FDR-04: ATLAS Pixel Sensors  -  Interface Issues

The sensor wafers will be subject to several operations, in order to build pixel detectors. First they will be metalized and bumps will be deposited on the input pads of each pixel. These bumps will be either indium or solder. Then the wafers will be diced into tiles and electronic chips will be assembled on teach tiles (16 chips by tile for the large ones), by a technique called bump-bonding. On these modules we will glue an instrumented flexible circuit (the hybrid) which will be wire bonded to the electronic chips. The modules will then be glued on carbon-carbon support to form either a disk sector or a barrel stave. The bump-bonding requires a defined metal on contact pads and passivation in between. It requires also well defined alignment marks. A too large bow of the wafer or a too high roughness would prevent the bump-bonding. The gluing of the modules should be done with high accuracy and special alignment marks are needed for positioning and survey.  Compatibility with he material in contact with the sensor (glue, grease, coolant,...) is obviously mandatory. The sensors will be placed very close to a high intensity and high energy beam and it is supposed to continue to work after a fluence of 1015 cm-2, this will imply to bias the sensor at high voltage. 

In the following table all the requirements coming from the Mechanics, the Modules and the Electronics are summarized together with the sensor specifications which should meet these requirements. For the electrical properties of the sensor required by the Electronic see the FDR-document FDR-02.

Requirements from the (w/o electrical properties, which will be extra) for the Sensor Input, Comments and Questions (some left color coded) are given by different persons, Maro, David, Pierre, Kevin, Renate



Requirement given from Mechanic, Module and Electronic
Sensor specification
To do

Sensors
Info for 

modules
QUESTIONS and/or REMARKS

1.0
Dimensions







1.1

Length
62.8 mm  +/- 0.01 
63.0mm+0/ - cutting width

The cutting width is question to the places where the wafers get cut.  What is the cutting width and the accuracy?
Please note the outer dimensions of the sensor

(center cutting line to center line) is: 63.0 x 18.6 

For the 2nd prototype also the outer edge pixels were  elongated, which changed the length from 62.6 to 63.0, but all other dimension are the same since the 1st prototype.
18.6 +/- 0.01 mm

that is the tolerance for the dicing. The point is to ease the positioning by mechanical guides.



1.2

Width
18.6 +/- 0.01


18.6mm+0/ - cutting width




1.3

Thickness


0.25 mm


0.25 mm




1.4

Max. thickness variation wafer to wafer 
+0.01/- 0.03 

+0.01/-0.03 

and the information of the individual thickness < 0.01 




1.5

Max. non-uniformity  across one wafer
 +/- 0.01
< 0.01 µm




1.6

Planarity 

Bow of the wafer
 
< 40 µm

Module bow:  

< 70 µm 


1.6

Roughness
Less than 2 µm 





1.7

Pixel Dimension
50 µm x 400 µm


50 µm x 400 µm






1.8

FE-chip size
The FE chips require a dicing area of 100u around the border of the active Area, so that the as-cut die width is 7400u. In addition, a 200u gap between Cut die has been reserved for flip-chipping, so the distance between active Regions of electronics die is 400u in both directions (between neighboring

Chips on one side of a module, and between chips on opposite sides of a Module). The total height of the electronics die, as cut, is 11000u, with the 100u square wire-bonding pads located at the bottom of the die. The centerline of the wire-bonding pads is located 175u above the cut edge of the die. These pads must be fully accessible after flip-chip assembly with a sensor.
with 600 µm elongated edge pixel in the long direction

and ganging of 4 edge pixels in the 50µm direction, to cover the gaps between chips 




1.9

Number of pixels
 16 chips with each 160 rows and 18 columns.

-> 46080 read-out cells per tile 
Including the 4 ganged pixels per chip the total number of pixel cells per tile is

16 x (180+4) x18 = 47232

with a total active area of

16.4 x 60.8 mm2













2.0
Cooling







2.1

Coolant
Compatibility with flourinents

Test  needed
Test  needed
Who has irradiated refrigerant and can immerse a single chip in it?

