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Abstract 

We propose to start R&D on the 3D version of ATLAS pixel FE-I4 electronic chip in order to reduce the pixel longitudinal size by a factor of two.
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1        Introduction  

The major upgrade of the ATLAS Inner Detector is required for SLHC in 2016/2017. The most challenging part of this upgrade will be pixel detectors in the innermost layers. The biggest concerns are the segmentation of pixels, radiation hardness and minimum material budget. The detector should operate with luminosity of L= 1035 cm-2 s-1, which is ten times higher than the nominal LHC luminosity. The goal for integrated luminosity is 3000 fb-1 achieved in 8 years [1] . For the pixel b-layer at 3.5 cm radius this will correspond to the total dose of 2 x 1016 cm-2 of 1 MeV neutron equivalent. 400 pileup events will be overlayed on the interesting triggered event at this luminosity, if 50 ns bunch crossing interval option will be adopted. So the improvement in the segmentation of the pixel detectors will be critical for the upgrade. The intermediate step towards the SLHC will be the upgrade of the pixel b-layer [2] planned for the winter shutdown of LHC in 2012/2013. In the framework of the b-layer upgrade R&D ATLAS pixel collaboration started the design of the new generation of pixel front-end electronics chip FE-I4 based on 130 nm CMOS technology [3].  Present specifications of FE-I4 require the basic pixel size of 50 x 250 microns and the chip size of 12 x 14 mm2.  
    We propose to start the R&D work to use the latest advances in 3D electronics technology [4] in order to realise 3D version of FE-I4 chip. The idea is to split FE-I4 basic pixel into two tiers (floors): tier-1 with analog part and corresponding controls and tier-2 with remaining digital part. Two tiers are interconnected with surface interconnections and with through silicon vias. The aim is to reduce the pixel size in longitudinal direction by a factor of two to reach pixel size of 50 x 125 microns.  Similar 3D integration technology was proposed in ATLAS R&D of integration of thin Si sensor with electrics front-end chips [5].  Several 3D electronics prototypes are developped for ILC at Fermilab using SOI electronics and MIT LL integration techniques [6].  
2        Participating Institutions  

 CPPM(Marseille)-LAL(Orsay)-LPNHE(Paris)-Munich?-FNAL?-Others?
3        Topic(s) and goal(s) of the R&D proposal 

The goal of the proposal is to develop 3D version of the FE-I4 chip.  The specified pixel size should be 50 x 125 microns with two tiers. Smaller longitudinal size (for example 100 microns) would be interesting to achieve either by more dense optimisation or introdusing the third tier.  In order to achieve this goal we plan two intermediate stages:
      -   Test chip in order to qualify the interconnection technology. This chip should have high number of daisy chained intreconnections (both surface and through silicon vias) and test transistors placed at different distance from the vias. It should adress in the most automatic way the measurements of the yield of the interconnections, shorts, contact and vias resistivity, damage of transistors close to vias etc. The automatisation should give easy way to measure the degradations due to the thermal cycling and radiation damage in the remote way and online with these tests. Special debugging tools and control access points should be designed to understand the nature of eventual damages. This chip may be a common tool for different communities working in the area of 3D interconnections (SLHC, ILC, imaging) and applied to different electronics and interconnection technology. Next step should be the test of the chip after bump-bonding to the Si sensor in order to test the compatability and yields after bump-bonding. Another important issue is the the possibility to put wire bond pads on the opposite side of the chip, so the test of the influence of the wire bonds ae importants.
      -  FE-I4-3D demonstrator chip. It should use exactly the same type of wafers as baseline FE-I4 CMOS 130 nm chip (RF8 IBM production). This chip should demonstrate that it is possible to split FE-I4 into two equal size tiers (first mainly analog, second digital) and bond them together to get the performance close to the baseline FE-I4, but twice smaller longitudinal pitch.  It should be compatible with traditional bump-bonding interconnection with several type of sensors: planar Si, 3D silicon sensors, diamond etc.
Finally,the FE-I4-3D chips should be bonded to sensors and tested in realistic conditions in order to validate the overall process.

At this stage, choice of FE-3D architecture (and prefererred interconnexion technologies) should be adressed . 2 examples of possible achitectures including various technologies are given by following pictures :
Example 1 : 
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Example 2 : 







Some possible vendors of interconnexion processes are yet identified :
· SLID surface connections developped by IZM Munich

· Micro solder bonding developped by IZM Berlin

· Through Silicon Vias in combination with SLID and/or solder bonding

· SiO bonding  followed by vias by MIT LL  

And some companies as IBM carry intensive RD program on this topic [7] including optical data transmitter on same packages. 
In order to minimise the costs of the prototypes one should investigate the possibility of the 3D integration using half-wafers or quarter wafers as proposed by R.Yarema.
The qualification work should include  thermal cycling,  radiation damage of the test chips and FE-I4-3D demonstrator with the doses up to 500 Mrads.
4        Relation to existing efforts 

Close collaboration with ATLAS R&D of integration of thin Si sensor with electrics front-end chips [5] and Fermilab R&D on ILC 3D electronics [6] will be needed in order to help to choose the most appropriate 3D integration technology.  The work should be done in permanent syncronisation of the baseline FE-I4 design and prototype work. Therefore it is highly recommended that the designers of the 3D version of the chip contributes to the baseline version of FE-I4.  
5        Schedule 

The R&D should start in 2008 and continue until 2013 in order to get production quality chip ready to be produced in 2014.
6        Resources 

First kick-off financing is expected at 2008 in the frame work of common LHC-ILC 3D electronics program in 2008 from IN2P3 (France). Common programs with industrial partners from european and national funding agency are expected to follow this initial funding. Several microelectronics design engineers and applied physisists are expected to joint this effort from CPPM (Marseille), LAL (Orsay) and LPNHE (Paris).  
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Bump-bonding (or SLID)





Tiers 1 (analog), electronics on top, trough silicon vias to tiers 2





Tiers 2(digital), electronics on top 





























Sensor on top


SLID to Tiers 1


Tiers 1 (analog), electronics on bottom, trough silicon vias (one  per pixel) to sensor


Tiers 2(digital), electronics on top, microsolder bump to  tiers1 









































Sensor on top


Bump- bonding (or SLID)


Tiers 1 (analog), electronics on bottom, trough silicon vias (one  per pixel) to sensor


Tiers 2(digital), electronics on top, microsolder bump to  tiers1 











