
 

Appendix: Technology Development Plan 

 

A 3D stack is composed of a pair of sensors, a Readout Integrated Circuit (ROIC) and an 
interposer which transmits signals or data between the top and bottom of the stack and will also 
serve to provide interconnections to the chip.  There are several possible models for the function 
and interconnectivity between the top and bottom stack. For example both the top and bottom 
layers could each have bonded ROICs with only digital data hit transmitted over the interposer.  
For our R&D we have chosen a model where analog hit charge is transmitted across the 
interposer to a front end amplifier on a ROIC that connects to both top and bottom sensors. This 
appears to be the simplest and most promising design, but a final choice will depend on an 
understanding of signal/noise (interposer capacitance), interposer via density, power dissipation, 
and physics requirements. However all variants will depend on demonstration of the basic 3D 
interconnectivity. In the following we describe our plan for demonstrating this technology. We 
note that this is a proposal to perform the R&D, questions that ask for specific “plans” are 
addressed as well as we can with our current understanding of a strawman design. In most cases 
the specifics for testing and assembly can only be fully addressed when much of the R&D is 
complete, the concept is demonstrated, and the collaboration is fully engaged in design and 
development. 

Generic R&D 

1. Provide a plan with the specific milestones of: 
• Prototyping and characterization of 3 building blocks: VICTR chip, Sensor, Interposer 
• Assembly and characterization of VICTR chip + sensor 
• Assembly and characterization of Interposer + sensor 
• Assembly and characterization of full 3D module: VICTR chip + Sensor +Interposer + 
Sensor 



 
The following R&D milestones have been selected from the overall cost and schedule 
spreadsheet appended to this note: 

Task list Start End 

Submit VICTR 07/15/09 08/14/09 
Measure silicon interposer charactoristics 10/08/09 11/11/09 
Receive VICTR 11/12/09 11/12/09 
Design demonstration architecture 06/15/09 11/12/09 
Receive sensor 11/29/09 11/29/09 
Measure PC interposer 11/14/09 12/14/09 
Bench Test VICTR 11/12/09 12/27/09 
Mate VICTR chips to sensors 11/27/09 02/10/10 
Thermal modelling 10/15/09 02/12/10 
Bench test chip+sensor assembly 02/17/10 04/03/10 
Bottom stack interconnection 04/03/10 05/18/10 
Bottom stack interconnection tests 05/18/10 07/17/10 
Full stack Interconnect 07/17/10 08/31/10 
Full stack interconnect tests 08/31/10 09/30/10 

 
 
VICTR Chip: 

The VICTR chip is part of a 3D multiproject run which was submitted to Tezzaron/Chartered in 
the beginning of June.  The VICTR is one of 10 designs included in the run. We expect the 
wafers to be available in November.  Before full 3D wafers are assembled, two individual 2D 
wafers will be available for probe testing and characterization.  Five wafers from the run are 
reserved for DBI bonding.  Other wafers will be diced normally and individual chips will be 
available for testing.   We plan to use the “CAPTAN” system from the Fermilab Computing 
Division EE group to test the VICTR as well as the two other FNAL chips included in the run, 
the VIPIC (x-ray imaging) and VIP (linear collider vertex).  The initial bench tests will measure 
overall digital functionality, analog section noise, and provide an estimate of yield.  

The VICTR yield is an important parameter for this work.  If the yield is high we can proceed 
with the DBI process without testing for known good die.  If the yield is low we would have to 
set up probe tests of the 5 wafers intended for DBI bonding to identify good die for placement.  
This would be a significant investment of time and infrastructure, but could be done if necessary. 

Sensor: 

The sensor will be a DC coupled single metal layer p-on-n device fabricated by Brookhaven 
National Laboratory on 6” high resistivity wafers.  The design is not complex and testing should 
be straightforward. There will be test structures available to measure leakage current and 
depletion voltage.  We also can measure charge collection, depletion voltage, and capacitance 
directly on the strips using a pulsed IR source and a picroprobe. We have discussed requirements 



for DBI bonding with the manufacturer and the sensors are designed to accommodate Ziptronix 
requirements for planarity and placement and visibility of alignment targets.  

VICTR chip + sensor 

Bonding of the VICTR chips to the sensor wafer and subsequent thinning will be done by 
Ziptronix. The procedure will include: 

1. Bonding of the metalized “top” of the ROIC wafer to a silicon handle 
2. Exposure of the bottom side tungsten vias by Tezzaron 
3. DBI processing and ROIC die to sensor wafer bonding by Ziptronix 
4. Thinning and chemical etching of the handle wafer to expose the topside metallization. 

 
We expect at least two wafers to go through the full processing and two where step 4 is omitted. 
 
