Technical Specification

for BTeV Silicon Pixel Sensors for LANL
(February 10, 2006)


Overview

A technical specification of the BTeV silicon pixel sensor is included below.

The basic unit of the BTeV pixel detector is a module which is a linear array consisting of a number of readout chips connected by bump-bonds to the silicon sensor.  Each readout chip has 22 columns x 128 rows and the base pixel size is 400 microns x 50 microns. 

A wafer contains the 1x4 modules and 1x8 modules. Smaller sensors, called single-chip sensors (8.6 x 11.4 mm2), various test structures, process control monitors, and fiducial markers will also be placed on the wafer. After delivery and testing, the sensor wafers will be sent to another vendor for a new photo-lithography process to allow for the deposition of the interconnection bumps. The modules and some single-chip sensors will then be diced off the wafer and flip-chip mated to the pixel readout chips. Each wafer must have a minimum number of modules that comply with our specifications in order to be accepted as a delivered product.  (Note: The minimum number of modules will be stated later in the WAFER LAYOUT section.)

The wafer design will be provided by Los Alamos in electronic form (GDS2 files). The vendor will then work together with us to finalize the design details and the wafer layout according to their design rules and process details.  Any proposed change to the design and/or layout must be agreed upon by the LANL/BTeV pixel group. The vendor will need to provide us with a data sheet with information about the process details for the various batches and for individual wafers. The initial testing of the wafers will be done by the vendor and the test results must be delivered to the BTeV pixel group in electronic form.

The deliverables for this proposal will be:  fully-processed and undiced silicon sensor wafers that pass the acceptance criteria as specified below, the test results and the process details.

2. Sensor specification

GEOMETRY:

The base pixel size is 50 x 400 m2   except at the boundary regions between readout chips where the sensor cells are extended to 600 m. On each wafer will be a few single chip sensors (each measuring 22 columns x 128 rows), modules of different length (4 or 8 chips long), test structures, gate-controlled diodes, and MOS capacitors.   

MATERIAL SPECIFICATION:


Wafer diameter


4 inches (100mm)


Crystal orientation                         <111>
Thickness


           250 (m +10 m –20 m


Uniformity (across wafer)              < 10 (m 

Wafer bowing after processing    < 50 (m (sagitta)


Doping of starting material:  
n-type


Resistivity:


           2 - 5 K( cm 

Uniformity of resistivity (wafer to wafer)
 (25%

Oxygenation:                                
 the wafers need to undergo an oxygen thermal diffusion process for 24 hours at 1150C


Polishing: 


            Double sided

           Passivation:
Covering both sides except for bond pads (both bump and wire bond pads) and reference marks. It can either be silicon oxide or silicon nitride.

DESIGN PARAMETERS

· Devices shall be n+ pixels on n substrate using “moderated p-spray” as the n-isolation technology. Note: this is covered by a Non-Disclosure Agreement with six institutes in the ATLAS collaboration and three patents held by Garching Innovation.  

· The full design for the masks will be provided by us in electronic form (GDS-2 file)

· Vendor will finalize the design details according to their design rules and process, and will work with us on the final design and mask layout. Any proposed change to the design must be approved by the BTeV pixel group.

· Mask alignment precision within the same side :   (2m

· Mask Alignment precision between front and back side:  (5m

· Processing parameters shall be the same as for the ATLAS production moderated p-spray detectors (as covered by the Non-Disclosure Agreement and patents mentioned above):

Front Side (n-side)

1. N-implantation:

· minimum width 5 m 

· minimum spacing 5 m

2. P-implantation “moderated p-spray”:

· minimum width 5 m

· minimum spacing 5 m

3. Contact holes in oxide:

· minimum diameter 5 m

· minimum spacing 20 m

4. Metal:

· minimum width 8 m

· minimum spacing 5 m

5. Contact holes in passivation:

- Minimum diameter 12 m

· minimum spacing 40 m

Back Side (p-side):

1. p-implantation:

a. minimum width 5 m

b. minimum spacing 5 m

2. Contact via in oxide (or nitride):

a. minimum diameter 5 m

b. minimum spacing 10 m

3. Metal:

a. minimum width 8 m

b. minimum spacing 5 m

4. Contact via in passivation:

- Minimum width 50 m

- minimum spacing 100 m

ELECTRICAL SPECIFICATIONS BEFORE IRRADIATION:

· Depletion voltage shall be measured on special test diodes with guard ring on N-side. Definition Vdep: “Depletion voltage Vdep is determined as absolute V at the sharp bend levelling into a plateau in CV plot”. (See Appendix #1, below)
· Depletion voltage variation: All sensors must have a depletion voltage within range 30V ( VDEP ( 120V.