 

2.2

Power Dissipation

and max. current 
50 nA per pixel

and

2 mA at 600 V
32 nA per pixel measured after 1015 cm –2 at -7 C
 
< 7.7 W  per module











3.0
Maintenance







3.1

Expected Warm-ups
Up to 30 day s 

@ 20 degree   (?)   
per year

Should be less than 15°C

Needs a new calculation.

Current TC plan is to have the access to inner detector 3 times a year for about 10 days, so I would consider 1 month a year as max warm up time: is that too much?

As the current standard scenario is 2 days @ 20 C and 14 days @ 17 C, this would take a bit from the advantage with oxygenated silicon.  

What scenarios should we include in the new calculations?












4.0
Gas Environment









Compatibility with
N2,








CO2, (H2CO3)



In test with SCT










5.0
Adhesives









Compatibility with
CGL7018 on front side
Under test (NM and LBNL)







NEA123

(UV curing adhesive that we use to tack the modules to the sectors)
Under test (NM and LBNL)







Araldite 2011 on back side
Under test (NM and LBNL)


Is this the glue to stick the flex?




Thermagon on back side
Under test (NM and LBNL)


Is this the glue to stick the flex?










6.0
Bias Voltage











Breakdown Voltage > 600 V

after irradiation with design fluence






Voltage rating of parts and layout
< 1000 V







Voltage rating of power supplies
700 V  (?)
Maximum Operating Voltage

600 V













7.0


Alignment Marks









Marks on FE-chip 
Three marks have been

placed along each side of the FE die. One mark is in the upper corner of the die, placed 75u in from the top and side cut-edges of the die (25u outside the end of the active area in both directions). One mark is in the lower corner of the die, placed 75u in from the bottom (wire-bond pad end) and side cut-edges of the die. An additional mark has been placed in the end-of-column region of the FE die, 1925u from the bottom cut-edge, and also 75u in from the side

cut-edge.







7.1

For IC's assembling on modules (flip/chip)
4 marks at more than 4 cm in between and not in the sensitive region



Need a drawing ?

YES, to have the compatible marks on the sensor and the FE-chip which are ok for the different vendors during flip-chipping

7.2

Module to stave positioning

If the alignment has to be performed with high accuracy, hence the reference marks should have a very thin style: the alignment will be done under a magnifying optical probe, therefore no matter if they are not visible

We should keep the targets away from the wire bonds which may be encapsulated and hence cause targets to be covered.
Visible during and after assembly ->

>=  7mm from the ends

central (sym. about center)



Eric Vigeolas is making a first drawing to start with

In building the Babar vertex detector at LBNL a target consisting of a cross within a circle was used with good results.  The diameter of the circle was 150 µm.

OK for me. 

I think a first specification should come from the layout constraints (in terms of allowed area) if we want the alignment marks to be visible after installation of the stave on the shell structure.

Which is the deadline for such a definition?  

3rd Dec. is one date and the point of no return is the sensor wafer layout in Jan. 










9.0
Contacts







9.1

Bump pads
Aluminum







Dimensions 
The electronics metal input pad is 20u in "diameter" (round pads are not allowed

by standard microelectronics design rules, so it is octagonal). The passivation opening over this pad is 10-12u, where the actual value is not well known because microelectronics vendors are not accustomed to specifying

the difference between the as-drawn and actual size of passivation openings at

the micron level.
12 µm


Are the openings as now on the sensor ok?



Positions
FE input pad centered in

the 50u dimension, and located 25u from the end in the long direction.

Mirrowed.
Mirrowed. 25 um from the end in the long direction and centered in the short direction (pitch 50 µm)













9.2

Wire bonding pads
Aluminum



Which pads ???










9.3

Bias Contact on p-side




Please specify the position and the opening size.










10.0
Passivation

Nitride



Important for Pb bump-bonding

Only Nitride? What is with low temperature oxide?


























What may be missing ?

























