Reference No: FPcam EMCCD 050617

Stockholm University, Department of Astronomy

Invitation to tender

Procurement of: EMCCD (Electron MultiplyingCCD) Camera

DATE: 2005-06-17

Tenders should be received no later than: 2005-09-10



1. Qualification requirements

Stockholm University (hereafter, SU) shall only consider tenders submitted by parties that meet
the qualification requirements checked below. The certificates indicated are only intended as
examples, and

other, equivalent certificates may also be used. Tenderers that do not meet the requirements
stated in Public Procurement Act (Lagen om offentlig upphandling) § 1:17 will be disqualified.

Legal status

* Registration certificate from the Swedish Register of Companies or Swedish Trade Register or
certificate from National Register of Companies or Trade Register.

* Certificate proving that the tenderer has paid the required taxes and fees.
(Swedish companies: Use SKV 4820 from the Tax Office)

Economic and financial situation
* Most recent annual accounts approved by auditors.

Technical ability and capacity

* Enclose details of three of the most important projects (relevant to this procurement undertaken
in the past year, indicating the amounts, dates etc.)

2. Information on the procurement (Requirement specification)

Time plan

Request for tenders sent See cover sheet

Deadline for submission of tenders See cover sheet

Bound by tender & signed agreement See “4. Administrative conditions”
Date for delivery after closing of deal: + 6 weeks, if not otherwise agreed

Date for fully operational system after delivery: +3 weeks



Background

The EMCCD cameras will be used in an instrument, called “FPcam”, intended for astronomical
imaging. The reason why this type of CCD camera is preferred is the combined need for time
resolution and high sensitivity. As astronomical sources tend to be very faint, the highest possible
sensitivity is usually requested and the reason for the here added time resolution requirement has
to do with the rapidly varying sharpness of the images due to atmospheric turbulence (referred to
as “seeing”). By simply shift-and-add the best frames it is possible to get images that are as sharp
as those taken in by the Hubble Space Telescope with e.g. The 2.5m Nordic Telescope at La
Palma. Current EMCCDs offer a frame rate of 30/s, have a low read-out noise and (if thinned and
back illuminated) have a high quantum efficiency. The on-chip electron cascade gain allows in
principle single photon detection and our preliminary tests show that this also will work in
practice. Obviously the dark current must be low (achieved by cooling to about —80C) in order to
keep the dark counts as few as possible. In addition to the real photon and dark counts, the clock
signals tend to interfere and get multiplied in the same sense and add substantially to the
background. These clock induced counts should be as few as possible for our application and for
this reason we include a paragraph on this property in our technical requirements

Specification of requirements (function/technology)

Volume and extent

2 EMCCD cameras including electronic drive units and software according to standards set
below.

* System overview

Electron multiplying CCD camera for imaging photon counting applications in the visual
spectrum (ca 400 — 800 nm), with 512x512 pixel resolution and at least 25 Hz frame rate.

* Main functions

Operation Conditions

The cameras shall operate at ambient temperature (-5 — +25 C) and humidity (5—95%).
Signal Amplification and Gain

Signal amplification shall be performed on-chip.

Signal amplification gain should be 1-1000x.

A conventional amplifier should be included in the camera.

Specify performance.

Cooling



The EMCCD chip should be air-cooled.
Specify if cooling with other media is possible.
Specify operational performances at different cooling temperatures.

Software

Camera software shall include basic image presentation and processing tools

Software drivers for camera control by customer provided ¢, c++ or pascal codes shall be
included

The source code for the camera control should be available (for efficient interfacing to customer
code)

Additional Hardware
Power supply and necessary computer controller boards shall be included.
The two cameras shall be controlled by one computer

Specify technical requirements for the computer

It should be possible to run the cameras at a distance of 20m
Specify options



* Quantified performance

Quantum Efficiency

The quantum efficiency shall be at least 80% in the wavelength region 500 — 700 nm.
Supply chart of QE vs. wavelength.

Image Size

The EMCCD chip shall have at least 512x512 pixels.
The pixel size should not exceed 16x16 pm.

