ANNUAL REPORT

STANFORD NANOCHARACTERIZATION LABORATORY

SEPTEMBER 1, 2006 TO AUGUST 31, 2007

INTRODUCTION (Director Robert Sinclair)

This report is the first since the inception of the Stanford Nanocharacterization Laboratory (SNL) in 2002.  Its purpose is to give our users some up-dated news about the various laboratories and to publish the usage figures on which the hourly rates are calculated.

Our goal is to provide the best possible suite of equipment at the lowest possible fees.  Each laboratory is a “service center” and according to University policy, must “break even” to within ±15%.  The main costs for each center are the personnel, maintenance contracts and supplies, which are recovered from user fees.  At present, they cannot be subsidized by other sources.  Accordingly, our rates are higher than at our peer institutions, but we continually strive to bring the rates down.  Increased usage goes a long way to achieving this.

In short, the usage of SNL has increased each year, both in terms of numbers of users and instrument hours.  The success of SNL in my opinion depends in large part on the dedication and helpfulness of the SNL staff, and the positive way they and the users interact.  Maintaining excellent facilities is now our major challenge, and a NSF-MRI proposal for an aberration-corrected TEM submitted in January 2008 is our major contribution to this effort this year.  The community’s continued support is very much appreciated.

SPM LAB (Max Gage)

Over the course of the past year, the SPM lab logged about 1100 hours, representing the work of over 100 active lab members from multiple departments around campus.  We would like to thank Mark Oliver and Max Gage for their dedication in training new users and maintaining the microscope and laboratory.  We are also very pleased to announce that the lab has acquired a new “Cross-talk Elimination” (XE) series AFM machine from Park Systems.  This new system features motorized on-axis optics and an advanced scan system that enables true non-contact imaging.  We believe this highly functional and versatile instrument will be an outstanding addition to the SPM lab.

XPS LAB (Chuck Hitzman)

For the past years, the Surface Analysis section of SNL has consisted of one XPS instrument, a Surface Science Instruments XPS manufactured in the mid 1980’s.  Despite the age and outdated capabilities of this instrument, student use of the technique continued to remain high due to the need for surface analysis even with limited capabilities.  This year the lab had finally obtained funding to update and improve the Surface Analysis capabilities of the lab.  A new PHI Scanning Auger and a new PHI Scanning XPS were purchased.  The Scanning Auger instrument provides elemental composition and mapping with special resolution down to 7nm.  This provides an excellent compliment to the capabilities of the XPS and the SEM/EDS in the SNL group.  The new Scanning XPS provides a factor of 3x to 5x improved sensitivity and a factor of 10x improved special resolution over the old XPS instrument.  The two new PHI instruments bring the Auger and XPS capabilities of the lab up to state-of-the-art status.

Day-to-day overseeing of the lab was mainly the responsibility of Gertjan Koster, a visiting research scientist.  Early in 2007 Gertjan accepted an associate professor position back in his homeland of Holland.  To fill this loss, SNL opened a new position, Director of the Surface Analysis section of the lab.  In June, Chuck Hitzman was hired as a full time staff member to fill this position.  Chuck came from Charles Evans and Associates with 25 years experience in the field of commercial analytical services.

SEM LAB (Bob Jones)

No major changes to the instrument have been made in the past year.

Training: Usually 5 training sessions are offered each week. Students are required to take 3 training sessions. The first 2 can be with another student. The third session is alone and considered a "final exam". Two of our longtime trainers, Sid Carter and Uwe Martens, have graduated. Erhan Yenilmez worked briefly as a trainer; Mike Chen started training for us in August.

Additionally, students must have the "start-up" of their next 3 solo sessions supervised.

Instrument safety is a major concern.

There are approximately 50 major users and 50 "casual" users going through the "pipeline" in any given quarter.

Instrument utilization is very high. During a typical week, the instrument runs 24 hours a day, Monday through Saturday. The only "slack" time is usually from 1AM Monday until 6AM Monday.

About 5% of users operate the EDAX X-Ray detector and only 2 or 3 students use the electron back scatter detector (EBSD) for "orientation image mapping".

