliable interconnedbietween active components (LGA, FPGA, CSP, MCManjl
PCB'’s, Hypertac has developed with the major playespace industry a range of interposers (minizedr high
density solderless connectors). Those solutiorfill fthe most common requirements for space appiica: harsh
environment (vibrations, climatic sequences...), lomtact resistance, miniaturization (low profilennectors), high
density of contacts, easy assembly process, mulfigse applications, RoHs compliance. Hypertacrpotgers are
supporting Space Industry with the aim of providsaodutions “smaller-faster-lighter-cheaper”.

Keywords:
Hypertac Interposer, miniaturized solderless conoes; high density solderless connectors, harshrenment, low
contact resistance.

Introduction

General trends to increase the complexity of PO{@&d Circuit Boards), modules and electronic syst ask for an
appropriate evolution of stacking connectors foardoto board and MCM (Multi-Chip Modules). Amongote
connectors, the solderless ones, who give fadglifte mounting and dismounting, have the additicadantage of
satisfying the RoHS requirements. For these readéygertac that was the leader of the EuropeankautBIDEA
Hymstac” project has developed a 3D solderlesskistgdow profile (less than 3 mm thick) connectar Z-axis
interconnections of 1 mm pitch [1-2]. The need lforg term reliability, low impedance, and compliarto planarity
defects of the surfaces to connect have led tdudiGo with miniature copper alloy compression sgs enclosed in an
insulating package.

The paper is divided in 2 main parts. In the fose, we introduce electrical and mechanical chariettions on the
contact alone. Then, we show an assembly designedrinect a 625 LGA ceramic hermetic package aadfitht
evaluation results performed (environmental andadyin). Standard optical inspection, gross leak famel leak were
used to assess the reliability of LGA packageslorahg these tests, improvements in term of welygded on design
and choice of material is done.
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1- Study of contacts

“PIDEA Hymstac” solution is based on miniature ggs that work on the elastic field. To charactetimse contacts,
an experimental bench was developed in the LGE®datry. Electrical and mechanical properties alt as dynamic
evaluation like fretting corrosion were investigatd=orces were measured with a precision betten th@l N,
displacements of a few micrometers and impedanegfefv micro ohms.

The device under test (DUT) is a 2 mm thick insotatparallelepiped, with 30 individual spring coetta (Fig. 1).
These copper alloy springs are plated with nick#ttgo have a good contact resistance [3-7].
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Fig. 1. The device to test (on the right side) veithon-representative shape of the spring (orette |

a- The experimental test bench

The experimental test bench is presented on figt & able to connect individual contact withoouthing theirs
neighbors. Forces by using constraint gauges,atisptent with capacitive sensors and impedancednihint technic
are measured. Hereafter, the fig. 3 shows the wielehanical assembly that looks like a 30 cm widgahbox.

position actuators

fixed part|
force sensors;

Fig. 2. Principle of the experimental bench.

Fig. 3. Drawing (left) and photo (right) of the waa@xperimental setup.
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To drive this experimental bench, we used LabViestrumentation software. So, we have tested eadividinal
contact point, ie force along the Z axis and cantasistance, as functions of the displacementiargkbcond time,
contact resistance vs. number of cycles (X axidgfferfretting corrosion (Fig. 2).

b- M easur ements

The measurements have given that compression @& N and the contact resistance is less tham@Gvhen the
contact spring is totally compressed. Fretting vess performed on compressed spring with a frequehd0 Hz and
amplitude of +/- 40 um. No fretting corrosion pherena appears after 10 000 cycles because the toesstance
doesn’t degrade as shown on the next graph (Fig.H3 is linked to the design of the contact, mexactly if we look
at the interface between the spring and the hakbpthe PCB, we can see that the shape of thexctimg wire on the
PCB surface is a lateral part of the end of thé(see the end of the spring, Fig. 1).
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Fig. 4. Fretting corrosion behavior of a contact
c- Summary of results
Others evaluations were performed as thermal shogakdom vibration and insertion/return losses (S21).
To conclude on the contact, we summarize in théoieghg matrix (Table 1) the performances as heigfitch,

deflection, contact resistance, maximum current.d. the benefits given to customers.

