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Abstract: A reliable and cost-effective interconnect technology is required for the development

of hybrid pixel detectors. The interconnect technology needs to be adapted for the pitch and die

sizes of the respective applications. For small-scale applications and during the ASIC and sensor

development phase, interconnect technologies must also be suitable for the assembly of single-dies

typically available from Multi-Project-Wafer submissions. Within the CERN EP R&D program

and the AIDAinnova collaboration, innovative and scalable hybridization concepts are under devel-

opment for pixel-detector applications in future colliders. This contribution presents recent results

of a newly developed in-house single-die interconnection process based on Anisotropic Conduc-

tive Adhesives (ACA). The ACA interconnect technology replaces solder bumps with conductive

micro-particles embedded in an epoxy layer applied as either film or paste. The electro-mechanical

connection between the sensor and ASIC is achieved via thermocompression of the ACA using a

flip-chip device bonder. The ACA technology can also be used for ASIC-PCB/FPC integration,

replacing wire bonding or large-pitch solder bumping techniques. A specific pixel-pad topology is

required to enable the connection via micro-particles and create cavities into which excess epoxy

can flow. This pixel-pad topology is achieved with an in-house Electroless Nickel Immersion

Gold process that is also under development within the project. The ENIG and ACA processes

are qualified with a variety of different ASICs, sensors, and dedicated interconnect test structures,

with pad diameters ranging from 12 `m to 140 `m and pitches between 20 `m and 1.3 mm.

The produced assemblies are characterized electrically, with radioactive-source exposures, and in

tests with high-momentum particle beams. This contribution introduces the developed intercon-

nect and plating processes and showcases different hybrid assemblies produced and tested with the

above-mentioned methods. A focus is placed on recent optimization of the plating and interconnect

processes, resulting in an improved plating uniformity and interconnect yield.

Keywords: Hybrid detectors, Detector design and construction technologies and materials, X-ray

detectors, Timing detectors
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1 Introduction

Interconnect technologies from fine pitch hybridization to large pitch module packaging are im-

portant for a wide range of applications in the field of high-energy physics and other silicon

pixel-detector applications. In many cases state of the art is solder bump bonding in which the elec-

trical connection between metallized pads is created by solder balls under reflow conditions. This

requires many steps of preparation including a process called Under Bump Metallization (UBM)

which are done on a wafer level prior to dicing. For multi project wafers as they are common in

detector R&D these wafer level processes are either not possible or too costly for the scale of the

project. Out of this issue arises a need for cost effective single die processing with a fast turn-around

time. An innovative approach for in-house single die bonding is discussed in this contribution. The

electrical interconnection is created using Anisotropic Conductive Adhesives (ACA) in the form of

conductive particles embedded in an epoxy paste or film and by thermo-compressing the adhesive.

Commercial use of these types of adhesives can be found in display panel integration[1] and also

increasingly in chip-to-film and chip-to-flex bonding[3, 4]. The required surface properties of the

devices bonded with ACA are achieved with an in-house single-die plating process.
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Figure 2. Electroless Nickel defects on small pitch (55 `m) devices. The left picture shows a electrically

connected row of pads in the bottom of the pixel matrix. This row shows frequently different plating behaviour

compared to the rest of the pixel matrix. The right picture shows plate out happening between pads. Small

dots that increase in number and grow leading to shorts.

atoms replace the nickel atoms at the surface, slowly growing the gold layer. The chemical equation

for this process is shown in 2.2.

Ni + 2Au+ → Ni2+ + 2Au (2.2)

Figure 3. Graph showing the calculated increase of Ni-pad surface with increased plating height assuming

uniform radial growth. The initial Al-pad is 14`m in diameter and 2`m in height below the passivation layer.

Agitation of the Electroless Nickel bath is an important parameter to control as it strongly

affects the diffusion zone in which the chemical processes of the plating take place[6]. A stirring

hotplate setup is used where the stirring speed is adjusted according to the surface of the growing

nickel bumps l ∼ A (A +1) . Due to the mentioned mushroom- like shape the surface area will grow

quickly for small pad devices as shown in Figure 3. All measures of plating height are stated with

reference to the passivation covering the edges of the pads. Adjusting the stirring results in more

uniform topologies needed for higher interconnection yields.
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pitch device is shown in Figure 4. The particle placement is picked randomly and then in case of

overlap pushed away radially. This is done to emulate the conditions of particles that overlap in 2D

top-down view but not 3D view to behave as if thermo-compressed.