The bonded assembly will then be tested. Tests will include: 

1. Overall functionality of the ROIC after bonding using the readout system 
2. Top-bottom interconnect tests 

a. Thinned ROICs will have two interconnects available.  The first is through the 
“normal” topside pads which were revealed after thinning.  The second is through 
bottomside TSVs which are routed on a metal layer on the sensor. We can then 
check on the connectivity of the DBI bonds by measuring the contact between 
ROIC and sensor pads.  

b. There will also be test structures available which provide serpentine arrays of DBI 
contacts to measure overall contact yield.  

3. IR laser and diode tests of response and charge collection 
a. Holes in the metalization will be provided in the ohmic side masks to allow for 

laser testing 
4. Beam tests of the assembly 

 
Interposer + sensor 
The next step will be to bond the ROIC/bottom sensor assembly to the interposer. We currently 
plan to do this using gold stud bonds.  Initial tests will be made mating prototype interposers to 
dummy ROICs and sensors individually and as a stack. Issues of geometry, pressure and 
temperature needed, and bonding jigs and hardware will be addressed. This can be done with 
dummy parts fabricated using sensor and ROIC masks. We will verify interconnectivity of the 
pairs. We will then bond an interposer to a bonded bottom sensor/ROIC assembly.  This 
assembly will then be tested for functionality and any additional noise.   

Full 3D module: VICTR chip + Sensor +Interposer +Sensor 



Finally the bottom sensor/ROIC/interposer stack will be bonded to the top sensor again using 
gold studs.  The full stack can then be read out, connectivity verified, and noise measured for the 
top and bottom sensors.   This assembly can then be put in a test beam to establish full 
functionality with minimum ionizing particles. 
 
2. Provide more details on the interposer: 
The interposer development is proceeding steadily along the plan outlined in the proposal. Initial 
test devices have been fabricated at the Cornell Nanofabrication Facility, with dimensions suited 
to mate with the VICTR chip and sensors being prepared separately for the first prototype.  Vias 
of 150um diameter are etched using a Bosch process, and subsequently metallized by sputtering. 
Both aluminum and copper have been used as sputtering material with apparently good success, 
as judged by microphotographs of samples that have been sliced through the via.  All processes 
required for the fabrication, including oxidation, mask preparation, resists, etching steps, and 
sputtering, are standard and have not necessitated any unusual development or unconventional 
parameter settings.  The figure below shows a fully etched wafer containing 81 devices each with 
64 vias. 
 

 
Figure: 500um silicon wafer with 81 interposer prototypes. Each prototype has 64 vias. 

 
The next important step is to do detailed measurements of resistance and capacitance, assessing 
the vias in a quantitative way, and then final prototype versions will be fabricated for bonding to 
sensors.  Once the prototype is complete, the following stage of the project is to identify a set of 
candidate vendors who can produce similar devices  and are willing and capable of carrying 
forward the R&D in three key directions: (a) increasing via density, (b) decreasing average mass 



density, and (c) increasing overall thickness via multilayer techniques from the present 500um to 
the 1-2mm range.  
 
3. Provide a plan for the necessary simulation studies of the physical layout options, pixel 
dimensions, stacking designs, etc. 
In the short term our goal is demonstration of the vertical interconnect concept.  As a part of this 
we will begin to understand the tradeoffs between variables such as sensor separation, strip pitch, 
and z resolution. Much of this will be studied in the context of the Track Trigger Task force and 
upgrade simulation group.  We have been in contact with the simulation group to insure that the 
variables of interest, sensor spacing within a stack, rφ strip pitch, z pitch, can be easily modified. 
We feel that many of these variables can be profitably explored within the context of the current 
long barrel and hybrid strawman designs.  We also plan to use the layout and material tools 
developed for overall CMS tracker design to help us explore options. We feel that our role will 
be to provide options for and input to the overall tracker trigger design, strongly coupled to the 
physics requirements for SLHC. 
 
We would like the following information from simulation to inform the second stage of CMS-
specific hardware design: 

1. Rejection vs sensor doublet separation for various radii and Pt thresholds including 
algorithms which can be incorporated into the front end chips 

2. Trigger rate vs z resolution for a set of candidate triggers at SLHC luminosity 
3. Rejection vs stacked pair separation for the stacked doublet rod design. Benefits of 

correlating local pairs of stacks. 
4. Overall data flow simulation with various assumed rejections 
5. Number of layers needed to provide redundancy for triggering and tracking in the long 

barrel and hybrid layouts 
Of these only item 4 would be considered as centered within this task.  The others require close 
collaboration with the simulation group as well as groups studying CMS triggers at SLHC. 
 