Table 1. List of the different tests done on thataot.

Perfor mances Benefits customer
Height, pitch 2.15mm, 1 mm Packaging, high densigight saving
Deflection 0.3 mm Reliable connection, compatible PCB,
MCM, QFN...
Total contact resistance 30 m2 Reliable resistance
Insulating resistance >53IMQ No failure due to low insulation
Maximum current 1A Good current capability
Maximum force per contact 0.5N Low and stabledor
Thermal shocks -55°C/+125 °C/ x250 cycles Adaptduarsh environments
Random vibration 48 g RMS 10-3000 Hz /30 miMReliable connection, adapted to haish
without opening circuit (>1 ns) environments
Insertion losses 1dB @ 3 GHz Adapted to mediumueegy
Mechanical cycling 20 000 without change Reliableretion
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2- Interconnection of a ceramic 625 L GA device

First study

The frame of this work is the issue of connectiotive component like land grid array (LGA) 625 psito print circuit
board (PCB). A well know possibility is to use cwmlo ceramic grid array (CCGA) interconnect solutiBat CCGA
may provide breakings in solder joints at boare sithinly due to coefficient of thermal expansiofm B} mismatches
between the board material and column, column anahnaic substrate [8-9]. It causes shear displaceatezach solder
joint interconnect. A huge benefit is that our $ioln is solderless one, so our system is not corceby this important
issue.

In this study, we have employed (LGA) 625 daisyicbd electronic packages in this preliminary realigbstudy. The
physical dimensions are 29 mm x 29 mm with a 2%xafray of land and a 1 mm pitch (Fig. 5). The &hdve a
diameter of 0.68 mm and are plated with nickel-gdldis LGA was used because constrains were thé impsrtant
in term of number of points and pitch among otHe®A proposed by the CNES (349 or 472 points withitah of
1.27 mm).

The print circuit board (PCB) is in polyimide laraie that can withstand temperature as high as 200€ host pads
have got a diameter of 0.85 mm and are plated miitkel/gold. This circuit is complementary to thaisy chain of the
LGA so that all contacts are tested in series.

The first step of this study is to assemble thasp@PCB, interposer, LGA...) and to measure the imped of the
whole system. Then, the assembly was subjectegntpdrature thermal atmospheric cycling to assessefrability.
The impedance of daisy-chained interconnect wastored continuously during thermal cycling.

Applicable documents

The technical solution has been developed consigi¢hie compliance with the following documents:
- The materials used must satisfy specification EQEST-Q70-02,
- The developed connector must answer the requirenadéhe specification ESCC 3401.
- Test plan is established according to the docurE€@$HS-Q-ST-70-38, ESCC basic specification
n°2263400, 2269000.
- The design and the materials of the PCB are chaseording to the document ECSS-Q-ST-70-11.

a- 625 contacts inter connection

Hereafter, we show the solderless interconnectipmsiac solution that has 625 points of contact.(5)gThe material

of the insulator is a polyamide-imide complianttwipace requirements (outgassing) and with a coeffi of thermal
expansion (CTE) 16 ppm/°C to offer the best compserbecause of CTE matching: ie PCB with 16-18 g@nand
LGA with 6.8 ppm/°C. We will see in the followingnes how it's integrated in the assembly and how to
mount/dismount it.

X 625

Fig. 5. Photo of LGA 625 points daisy chain fronm@ (left) and the 625 contacts HYMSTAC interpogeght)
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b- Principle of inter connection

First of all, the concept of the assembly is presgron the following drawing with an exploded viékig. 6): PCB,
interposer and the LGA with the parts that reatla® compression. The connection between the LGAcdeand the
PCB is achieved by an interposer within a clamiystem.

