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Miniature CCD X-Ray Imaging Camera Technology

Final Report
CRADA No. TC-773-94
Date Technical Work Ended: September 19, 1995

Date: July 23,2001 Revision: 5

A. Parties

This project was a relationship between Lawrence Livermore National Laboratory and
Princeton Instruments, Inc. Roper Scientific acquired Princeton Instruments in 1997.

The Regents of the University of California
Lawrence Livermore National Laboratory

7000 East Avenue

Livermore, CA 94550

Alan Conder

Principal Investigator

Telephone: (925) 422-2032

Fax: (925) 423-9388

Princeton Instruments, Inc. (now Roper Scientific)
3660 Quakerbridge Road

Trenton, NJ 08619

Frank J. Mummolo

President

Telephone: (609) 587-9797

Fax: (609) 587-7885

B. Project Scope

The goal of the project was to develop a compact, large active area, high spatial
resolution, high dynamic range, charge-coupled device (CCD) camera to replace film
for digital imaging of visible light, ultraviolet radiation, and soft to penetrating X-rays.
The camera head and controller needed to be capable of operation within a vacuum
environment and small enough to be fielded within the small vacuum target chambers
at LLNL. 4
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There were three phases to the project:
1. Manufacture of a prototype CCD camera head with these specifications:

a. Small size 60mm x 60mm x 60mm

b. High resolution CCD using the TK1024 CCD or equivalent

c. Thermoelectric cooling of the CCD sensor to between -20° to -30°C for
dynamic range of 14-16 bits

d. Electronics and packaging compatible with a vacuum environment

2. Design, development, and manufacture of prototype CCD camera controller
with these spedifications:

a. Small size approximately 130mm x 130mm x 180mm

b. Dual 100 kHz 16 bit video digitization capability

c. Serial communication data link

d. Electronics and packaging compatible with a vacuum environment -

(CCD camera controller was not developed because it was impractical for the
vacuum applications that we originally intended for its use. Princeton Instruments
delivered a commercial CCD controller and worked with us to guarantee it would
interface with our CCD camera head.)

3. Development and manufacture of computer interface hardware package that
would have IBM 486 (or equivalent) compatibility and would be capable of
interfacing with four camera controllers, and the development of the computer
interface software for display and analysis of digital images. :

(Princeton Instrumnents provided software support that insured the CCD camera we
developed could be used on the IBM 486 and equivalent.)

There were five deliverables:

Miniaturized camera head prototype
Compact camera controller
Computer interface card

Computer software

Documentation

A
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C. Technical Accomplishments

A compact CCD camera head capable of use in the laser vacuum target chamber was
developed. Through the cooperation of Princeton Instruments, it was designed to be
integrated into an ST-138 camera controller and WinView imaging software. This
endeavor was completed on time and these systems are now in use at LLNL and the
University of Rochester. There are no unresolved issues.

Our original technical objectives were to design, develop, and manufacture a compact,
large active area, high spatial resolution, high dynamic range, charge-coupled device
(CCD) camera to replace film for digital imaging of visible light, ultraviolet radiation,
and soft to penetrating X-rays. The camera head and controller needed to be capable of
operation within a vacuum environment and small enough to be fielded within the
small vacuum target chambers at LLNL.
There were five milestones:
1. Miniaturized Camera Head Prototype
The miniaturized camera head prototype was completed, and evaluated by
LLNL during May 1994. At that time, it was made available to Princeton
Instruments for their own independent evaluation, which was completed in July
1994.

2. Compact Camera Controller

The compact camera controller prototype was completed, and evaluated by
LLNL during August 1994.

3. Computer Interface Card

A computer interface card prototype was evaluated by LLNL.
4. Computer Software

The computer software was evaluated by LLNL.
5. Documentation |

LLNL and Princeton Instruments completed final documentation, including a
complete fabrication package, along with test and evaluation reports. ’

7/23/01
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D. Expected Economic Impact

These compact CCD cameras have a broad spectrum of applications as optical and
X-ray imaging devices for DoD, DOE, industrial, and medical applications.