· Operating voltage Vop at 20 deg C: VOP = 150V or VDEP + 50V, whichever is greater

· Leakage current @ 20 deg C: ( 160 nA/cm2 at Vop (1 (A per 1x8 module)
· Current slope measured at 20C: I(Vop)/I(Vop-50V) < 2

· Breakdown Voltage definition: “Breakdown voltage Vbd is highest measured absolute V with absolute normalized I < 1 (A per 1x8 module” VBD ( 200V or VOP+50V whichever is greater

· Oxide breakdown voltage: Voxbd > 50V measured on a small area (1mm2) test device

· Detector current shall increase by no more than 25% after 12 hours of operation in dry air at Vop (RH ( 40%)
ELECTRICAL SPECIFICATIONS AFTER IRRADIATION:

While the vendor is not required to do any test to certify the following specifications are met, the delivered sensors are expected to have the following performance after a fluence of 1 x 1015 cm-2 1MeV-neutron equivalent.

· Operating voltage Vop >  500V 

· Leakage current @ -10 deg C:  
( 100A/cm2 at Vop 
· The current of the irradiated sensors shall increase by no more than 25% after 12 hours of operation in dry air at the operation voltage.

These specifications are required by the BTeV experiment and will be tested by the BTeV pixel group regularly throughout the production period on single chip sensors which are included on the wafers.

WAFER LAYOUT
The wafer will have 6 1x8 modules and two 1x4 modules. The rest of the wafer will have single-chip sensors, test structures, and alignment structures.
OPTICAL PROPERTIES:

All wafers shall be free from scratches, blemishes and other visible defects (e.g. cracks). 

QUALITY CONTROL:

The vendor is required to perform checks and tests to ensure the wafers will be selected and processed according to our specification and their design rules.  Consistency of the processing will be checked by the vendor using Process Control Monitors (PCM)  of their

choice.  Information on the consistency of the alignment and processing will be provided to us. The vendor shall maintain the same processing and passivation parameters as those established in the pre-production batches that have been proven to meet our electrical specifications.  The vendor shall set up a Production and Quality Plan, to be supplied to LANL for approval within three weeks of the notification of award of the contract. Specifically, the plan shall include:

Raw Material selection and delivery;



Production schedule;

Delivery schedule;

Definition, size, and means of identification of pre-production and production batches ensuring traceability;

QA method

Acceptance testing and measuring methods

Labeling of wafers

Format of data to be supplied with the delivered wafers

Once agreed upon, any proposed change with respect to the approved Production and Quality Plan during the Production stage must be subject to prior approval by LANL in writing.

ACCEPTANCE TEST:

· The vendor shall provide a description of the test structures used to certify the final wafer, and the tests carried out on each wafer to ensure that electrical specifications are met. 
· For each wafer the vendor shall supply copies of the material specification sheet and of the test results performed to qualify that the wafer meets the specifications.

· The tests to be performed are described in the section “Measurement Procedures”.

· Basically, on average, we expect about 70% of the modules on the wafer will meet fully our electrical specifications. 

MEASUREMENT PROCEDURES:


All measurements shall be performed under the following conditions: temperature between 20 C to 25C, relative humidity below 50%, and in a light-tight environment. The temperature and humidity is to be measured on or near the device under test.  The results are to be provided to us as a text file, an EXCEL file or other mutually acceptable format.


The tests are to be performed on the diodes, single chip devices, the modules, and MOS oxide test structures. These tests are I-V and C-V measurements.  


The I-V measurements shall be done from 0V up to –600V in 5V steps. The current limit during these measurements shall be set to 1 A for single chips and 10A for the modules. 


The C-V measurements shall be done at one frequency in the range between 1KHz to 100 KHz, with 50KHz preferred, and a test signal of amplitude 0.2V to 1V. The LCR meter must be calibrated for the chosen probe and chuck setup before the actual measurement is performed. The C-V measurements are performed on special diodes with guard ring on N-side (to determine Vdep) and on MOS structure. The measurement shall be done from 0 V up to 250 V or Vbd whichever is lower. 
QUANTITY:

           Preproduction: The vendor shall supply at least 12 wafers meeting all specifications. In addition, all the wafers fully processed for this submission shall also be supplied.  We may consider asking the vendor to produce only one type of sensor wafer for the preproduction phase.

SHIPPING AND PACKAGING:

The vendor is required to package the fully processed and tested wafers adequately to prevent damage while in transit to LANL.

TERMS OF AGREEMENT:

The initial acceptance of the sensor wafers will be based upon the results of the measurements performed by the vendor, according to the criteria described above. These measurements will be confirmed by independent measurements at Los Alamos National Laboratory or at universities collaborating on the LDRD pixel project. Based upon the results of these measurements, we reserve the right to reject a wafer within 6 months after delivery. The vendor will be notified and upon request these wafers will be returned to the vendor for re-measurements and other tests. Both parties can agree upon the acceptance of individual wafers if specifications are missed only marginally. We request to obtain mechanical grade devices, as available, at no charge. 

DISCLAIMER:
We invite the companies bidding on the sensors to take specific exceptions to specifications, which they feel are not appropriate to their process as long as the performance of the detector is not compromised. These exceptions will be considered in the bidding process.      
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Appendix #1:

VDEP = 75 V
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