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Abstract 
Three dimensional integrated circuits are well suited to 

improving circuit bandwidth and increasing effective circuit 
density.  Recent advances in industry have made 3D 
integrated circuits an option for HEP. The 3D technology is 
discussed in this paper and several examples are shown.  
Design of a 3D demonstrator chip for the ILC is presented. 

I. INTRODUCTION 
Requirements for High Energy Physics front end 

electronics and detectors continue to push the limits for lower 
mass and power, and higher resolution.  One example is pixel 
vertex detectors, where multiple scattering within the readout 
electronics and detectors limits track resolution.  Low mass is 
required to limit scattering, which leads to low power designs. 
Higher resolution is needed for better tracking, which leads to 
higher function density within the pixel.  Significant progress 
has been made in the last decade to address these issues by 
integrating sensors and front end electronics within the pixel 
cell.  MAPS (Monolithic Active Pixel Sensors) began the 
move toward integrated sensors and readout electronics.  
More recently success has been demonstrated in integrating 
sensors and CMOS circuitry using SOI technology.  Now, 3D 
integrated electronics is offering exciting new possibilities. 

A. Monolithic Active Pixel Sensors 
MAPS have generated much interest within the HEP 

community.  To reduce mass, MAPS combine detector and 
front end electronics on the same substrate in a commercial 
CMOS process.  Currently, numerous groups are working on 
MAPS development. 

As impressive as MAPS are, there are several practical 
limitations.  First, the size of the detector signal is generally 
small and dependent on the thickness of an epi layer which 
varies from process to process.  Due to the nature of the 
process, only NMOS transistors can be easily used.  Addition 
of PMOS devices in an N-well reduces the charge collection 
efficiency and affects the spacial resolution.  Finally, the 
functionality that can be squeezed into a small pixel for higher 
resolution is limited. 

B. SOI Integrated Detector Development 
SOI detector wafers are formed by bonding together a top 

wafer with low resistivity and a bottom wafer with high 
resistivity, using a silicon oxide bond.  A buried oxide is 
formed between the wafers.  After bonding, the top wafer is 
thinned to just a few microns using one of several different  
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techniques.  Later, vias are etched through the buried oxide to 
implant diodes in the bottom wafer and CMOS circuitry is 
built on the top wafer. 

SOI integrated detectors have several advantages over 
MAPS.  One big advantage is that both NMOS and PMOS 
transistors can be easily accommodated in the design.  The 
devices inherently can have larger detector signals since the 
thickness of the depleted detector substrate can be controlled.  
Finally, since the substrate can be fully depleted, less charge 
spreading and higher speed is possible compared to MAPS.  

Early detector work was done in a 3 micron SOI 
technology [1]. Recent work has been done in the OKI 0.15 
micron SOI process [2].  Fermilab has an arrangement to 
work with American Semiconductor Inc. and OKI on future 
SOI detector developments. 

Although SOI has significant advantages over MAPS, the 
functionality that can be placed in a small pixel cell is still 
rather limited.  3D integrated circuit development reduces that 
limitation.    

C. 3D Integrated Circuit 
A 3D integrated circuit is generally referred to as a chip 

comprised of two or more layers of semiconductor devices 
that have been thinned, bonded, and interconnected to form a 
“monolithic” circuit.  Often the layers (sometimes called tiers) 
are fabricated in different foundry processes. 

Industry is moving toward 3D circuits which permit 
shorter interconnects to reduce R, L, and C and provide higher 
speed. 3D also provides higher functionality per unit area and 
can reduce interconnect power and crosstalk. 

3D integrated circuits represent the physicist’s dream of 
combining large functionality with processes optimized for 
high performance, in a very small area as shown in Figure 1. 
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Figure 1: Thin 3D circuit with multiple tiers for HEP 
Much work is being done on pixel arrays using 3D that could 
make this dream come true. 

II. 3D CIRCUIT DEVELOPMENT 
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