This collaboration with Princeton Instruments, an established national leader in the
manufacturing of CCD cameras, provided a direct relationship to a proven product line.

D1 Specific Benefits

By jointly developing this new compact, large area CCD camera, LLNL had immediate
access to Princeton Instruments’ experienced digital device engineers, tested system
operation procedures and software packages for integrated control and image
processing. Having Princeton Instruments as an active participant in the development
and evaluation of each stage of the project provided early user feedback and a focus on
the utility, not just the capability, of the final product. Princeton Instruments provided
future technical support for these CCD cameras. That was important since maintenance
of these systems outside of the DOE Weapons Program was not a desirable task for
LLNL.

Collaboration with Princeton Instruments gave the Weaponé Program a direct line to a
national technology leader and allowed future access to developing technologies in the
area of digital imaging devices.

The development of this technology benefited DOE and other government agencies or
universities involved in scientific research where the acquisition of very high quality
two-dimensional (X-ray, ultraviolet, or visible light) images is required.

E. Partner Contribution

LLNL was responsible for the electrical and mechanical design of the minjature camera
head. Princeton Instruments reviewed the camera head design prior to manufacture.
LLNL and Princeton Instruments collaboratively designed and manufactured the
minjature camera controller.

F. Documents/Reference List

Design schematics and prints of the CCD camera head developed at LLNL were turned
over to Princeton Instruments. In turn, Princeton Instruments published advertising
literature in their product catalog and took over commercial documentation and
support as they would with any other product they sold.

7/23/01
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Reports

None

Copvyright Activity

No copyrighted software was developed.

See attached list of drawings to which LLNL has received permission to assert
copyright from the DOE. (Attachment II)

Subject Inventions

IL-9458 A
Patent # 6,078,359
Title: Vacuum Compatible Miniature CCED Camera Head

Inventor: Alan Conder
Date issued: June 20, 2000
The assignee is the University of California.

IL-9458 B - Patent Pending

Title: Vacuum Compatible Miniature CCED Camera Head
Inventor: Alan Conder

Background Intellectual Property

LLNL

IL-9458
LLNL licensed the “Vacuum Compatible Camera Head” to Princeton Instruments in

January 1995 as License Number TL-1078-94.
This license was terminated by the partner on March 25, 1999.

Princeton Instruments (now Roper Scientific)

DC131 system design and chip set

WinView Software

Princeton Instruments CCD circuitry and signal processing details
ST-133 Architecture

7/23/01
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G. Acknowledgement

Participant’s signature of the final report indicates the following:

1) The Participant has reviewed the final report and concurs with the statements made
therein. The personnel from Princeton Instruments who worked on this project are
no longer with the company. To the best of our knowledge, Roper Scientific believes
the statement to be true.

2) The Participant certifies that all reports either completed or in process are listed and
all subject inventions and the associated intellectual property protection measures
generated by his/her respective company and attributable to the project have been
disclosed and included in Section F or are included on a list attached to this report.
The personnel from Princeton Instruments who worked on this project are no longer
with the company. To the best of our knowledge, Roper Scientific believes the
statement to be true.

3) The Participant certifies that if tangible personal property was exchanged during the
agreement, all has either been returned to the initial custodian or transferred .
permanently. The personnel from Princeton Instruments who worked on this project
are no longer with the company. To the best of our knowledge, Roper Sdientific
believes the statement to be true.

_C‘me !W”W‘éll 3efer

Frank J. Mummélo ' Date

President
Roper Scientific (formerly Princeton Instruments)
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Alan Conder ﬁ’e&l—

Principal Investigator .
Lawrence Livermore National Laboratory

Attachment I - Final Abstract
Attachment I - Copyright Drawings
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A. Parties

| This project was a relationship between Lawrence Livermore National Laboratory and
Princeton Instruments, Inc. Roper Scientific acquired Princeton Instruments in 1997.