X-ray Diffraction Laboratory (Arturas Vailionis)
X-ray diffraction laboratory specializes in structural characterization of solid state materials. The Laboratory consists of three x-ray analytical instruments: two multipurpose PANalytical X'Pert PRO Material Research Diffractometers and one Multiwire MWL100 Real-Time Back-Reflection Laue Camera System. All of the state of the art instrumentation allows users to study materials in powder, single crystal and thin film forms. The following services are available in the X-ray Lab: data collection, qualitative and quantitative phase analysis, orientation of single crystals, and thin film analysis consisting of thickness, orientation, texture, strain, relaxation, and composition determination. By employing variety of incident beam and diffracted beam optic components, the Material Research Diffractometers can be used in medium- and high-resolution modes permitting fast, accurate and customized analysis of such samples as loose powders, ceramics, polymers, metals, semiconductors, etc. The Lab also owns a comprehensive list of analytical software to help users in analyzing and presenting their scientific data. X-ray Lab provides training to qualified users on the use of the instruments. The training sessions are one-on-one and individually tuned to specific analytical requirements of each user’s sample. The general understanding about x-ray diffraction and advanced structural characterization techniques can be obtained through the Materials Science and Engineering Course MATSCI 162/172 “X-Ray Diffraction Laboratory”.

The most significant addition to the X-ray Lab during Fiscal Year 2006/2007 was a second X’Pert Materials Research Diffractometer which became fully functional at the beginning of 2007. Both diffractometers are now equipped with Anton-Paar Hot Stages allowing to perform experiments in temperatures from room up to 900o C. By using these heating attachments samples can be investigated in vacuum or inert gas to avoid oxidation or other chemical reactions of the samples at high temperatures. The second X’Pert diffractometer was recently upgraded with a solid state one-dimensional detector. Now powder diffraction scans can be performed up to ten times faster than scans with regular point detector which results in considerable savings of measurement time and/or increase in signal-to-noise ratio of x-ray diffraction data. The considerable enhancement to the X-ray Lab’s diffractometers was the acquisition of a second mirror optics. Today the thin film measurements using parallel beam optics with mirror can be performed on both diffractometers simultaneously by separate users without waiting.

Through close relationship between GLAM at Stanford University and XLAM at Stanford Linear Accelerator Center, X-ray Lab is now offering quicker access to x-ray diffraction beam lines at the Stanford Synchrotron Radiation Laboratory. The high brightness and energy tunability of the x-ray beam at SSRL offer further capabilities for the structural analysis of new materials that may not be available at the X-ray Lab.
The detailed description of X-ray Lab’s hardware and software as well as short explanation of basic measurement techniques can be obtained from the webpage: http://www.stanford.edu/group/glam/xlab/Main.htm. 
FIB LAB (Richard Chin)

It was another busy year for the FIB lab.  Our user base has expanded to over 140 members, logging nearly 3800 hours of use over the course of the year.  The microscope underwent an internal change this year with a new operating system installed to allow it to eventually connect up to SNL’s proposed Remote Access program.  We would like to thank He Li and Joon Seok Park for their dedication in helping us train new users and maintain the instrument, and Bill Schlotter for his efforts in organizing the Stanford FIB Users Group.  We wish them well as they finish up here at Stanford and continued success in their future endeavors.  We would also like to thank Kevin Crabb for his continuing work for us, and would like to welcome Anika Kinkhabwala and Yin Yuen to our training staff.  Some of you may have noticed another new face working on our FIB.  FEI has brought in some new service engineers, and our microscope is now under the care of Gary Scarborough.

TEM LAB (Ann Marshall)

[image: image2.wmf]Despite significant downtime in February and August due to its age, the TEM logged about 1600 hrs of use in FY2007.  In addition we logged about 70 hrs for MSE 322, the TEM lab class, and carried out demonstrations and laboratory experiments for three other classes, as well as numerous tours for visitors and events. We currently have 105 users on our mailing list, representing 44 faculty from 11 departments and receive training requests at the rate of 1/week (about 50/year), reflecting the wide demand for TEM analysis on campus.  We have also trained many students in the standard TEM sample preparation methods and FIB-TEM sample preparation. Our great appreciation to Ai Leen Koh, who has been invaluable and indefatigable in helping with both training and maintenance. 