Frame rate

The frame rate shall be at least 30 frames / second at full resolution.
Frame rate increase should be possible with pixel binning and sub-frame readout

Digitization

Shall be at least 14 bit at fast read-out
Shall be at least 16 bit for conventional (slow) read-out

Dark Current

Shall be lower than 0.01 electron / pixel / second at an ambient temperature of 20C

Read noise

Shall be less than 10 electrons rms in conventional (slow read-out) mode

Photon counting performance

It shall be possible at very low light levels (< 1 photon/s pixel) to use the cameras in photon
counting mode by applying a threshold signal level, SO, above which >90% of the photo-electrons
are detected and simultaneously there shall be less than 0.01 clock induced pulses/readout.
Although a stable read-out level, SO, is preferred, a slow drift can be accepted (less than 1 ADU/s
after the first 100 frames at a frame rate of 30/s, assuming a stabilized detector temperature).

The photon counting mode is intended for high on-chip gain and high frame rate (30 frames/s),

but it is a merit if the cameras can be used in this mode at slower frame rates without additional
clock induced pulses.



* Design (i.e. Construction, manufacturing, interfaces, environmental
endurance, looks)

Interfaces

It should be well described how user software can be interfaced to the camera driver software.

* Operational security and maintenance
Service

Service packages for the system should be offered
Specify response time, i.e. expected equipment downtime before repair.

* Documentation

Full documentation and handbooks shall be included.

e Guarantee and service

1 year guarantee on whole system and software, should be included.
Specify all options and prices.



3 Assessment of tenders

Tenders that do not meet the qualification requirements specified in section 1 shall be
disqualified. Omission of the required information may be regarded as a failure to meet the
qualification requirements.

Assessment criteria

We shall choose the tender that is the most financially advantageous when all the
circumstances are considered together.

The following elements will be given particular weight in our assessment:

1) Technical merits and quality

2) Price

3) Warranty

4) Running and maintenance costs
5) After-sales service.

The assessment criteria are listed in decreasing order of priority.



4 Business conditions

The conditions stated below vary from preferences to absolute requirements. The basic
rule is that they should be included in the content of the agreement. Applicants should
address or comment on all the below conditions in their tender, in the order they
appear. Applicants who fail to do so will risk disqualification, as SU cannot

accept tenders that are incomplete or insufficiently clear.

Guarantees

The term and scope of guarantees must be indicated. The guarantee, minimum one year,
must be a full guarantee, meaning that the supplier shall pay all costs of corrective measures
during the term of the guarantee. The guarantee shall take effect from the approved delivery
date. The tenderer should indicate and clearly define any limitation of liability.

Insurance

SU must be assured that any damage caused by the supplier will be duly compensated.
Specify all relevant insurance policies held.

References

The tenderer shall submit a list of references (name, telephone number and e-mail address)
relevant to the projects indicated under the heading “Technical ability and capacity”.
SU may contact these references.

Delivery and acceptance testing

Place:

AlbaNova University Center, Astronomy
Attn. Goran Olofsson (tel 5537 8524)
Roslagsviagen 30B

Stockholm

Delivery conditions:

Free and insured by the supplier. DDU on site at the Department of Astronomy

“Approved delivery date” refers to the date the delivery is completed and approved by SU.
“Final acceptance date” refers to the date the equipment is installed, commissioned and finally

has been accepted by SU.
SU will only bear the risk of damage or loss of goods occurring after the approved delivery date.

Payment

- 80 % of the purchase may be billed after the approved delivery date, and the remaining
- 20 % may be billed after the final acceptance date.



- The contract price is the total price for the entire delivery
- Payment conditions: 30 days from receipt of the invoice
- Invoicing charges or other surcharges may not be added
- The amount billed shall be exclusive of VAT

- The invoice shall be correctly addressed to

AlbaNova University Center, Astronomy
Attn Goran Olofsson
SE-106 91 Stockholm

- The supplier may charge arrears interest of 8 % above the current Reference Rate set by
the Swedish Riksbank.

Delayed deliveries

A delivery shall be regarded as delayed if the established schedule is not honoured and
SU is not responsible for this delay.

Complaints

Complaints shall be submitted within reasonable time after detecting a fault or delay.

Defective goods

Goods shall be regarded as defective if:

- The goods differ from SU’s reasonable expectations based on the requirements
specification, or

- The supplier has failed to inform SU of circumstances regarding the condition or
purpose of the goods that the supplier should have known about and realised was relevant
to SU.

Sanctions

- In the event of other defects or delays, the supplier shall pay a penalty fee of 1 % per
commenced week. The base for calculating this penalty fee is the contract price exclusive
of VAT.

- The supplier shall pay damages for direct damage (unless the supplier can prove that the
damage was caused by circumstances beyond his control). The supplier shall also pay
damages for indirect damage due to negligence.