The Regents of the University of California
Lawrence Livermore National Laboratory
7000 East Avenue

Livermore, CA 94550

Alan Conder

Principal Investigator

Telephone: (925) 422-2032

Fax: (925) 423-9388

Princeton Instruments, Inc. (now Roper Scientific)
3660 Quakerbridge Road

Trenton, NJ 08619

Frank J. Mummolo

President

Telephone: (609) 587-9797

Fax: (609) 587-7885

B. Project Scope

The goal of the project was to develop a compact, large active area, high spatial
resolution, high dynamic range, charge-coupled device (CCD) camera to replace film
for digital imaging of visible light, ultraviolet radiation, and soft to penetrating X-rays.
The camera head and controller needed to be capable of operation within a vacuum
environment and small enough to be fielded within the small vacuum target chambers
~atLLNL.

Lawrence Livermore National Laboratory is operated by the
University of California for the U.S. Department of Energy
Industrial Partnerships and Commerdialization, P.O. Box 808 L-795, Livermore, CA 94551
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There were three phases to the project:

1. Manufacture of a prototype CCD camera head with these specifications:

2.

a. Small size 60mm x 60mm x 60mm

b. High resolution CCD using the TK1024 CCD or equivalent

c. Thermoelectric cooling of the CCD sensor to between -20° to -30°C for
dynamic range of 14-16 bits

d. Electronics and packaging compatible with a vacuum environment

Design, development, and manufacture of prototype CCD camera controller
with these specifications:

a. Small size approximately 130mm x 130mm x 180mm
'b. Dual 100 kHz 16 bit video digitization capablhty
¢. Serial communication data link

d. Electronics and packaging compatible with a vacuum environment

(CCD camera controller was not developed because it was impractical for the
vacuum applications that we originally intended for its use. Princeton Instruments
delivered a commercial CCD controller and worked with us to guarantee it would
interface with our CCD camera head.)

3.

Development and manufacture of computer interface hardware package that
would have IBM 486 (or equivalent) compatibility and would be capable of
interfacing with four camera controllers, and the development of the computer
interface software for display and analysis of digital images.

(Princeton Instruments provided software support that insured the CCD camera we
developed could be used on the IBM 486 and equivalent.)

There were five deliverables:

Gk O3 =

Miniaturized camera head prototype
Compact camera controller
Computer interface card

Computer software

Documentation

Lawrence Livermore National Laboratory is operated by the
University of California for the U.S. Department of Energy
Industrial Partnerships and Commercialization, P.O. Box 808 L-795, Livermore, CA 94551
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C. Benefit to Industry

These compact CCD cameras have a broad spectrum of applications as optical and
X-ray imaging devices for DoD, DOE, industrial, and medical applications.

This collaboration with Princeton Instruments, an established national leader in the
manufacturing of CCD cameras, provided a direct relationship to a proven product line.

D. Benefit to DOE

By jointly developing this new compact, large area CCD camera, LLNL had immediate
access to Princeton Instruments’ experienced digital device engineers, tested system
operation procedures and software packages for integrated control and image
processing. Having Princeton Instruments as an active participant in the development
and evaluation of each stage of the project provided early user feedback and a focus on
the utility, not just the capability, of the final product. Princeton Instruments provided
future technical support for these CCD cameras. That was important since maintenance
of these systems outside of the DOE Weapons Program was not a desirable task for
LLNL.

Collaboration with Princeton Instruments gave the Weapons Program a direct line to a

national technology leader and allowed future access to developing technologies in the
area of digital imaging devices.

The development of this technology benefited DOE and other government agencies or
universities involved in scientific research where the acquisition of very high quality
two-dimensional (X-ray, ultraviolet, or visible light) images is required.