CMS-specific R&D 
 
Once the 3D concept is validated there are a number of issues that need to be explored before a 
viable track trigger can be built.  One of the most important is overall yield.  For example we 
need to understand the yield of each assembly step, especially those steps which cannot be 
reworked.  This will have a significant influence on module design as well as cost. Module size 
can also be influenced by whether interconnect yield is per die placement or scales with area. 
There are also alternate technologies which could be used to implement a similar module.  These 
include Cu-Sn stud bonding rather than DBI, SOI or monolithic sensors rather than CMOS using 
through-silicon-vias, and PC rather than silicon-based interposer technology. 
 



5. Provide a plan to provide tested integrated circuits and other components prior to 
module assembly, including provision for testing procedures to assure inclusion of known 
good chips and components. 
 
The die to wafer bonding process developed by Ziptronix includes the ability to select known 
good die. However the process is a bit more complex than usual because the probe marks on the 
surface of the wafer can affect the planarity needed for the oxide bond.  For this reason the first 
top metal layer is sacrificial, chips are tested and a wafer map produced.  The metal is then 
etched away and the final metal layer is deposited and patterned.  This is used for the final chips. 
We plan to explore this capability in the next run assuming the yield for the current VICTR chip 
is high enough to avoid known good die testing for the initial studies. 
 
Testing for sensors is likely to be similar to current testing of strip and pixel sensors.  Leakage 
currents will be measured on test structures.  Sample strips will be probed to measure VI and 
CV.  We also plan to measure charge collection using a IR laser/picoprobe system. Detailed 
planning for the final system will require a set of decisions on sensor technology (p-on-n or n-on-
p, AC or DC coupled …).  
 
Interposers will require continuity testing before incorporation into the 3D stack.  The pitch is 
likely to be large enough to use standard techniques such as bed-of-nails or flying probe testing. 
 
 
6. Provide a plan to integrate and test the 3D structure comprising sensors, electronics and 
interposer as it is being assembled. 
 
Much of the module testing will repeat those steps mentioned in 5. Once an array of die are 
placed on a module they cannot be tested until the interposer is placed.  In the model where a 
single die layer is bonded to the bottom sensor the interposer will provide the interconnectivity 
among the die on the module.  The “tail” on the interposer can then be plugged into a readout 
system and the bottom module section tested.  The top sensor would then be bumped to the 
bottom sensor/ROIC/interposer stack.  Full readout tests can then be repeated. 
 
 
7. Provide a plan to design the distribution of the low voltage power (and filtering), control 
signals, clocks and asynchronous digital readout busses, including the requirements on 
these systems. 
Our current idea is to use the DC to DC converter recommended by the Tracker committee on 
low voltage supplies.  Mass constraints favor a twisted pair distribution rather than a circuit 
board.  There will be one DC-DC converter per pair of sensors.  The converters will operate at 
frequencies in the bandwidth of the front end electronics so shielding is important.  We plan to 



house both the converters and twisted pair inside the carbon support tubes and make use of a 
copper clad polyimide etched with a mesh pattern to form a shield between the sensors and the 
converters.  This polyimide will be co cured with the carbon fiber support structure so that both 
the copper and the carbon fiber contribute to the shielding.   This method has proved very 
successful in the layer 0 detector for the Dzero experiment. 
 
8. Provide a plan to design of the data transmission between layers in stacks that includes 
evaluation of via density. 
 
Trigger information is in the R Phi view so we are proposing that in the z direction, the top 
sensor of a layer is about 4 times longer than the lower sensor z length.  This reduces via density 
by a factor of 4.  We prefer a simple current mode analog transmission method so that 
communication noise is minimized.  A simple 4 level scheme gives an additional factor of 4.  If 
we assume a 75 micron sensor pitch by 1.5 mm in Z, Then we would need one via every 1.8 
mm2.  An 8 level current mode encoding might be possible giving a density of 1 via every 3.6 
mm2. 
 
Full design of the inter-layer data transmission will depend on a number of items: 

1. A decision would need to be made on the inter-tier data transmission scheme, analog 
sensor data transmission over the interposer or a two layer design with preamps on top 
and bottom. 

2. Understanding of the rejection of a single stack. To understand this a physics-based 
decision will have to be made about the pt threshold required for the trigger. Given this 
the geometry of the system would then be optimized to balance rejection vs data 
bandwidth. This optimization includes sensor separation, hit resolution, and ROIC 
algorithm. 

3. A choice of double stack geometry.  With sufficient rejection or a higher pt threshold the 
data load might be low enough utilizing a single sensor pair to transmit data off the rod 
without further filtering. If this is not the case then there would have to be additional 
local processing to correlate filter data coming from upper and lower stacks. 

4. Conceptual design of a fully functional chip including I/O, power and sensor pads. 
5. Understanding of how to route the signals through the interposer, given required 

conductor thickness for power and noise considerations.  This will depend on both the 
interconnect density available on the interposer and the layout of chips on the module. 
 

Much of this information will evolve as we study the physics and technology required for super 
LHC.   
 