EQUIPMENT LIST

The following equipment is available at the Stanford Nanocharacterization Laboratory:

	Instrument
	Function
	Installation date

	HR-SEM:
FEI Sirion XL30
	Imaging down to the nanometer scale with qualitative chemical mapping
	2003

	FIB/SEM:
FEI Strata DB235 Dual-Beam FIB/SEM
	Nanoscale machining (etching and deposition) and imaging with qualitative chemical mapping
	2003

	TEM:
Philips CM20FEG TEM with EDS
	Imaging down to the atomic scale with nanoscale X-ray analysis
	1993

	TEM Sample Preparation Laboratory
	Fully equipped laboratory for standard sample preparation techniques including T-tool polishing, PIPS ion milling
	

	Scanning Auger Spectrometer
	Determining elemental composition of the outer surfaces at very high magnification
	2007

	XPS:
PHI Versaprobe XPS Microprobe
	Determining elemental and chemical information about the surface region of nearly any solid material
	2007

	XPS:
SSI S-Probe Monochromaztized XPS Spectrometer
	Determining elemental and chemical information about the surface region of nearly any solid material
	1986

	SPM:
Park Systems XE-100 SPM
	High-resolution metrology and imaging for surface characterization of properties from topography to electrical/magnetic fields
	2007

	SPM:
Digital Instruments Multimode SPM
	High resolution metrology and imaging for surface characterization of properties from topography to electrical/magnetic fields
	1995

	XRD:
PANalytical X’Pert PRO 1 & 2
	Determining structure, phases of nearly any solid material
	2002, 2005

	Microprobe:
JEOL JXA-733A Superprobe
	Determining elemental composition, including trace elements, of small solid samples
	1983


FINANCIAL REPORT
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Lab

Salaries

Maintenance 

& Supplies

Travel

Total 

Expenses

Total 

Income

Hours used 

(AY 2007)

Hourly fee 

(AY 2008)

TEM

$73,830 

$84,959 

$3,034 

$161,823 

$152,783 

1,578

$98

SEM

$116,562 

$67,753 

$0 

$184,315 

$187,575 

4,192

$36

FIB

$91,690 

$155,425 

$11,778 

$258,893 

$272,285 

3,797

$65

Surface

$91,632 

$35,818 

$750 

$128,200 

$127,101 

2,623

$55

XRD

$6,698 

$65,085 

$5,472 

$77,255 

$82,041 

2,619

$30

SPM

$20,481 

$5,949 

$1,103 

$27,533 

$29,560 

1,089

$25

Total 

$400,893 

$414,989 

$22,137 

$838,019 

$851,345 

15,897
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Historical SNL Equipment Use and Hourly Rates


Laboratory�
AY 20031


hours


(rate)�
AY 2004�
AY 20052�
AY 2006�
AY 20073�
AY 20084 (projected)�
�
HRSEM�
2,320


($45)�
2,728


($45)�
2,514


($50)�
3,085


($50)�
4,192


($40/$30)�
4,600


($36)�
�
FIB�
1,8485


($80)�
1,681


($70)�
2,269


($80)�
2,788


($75)�
3,797


($70/$60)�
3,500


($65)�
�
TEM�
1,130


($121)�
1,241


($106)�
1,599


($106)�
1,906


($95)�
1,578


($85/$80)�
1,7006


($98)�
�
XRD�
1,732


($72)�
2,173


($30)�
2,125


($30)�
2,908


($25)�
2,619


($25/$25)�
3,300


($30)�
�
SPM�
897


($25)�
782


($36)�
956


($36)�
1,308


($25)�
1,089


($25/$25)�
1,000


($25)�
�
Surface�
956


($58)�
1,249


($58)�
1,768


($49)�
2,559


($39)�
2,623


($39/$45)�
3,7007


($55)�
�
1 Data for “2003” are for the academic year September 2002 – August 2003.


2 Laboratory renovation period.


3 Rates were changed in March 2007 for AY 2007, and are reported as (before March/after March).


4 Projected data are obtained by pro rating from the first three months of the fiscal year.


5 FIB was installed 2002; data is for 9 months from December 2002 – August 2003.


6 The current TEM is incurring increasing down-time while demand is increasing.


7 Increased rate is due to addition of equipment and associated full-time staff.
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		Name of Lab		Salaries		Maintenance & Supplies		Travel		Total Expenses		Total Income		Hours used (AY 2007)		Hourly fee (AY 2008)

		TEM		$73,830		$84,959		$3,034		$161,823		$152,783		1,578		$98

		SEM		$116,562		$67,753		$0		$184,315		$187,575		4,192		$36

		FIB		$91,690		$155,425		$11,778		$258,893		$272,285		3,797		$65

		Surface		$91,632		$35,818		$750		$128,200		$127,101		2,623		$55

		XRD		$6,698		$65,085		$5,472		$77,255		$82,041		2,619		$30

		SPM		$20,481		$5,949		$1,103		$27,533		$29,560		1,089		$25

		Total		$400,893		$414,989		$22,137		$838,019		$851,345		15,897
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