E. Project Dates

September 19, 1994 — September 19, 1995

Lawrence Livermore National Laboratory is operated by the
University of California for the U.S. Department of Energy
Industrial Partnerships and Commercialization, P.O. Box 808 L-795, Livermore, CA 94551
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List of LLNL Copyrighted Drawings

Title Drawing Number Author
Schematicc X-Ray Mini-Camera: LEAS3-1668-01 Rev A Alan Conder, Jim Dunn, Bruce Young
Pre-amp Eoard Camera Head
Pans List, X-Ray Mini-Camera LEAQ3-1669-03 Rev A
' Pre-amp Board Camera Head (7 pages) - Alan Conder
Assembly & Mechanical Fab: LEAS3-1663-04-E Rev A
X-Ray Mini-Camera - (18 pages) Alan Conder, Jim Dunn, Steve Shiromizu,
Pre-amp Board Camera Head BruceYoung :
Schematic; X-Ray Mini-Camera: .
Driver Board Camera Head LFAG3-1669-11 Rev A Alan Conder, Jim Dunn, Bruce Young
Parts List: X-Ray Mini-Camera: .
Driver Board Camera Head LEAZ3-1669-13 Rev-A Alan Conder
Assembly & Mechanical Fab:
X-Ray Mini-Camera: LEAG3-1668-14 Rev A Alan Conder, Jim Dunn, Steve Shiromizu,
Driver Board Camera Head : - Bruce Young
Schematic: X-Ray Mini-Camera:
Diaital Interface Board Camera Head LEAS3-1669-21 Rev A Alan Conder, Jim Dunn, Bruce Young
Parts List: X-Ray Mini-Camera: o :
Digital Interface Board Camera Head 1EA93-1669-23 Rev A Alan Conder
Assembly & Mechanical Fab:
X-Ray Mini-Camera: Digital Interface Board LEAS3-1659-24 Rev A Alan Conder, Jim Dunn, Steve Shiromizu,
Camers Head Bruce Young
Schematic. X-Ray Mini-Camera: .
Fiexibie Cable Camera Head LEAS3-1669-31 Rev 0 Alan Conder, Jim Dunn, Bruce Young
To Camera Controtler VO .
Parts List: X-Ray Mini-Camera: o
Flexible Cable Camera Head LEAS3-1669-33 Rev A Alan'Conder
To Camerz Controlier VO {4 pages)
Assembly & Mechanical Fab:
X-Ray Mini-Camea: LEA93-1668-34 Rev 0 Alan Conder, Jim Dunn, Steve Shiromizu,
Fiexible Cable Camera Head (6 pages) Bruce Young
To Camera Controfler /O
Schematic; X-Ray Mini-Camera: )
Bias Board Camera Head LEAG3-1669-41 Rev A Alan Conder, Jim Dunn, Bruce Young
Parts List: X-Ray Mini-Camera: 1 LEA93-1668-43 Rev A
Bias Board Camera Head - | {6 pages) Alan Conder
Assembly & Mechanical Feb: j :
X-Ray Min-Camera: 'LEA93-1669-44 Rev A Alan Conder, Jim Dunn, Steve Shiromizu,
Bias Board Camera Head (9 pages) Bruce Young
Schematic. X-Ray Mini-Camera: '
Tek-Array Board Camera Head LEA93-1669-51 Rev A Alan Conder, Jim Dunn, Bruce Young
Parts List: X-Ray Mini-Camera: LEA93-1669-53 Rev A
Tek-Aray Board Camera Head | {4 pages)