- SU may terminate the agreement if a fault or delay causes significant inconvenience

to SU, or if it appears likely that the goods cannot be delivered. SU may

terminate the agreement if delivery is delayed by more than 60 days.

- The supplier shall be responsible for the payment of any subcontractors.



Other conditions

Quality assurance system

The tenderer shall describe his company’s quality assurance routines, and specify whether the
company has a quality control system that complies with ISO 9000 or another quality
assurance system.

Environment

SU’s environmental and sustainability policy states that SU shall actively

contribute to sustainable development through all its activities (i.e., it shall actively strive to
reduce environmental impact and the depletion of resources through its activities). In view of
this, it is vital that tenderers outline their environmental policy (if they have one).

Interpretation of the agreement

The agreement signed by all parties is intended to be exhaustive.
In the event of conflicting information or conflicting interpretations deriving from this
agreement, the following documents shall apply in the below order:

1 The agreement
2 The request for tenders
3 The tender.

Applicable law and forum

Any disputes regarding the drawing up, interpretation or application of this agreement shall
be determined by a Swedish court according to Swedish law, at the city where SU
maintains its headquarters.

Any disputes between the parties arising due to this agreement shall, in the first instance, be
settled through negotiation.



S5 Administrative conditions
The below conditions are, in principle, non-negotiable. Any comments or objections you may

have to these conditions should be specified in the tender. (This section addresses the
procurement process and the rules that regulate it.)

Customer

See cover sheet

Form of procurement

SU carries out procurements according to the Public Procurement Act. A simplified procurement
process shall be used for this procurement. Tenders may be accepted without prior negotiation.

Language
English or Swedish

Tenders

Your tender should include the following points, and should be organised as follows:

1. Description of goods

Freely describe the goods and services offered, bearing in mind SU’s activities and requirements.
2. Response to the requirements specification

The tender should be structured as indicated in the requirements specification. It should include
detailed responses to the conditions and questions in the requirements specification. References to
previous agreements and other similar documents cannot be accepted. If the tender refers to
specific documentation, the same should be submitted with the tender.

3. Indication of prices and/or discounts

The tenderer shall state the price (total price) to be paid by SU, exclusive of VAT but including
any other costs. Any such additional costs, fees etc. that are not included in the price shall be
clearly specified. If the tender offers a discount, this shall be indicated using an established
formula such as a specific Sales Price List or Purchase Price List, to make clear the value of the
discount.

4. Comments to business conditions and administrative conditions (if any)

The basic rule is that these conditions should be included in the content of the agreement. If they
are not included, the tenderer should specify any amendments or objections he wishes to make to
these conditions. (NB: Too many or excessively elaborate proposals for amendments may result
in disqualification from the procurement process.)



Submission of tenders and receipt of the request for tenders

Tenders shall be submitted in writing in two copies and in electronic form. If brochures and
product samples are submitted, one single copy shall be submitted. The tender must be received
by SU by the date and time specified on the cover sheet.

(NB: The tender is also submitted electronically, it shall be submitted as a single document, if at
all possible. Permitted file format: PDF or MS Word/Excel.)

Tenders arriving after the deadline shall not be accepted.
Requests for tenders may be obtained as computer files.

Address for submitting and sending tenders and obtaining requests for tenders:
See below: Contact person

Courier address:

See below: Contact person

Tenders should be marked with:

Reference no. (see cover sheet)
Other/ additional: “EMCCD Camera”.

Term of the tender
The tender shall be binding for 2 months after the application deadline (see cover sheet).
Other information regarding tenders

Tenders may be submitted for a part of the goods or services specified in the request for tenders.
Tenders may be accepted in whole or in part.

Confidentiality and the freedom of information principle

Until an agreement is entered into between SU and the supplier(s) selected, the tenders and their
content may not be disclosed to parties other than the submitter of each individual tender.
However, after an agreement has been entered into, the tenders and their appurtenant documents
shall become public information. Exceptions may only be made “if there is specific reason to
believe that the party [including companies] may suffer damage if the information is disclosed”,
(Confidentiality Act of Sweden, Chapter 8, § 10).

If you have information that you feel belongs to the above-mentioned category, your tender
should include precise details of which information should remain confidential, and the reason for
this. SU will then evaluate your request.



Contact person
Any questions regarding the request for tenders may be sent by e-mail or fax to

Goran Olofsson

e-mail olofsson(@astro.su.se
phone +46 8 5537 8524

fax +46 8 5537 8510

address

Goran Olofsson
AlbaNova University Center, Astronomy
SE-106 91 Stockholm