Ajustement and compression of LGA

LGA (6.8 ppm/°C)

Interposer HYMSTAC 625 points
(16 ppm/°C)

PCB (16-18 ppm/°C)

Insulator film

Alignment pin

Stiffener

Fig. 6. Exploded view of the interconnection indghglLGA, Hymstac and PCB.

c- Mounting procedure

To facilitate the mounting of the PCB, we use & flaig. 7) that adjusts precisely the host padé e alignment pin.

It's used because of the tolerances of manufagfRi@B are too large for a good alignment of thegse

So after mounting the PCB on the stiffener (Fig.v%) locate this part that has two visual referenes shown on the
photo, we make the alignment of two pads that @sgashally opposed. Thus, we are sure that the pesl$ocalized

relative to the alignment pins.

Fig. 7. Additional part used for the adjustmenttef PCB (left) and the PCB daisy chain (right)
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Fig. 8. Example of assembly for the adjustmenhefPCB (left) and LGA inside the compression pagh()

The same protocol is used for the alignment of Li@lative to the alignment pins. As we can see ermptioto (Fig. 8)
the adjustment is realized with four screws. Thesjust have to place the Hymstac interposer ofPt®B as shown on

the photo (Fig. 9)

Fig. 9. Assembly of the Hymstac interposer on te8P

Finally, we can put the LGA on the top. And to $ihj the compression of the parts is ensure wittréws (Fig. 10).
The alignment is ensured with the 2 alignment pseen on the photos.

Fig. 10. Screwing of the LGA part that apply thegsure on the Hymstac (left) and final height efdaksembly (right)
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An appropriate tightening torque is applied acaagdio the number of contact points, and in our Gaserque of 11
N.cm is adequate. We measure that height of thendsdy between the bottom of the stiffener and the af the
compression screws is less than 22.5 mm (Fig. 10).

c- First tests

This assembly has been pre-evaluated and the taegato quickly identify if our assembly was onaod path for
development or not. The tests included as a pyiorit

- Electrical continuity measurements to ensureamsembly is working properly.

- Tests of rapid change of temperature on a raige°[C ; +100 ° C], which have shown no electrmahtinuity cut
for 5 cycles.

- Sinusoidal vibration which has allowed us to Hiigjtit the absence of micro-electrical cut accordm@g&SCC 3401
(Fig. 11).

- Gross leak and fine leak tests on LGA packageas waccessfully passed after these evaluatioremslires that our
system of clamping doesn’t degrade the LGA.

Fig. 11. Sinusoidal vibration test: frequency fraéfhto 2000 Hz with acceleration of 20g for 30 m@wper axis

This assembly has shown encouraging results fthduevaluation. But to be a part integrated onesidied system,
the weight of the system has to be drastically cedu

3-Improvement of the assembly

To fulfill the requirement mentioned above, severabs of improvement in the system are proposed. prbposed
modifications mainly concern the design and theemalt of the clamping system.

a- Choice of material

An important element that we must take into accaonrthe design of our assembly is the choice ofemialt for the
mechanical assembly. Indeed, several features rhastconsidered, notably the mechanical strengthrmihle
conductivity and coefficient of thermal expansiddTE) and density. We need to find a compromise kwhigll
integrate these parameters.

From a mechanical point of view, the deformatiorthe clamping system has to be as low as possibé&napplying
the load, in our case 30 kg, due to the force ofaxt. Young's modulus of materiel must to be high.
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From a thermal point of view, the expansion of plagts to each other is also an important parantie&trwe have to
integrate in our design process. This expansidasted during rapid change of temperature testS[RtChe thermal
expansion coefficients must be as close as possibikat the contacts (springs) do not come othehost pads of the
PCB and/or LGA device under the effect of tempematin addition, thermal conductivity should not to® low to
ensure good thermal pumping.

Finally, a possibility to reduce the weight and éavsubstantial gain is the use of a material loitfer density.

In the table 2 are listed the density, coefficieftthermal expansion (CTE), the Young's modulus #metrmal
conductivity for the stainless steel, titanium ahgminum.

Table 2. Summary of some parameters used for theri@lachoice of the tool assembly.