Alan Conder, Jim Dunn, Bruce Young
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.Assenwy&Med'lamcalFlb * | LEA93-1669-54 Rev A
X-RayMHn;Cdmm Tek-Aray Board (10pages) - Alan Conder, Jim Dunn, Steve Shiromizu,
1 Schematic:. X.RayMnm-C;en;t E Bmymg
EEV-Amay Board Camers LEAS3-1669-61 Rev A Alan Conder, oung
D o Boot Jaaarher [ LEAS3 1660.63 Rev A i B ton |
EEV-Armay Camera {4 pages) Conder
mmumyaummgmw LEAS 166064 RavA ian Corger, o Duni, Bce Young
X-Ray (10 pages) ' Alan Conder, Jim Dunn, Steve Shiromizu
ComeraHead o Bruce Young ' '
LEA93-16694)0_an0 ‘
X-Ray Mink-Camera Assembly (2 pages) . Alan Conder, Jim Dunn, Steve Stiromizy,
- Donut 1 MYGL ‘ -
X-Ray Mini-Camera LEAS3-1665-05 Rev B ' AImConderJlmDunn,SteveSNmm.
: cheYum -
Spacer Do . o
X-Raths-Caneﬂ LEA93-16_69-06R¢~,B AlanCondet Jim Dunn, Steve Shiromizu,
Spacar-oowla : . . P Yo
X-Ray Mini-Camera -} LEAS3-1669-07 Rev B Alan Conder, Jim Dunn, Steve Shiromizu,
_Bruce Young
Back Cover - -
X-Ray Mini-Camera LEAS3-1669-08 Rev B Alan Conder, JthmSthNtmizu
Bruce oung’
Thermal Plate '
X-Ray Mini-Camera LEASS-1668-09 Rev B NmCmder.ﬁmDumSmeSimm
e . " BmceYougg
X-Ray Mini-Camera LEAS3-1663-15Rev A Almconder J‘mDmn.Sthtimm
. . BmcaYomg
Glass Gaskel - ’
X-Ray Mini-Camera | LEAS3-1665-16 Rew A Alan Conder, JinDum.S!mS?ﬁmim,
. . . Bruce Young
Glass Holder C T
X-Ray Mini-Camera LEAS3-1668-17 Rev A Alan Conder, JImDum.Steveswmm
Retgining Pisie : - . P
XRay Mini-Camera | LEAS3-1668-18 Rawv A Alan Conder, Jim Dunn, Steve Shiramizu
: : Bruce Young '
X-Ray Min-Camera LEAS3-1663-19 Rev 0 Ajan Conder, Jim Dunn, Steve Shiromizu
: Bruce '
internaly Cooled . . Yoy
Thermal Plate - {EAS3-1668-25 ,AlmConder Jim Dunn, smShlmizu.
: - Bruce Young
Intemally-Cooled :
Thermal Piate Cover [ LEAs3-1669-26 Alsh Conder, JinDthmeSh!ruﬂm.
. . Bmcqug
Strain Refief, Top LEAS3-1669-27 Alan Conder, JmDum.SbveShirmim
Bruce Y
Strain Redief, Bottom LEAS3-1663-28 mwmmmm
K Bruce Y
Manilold | LEAS3-1669-29 Alan Conder, JmDum.SmShlmm
Bruce Young
Top Assembly - | LEAs3 165935  Alan Conde, Jim Dunn, Steve Shiromizy,
. SR Bruce Young '
Soiid Thermal Piate )
Sub Assembly. LEAS3-1669-36 . AlanCmdor JinDum Steve Shiromizu, -

Bﬂmm
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lmemallyCooledThennal Plate - Top L e )
Assembly , : - | LEAS3-1668-37 - Alan Conder, Jim Dunn, Steve Shiromizy, | .
Intemally CooledThennaIP\ate Sub- e . ' '
hssembly . » | LEAS3-1669-38 . A!an Cmdef Jim Dunn. Sleve Smromm,

N : 1BrceYoung
“Adapler- Pump Out . | LEAS386%8 . " { -Alan Conder, .rmDum Slevnsmnm: '
SoTid thermal Plate Sub- | LEAS3-1669-36-B Alan Conder
Assembly X-Ray Mini -
Camera

LEA93-1669-64-E-A
Bottom Assembly, LEA93-1669-44-E-
Bottom View

LEA93-1669-24-E-A

LEA93-1669-34-E-A