A cross-section analysis shows particles being pinned between nonparallel pad surfaces at an

angle of 20° (see Figure 5). This allows for particles being pinned beyond the nominal pad size as

the ENIG plating creates round edges around the pad.

Figure 4. Histogram of a simulation result showing the distribution of particles pinned per pad. The pads

are 50 `m in radius while the particles are 10 `m in diameter. In this realisation a particle volume fraction

of 0.10 is assumed. The total pad count is 6724.

Figure 5. Microscopy cross-section picture of an ACP bonded ALTIROC2 ASIC (top) and an LGAD

sensor (bottom). Two conductive particles are pinned between the ENIG plated pads, therefore electrically

connecting the two pads. The right particle is pinned between two parallel planes while the left on is pinned

between two planes at an angle of about 20°.

For the flip-chip process, a device bonder that can apply up to 100 kilograms of force and

temperatures up to 400°C is used. The temperature used is dependent on the curing temperature of

the epoxy used as adhesive for the ACA. For ACF1 and ACF2 150°C is used as curing temperature

while bonding. The bonding pressure used can be as high as 90 MPa for the pad connection area

with some devices requiring a lower pressure on the sensor material. For ACP the temperature

and bonding pressure applied is generally lower and highly dependent on the materials used. The

bonding force is applied till after the cooling of the sample back to room temperature.
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4.5 Timepix3 Hybridisation

Bonding of Timepix3[10] ASICs to planar silicon sensors of 300 `m thickness is performed with

ACF. The Timepix3 ASIC has a pixel matrix of 256x256 with one additional row of guard ring

pads. The pixel pitch is 55 `m and the pad diameter is 12 `m. For devices like the Timepix3

the distance from the center of the pixel matrix to the edge of the chip is too large too efficiently

squeeze the epoxy out of the matrix. Achieving a sufficient plating height needed to displace the

excessive adhesive in gaps between the ENIG pads is challenging. ASIC-side plating of 7-8 `m

height above the passivation has been achieved with no defects. The bonding has been done with

ACF1 and an extended pre bonding step. For this the temperature was kept at 80°C for 600 seconds

while the maximum bonding force of 100 kgf was applied, to give the adhesive time to squeeze out

of the connection. This was done at reduced temperatures to ensure that the epoxy does not cure

prematurely. Afterwards the temperature is raised to 150°C for 5s bonding and full curing.

Figure 11. Pixel efficiency maps of a Timepix3 assembly.Obtained from a test-beam measurement with

minimum ionizing particles and a reference beam telescope. The left map shows the efficiency close to

baseline while the right map shows the efficiency about 4000 4
− from baseline.

The produced device was analysed in a test beam measurement. Figure 11 shows that moderate

increase in detection threshold leads to reduced efficiency in the centre regions of the device, as

expected from weakly coupled connections. This is assumed to be caused by too large quantities of

adhesive in the centre, which could not be squeezed out of the matrix.

5 Conclusions

Electrical measurements on dedicated chain devices confirmed that a low-ohmic connection with

high interconnect yield can be achieved for large pitch and large pad areas for both ACF and ACP.

The results presented for various ASICs and sensors, show promising ACA applications in a wide

range of use cases. For large pitch hybridisation it offers an alternative to bump bonding with

enhanced mechanical stability provided by the adhesives good interconnect yield. The processes

under development have proven beneficial for the R&D efforts of the participating detector projects,

due to the fast turnaround and low cost. The results of the SPHIRD project show a not yet sufficient

yield for such small-scale and fine pitch devices. ACA shows benefits in the bonding of the
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CZT sensors, where standard solder bump bonding is not use able. Simulation results of particle

distributions show that a higher particle density is required for a sufficient connection yield. For

larger matrices such as Timepix3 the effects relating to adhesive quantity and maximum bonding

force of the equipment are to be considered. Currently plating heights sufficient and uniform

required to displace the amount of adhesive of the ACFs in use are achieved.

6 Outlook

A higher ENIG plating and/or thinner ACF or a reduced ACF coverage is needed to a achieve a better

connection yield for fine pitch assemblies. More daisy chain test structures are being produced for

further bonding tests as well as thermal and mechanical testing in a dedicated reliability study. Tests

with larger particles for ACP are planned for large pitch applications.
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