Stainless steel Titanium Aluminum
Density 8 4.5 2.7
TCE (ppm /°C) 16-17 8.6 23.1
'Young Modulus (GPa) 193 116 74
Thermal Conductivity
1 -1 -1 26 6.7 237
(W m K )

The trade of analysis between mechanical and tHgyarameters, machinability capability, had showat taluminum
is the best material for the camping system.

b- Improvement of the design

Proposition of concept

Remember that the stiffener presses at the PCBdulity and ensure proper plating on the interpostowever, we

can imagine that the decoupling capacitors for gtaycould be reported under the PCB. Considerathwould be
given a release material at the PCB pads.

Five proposals of stiffener profiles were madelasas below. We can group them into three categdfie. 12):
»  Without reinforcement, with only the adjustmentd®l GA (a),
* Asingle reinforce bar or a diagonal reinforce srimeluding the adjustment holes (b),
* Asolid plate ensuring high stiffness of the sys{ein

Fig. 12. 3D model of the five concepts proposedeorease the weight of the stiffener

Anyway all these proposals bring us to reduce tamght of the device in a more or less significaayw
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Finite Element Analysis ssimulation

However, to determine the best compromise in tesfrdeformation / mass of the part, we used a soévib@sed on
finite element (Autodesk simulink), which allowed to perform simulations we show an example bely. (13). We
have shown that the best trade of between low deftion and low weight is obtained with the stifferdesign
presented below.

Fig. 13. Finite element simulation of the stiffeifieft) and an example manufactured with the pial@nment.

The same method was used to develop the upperthmtrtadjust and compress the LGA on the interpoBkis
optimization has allowed an opening at the uppetiqro of the LGA to press on the periphery of ihi§ pressure is
now applied via a heat seal as seen on the nextrpi¢-ig. 14).

Fig. 14. Thermal seal mounted on the top of the L{&#&) and final assembly (right)

This improvement will allow:
- Installation of a heat extraction device LGA,
- The direct identification of the component inktl
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In the end, the device is reduced from 137 g te flean 30 g (Fig. 15), which is 4 times less themninbitial weight!

Ll qs i " imization &
15" version =] [~ Optlmlzatlong!

Al:115¢g

v Al:lllg
—_—

Fig. 15. Summary of the optimization of the assgmiztight.

The new design of the clamping system has beedatali by a continuity test and a rapid changeroperature.
In the second part of the project, it system wélldeeply tested. The test plan is based on ESCC &4@ ECSS-Q-ST-
70-38C standard. The tests that we will be perforare:

e Harsh vibration 28 g RMS; 5 min per axe,

» Rapid change of temperature (RCT): 1500 cycleked@ctrical continuity,

» Storage test: 1000 h @ 125 °C according to ES@I1.3

* Thermal behavior
These tests aim to evaluate our assembly in theé rapeesentative flight conditions environment bgrame satellite
manufacturer.

Conclusion

To summarize, we have introduced the spring-coriget in our interposer. Some characterizatiores ditatic and
dynamic evaluations were achieved with an expertai¢ast bench developed especially for this puepos

We have also presented on this paper a work onssen@ly made with a Hymstac interposer 625 points &
compression tool. The principle of interconnectiomd a mounting procedure were shown. First teste aehieved on
the assembly. To implant this system on flying pqmeént, an optimization of weight was proposed bggialuminum

and by improving the design. Following this work the weight, some tests were done and have giveoueaging

results to go further in the evaluation with a prigatellite manufacturer.

The result of this study is a system that has ahidight enough to be embedded. Thus Hypertactisolibased on
Hymstac spring could be an alternative of columracec grid array (CCGA) interconnect solution. lddéion, this

possibility avoids soldering process and associspédkring X-ray inspection.

To finish, the fact that it's a solderless conmattoffers the chance to mount / dismount it eagigomething wrong

with the LGA without stressing the card by a rejpgjiprocess, for example a new passage in the toveoider another
LGA.
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