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TEAM

Transmission Electron Aberration-corrected Microscope

Initiation Definition
CD-0 CD-1

Execution
CD-2 CD-3 CD-4a CD-4b

Project EndInitiation Definition Execution Project End

2000 6/04 9/05 11/06 9/08 9/0911/06
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TEAM Project Deliverable

High-Brightness
Electron GunKey Technical Specifications:

80 300 keV Monochromator
Condenser
Improved
C3 / C5 corrector

80-300 keV
0.5Å performance
0.1 eV δE
β ≥ 3x109 A/cm2/sr C3 / C5 co ecto

Objective lens
5 mm gap
Novel stage

β ≥ 3x109 A/cm2/sr

Enhance capabilities of DoE Nanocenters

CS / CC corrector

Projectors

Spectrometers
On time and on budget

Projectors

Detectors

In PEP
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TEAM Players
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TEAM is an Integration Project

Start with the best “platform”
Monochromated and double-Monochromated and double
corrected
Improved probe corrector
High-brightness gunHigh brightness gun
Improved image corrector
TEAM Stage
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Staged Approach

2006 2007 2008

CNMS ORNL Sep 06

2009

MF LBNL Dec 06

Longest lead item is the CC
corrector
Most of TEAM goals can be 

CINT May 07

achieved before CC corrector 
is ready

⇒ Staged approach

CNM ANL Fall 07

CFN BNL Apr 08
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Initial TEAM Capabilities→

Full TEAM Capabilities→



Staged Approach

TEAM 0.5
Delivery Dec. ‘07Delivery Dec. 07
Early start: Spring ’08
CD-4a: Sep. ’08
End lease once TEAM I isEnd lease once TEAM I is 
running

TEAM I
Delivery Mar. ’09y
CD-4b: Sep. ‘09
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TEAM 0.5 ≈ TEAM I – CC corrector



TEAM 0.5

Oct. ‘07
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Technical Goals of Project Achieved

Observed on TEAM 0.5

Aug. ‘07 Aug. ‘07 Oct. ‘07

0.7 Å 0.48A

0.5 Å

0.5Å TEM 0.5Å STEM

Au Au

0.1 eV δE
Young’s Fringes Fourier Components

β = 3-6x109 A/cm2/sr (tunable for different ΔE)
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β / / ( )

Final Factory Acceptance Test (“CWAT”) Oct. ‘07



TEAM 0.5 Installation in 72A
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LBL is on a hill
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TEAMset
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TEAM I Factory Acceptance – May 2008
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TEAM I Performance

Observed on TEAM I

0.49Ǻ

0.48
Ǻ

0.53Ǻ

0.5Å TEM 0.5Å STEM 0.1 eV δE
Young’s Fringes Fourier Components

β = 3-6x109 A/cm2/sr (tunable for different ΔE)
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β / / ( )

Final Factory Acceptance Test (“CWAT”) May. ‘08



CC Correction
P t t t Tit 0 (J ‘08)

First tests – 200 keV
Apr ‘08 – obtain 1Å 

Prototype corrector → Titan 0 (Jan ‘08)

p
information limit 
(symmetric)
Can increase energyCan increase energy 
width to 30 eV and still 
maintain 1Å resolution
4Å resolution with 860 
eV energy width
V l f C f t 2Value of CC factor 2 
better than specification
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TEAM I Buildup with CC Corrector
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Jun ‘08



Summary Timeline
P t l d i CD-4bCD-4aPre-conceptual design

Column Manufacturer Selection

CC Corrector design
CC Prototype

CD-0 CD-1 CD-2/3
Prototype Test

CC Optimization

C DCOR

STEM Optimization

RFI init disc 4/04
cd0 6/04
d1 9/05

CS DCOR

Stage Development

In-column test

Stage fab
cd1 9/05
cd2/3 11/06
4a/b 0/08/09

TEAM 0.5 Build

TEAM 0.5 Checkout
TEAM 0.5 Checkout at LBNL

TEAM 0 5 User Instrument

Manufacturer

TEAM
TEAM 0.5 User Instrument

TEAMI Build

TEAM 0.5 Checkout
TEAM I Checkout at CEOS

h k

User Facility
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TEAM I User Instrument
TEAM I Checkout at LBL



Summary

Project is mature, and nearing completion
K t h i l l tKey technical goals met
CD-4a (start of TEAM 0.5 as a user facility) this FY
TEAM I even better than TEAM 0 5TEAM I even better than TEAM 0.5

“Beyond resolution”
CC correction, longest lead item, worksCC co ect o , o gest ead te , o s
Final CC corrector being integrated into TEAM I now
TEAM stage – towards goal of tomography and in-situ
TEAM detector – towards goal of in-situ and sensitivity
TEAM software – towards all goals
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TEAM Remote



In the beginning …

Risk Analysis and ContingencyRisk Analysis and Contingency

Good old days: Best guess - project costs $X.  DOE 
sends $X.  Whoops!  Project really costs $X+ΔX, so 
DOE sends an extra $ΔX

Good old days: Best guess - project costs $X.  DOE 
sends $X.  Whoops!  Project really costs $X+ΔX, so 
DOE sends an extra $ΔXDOE sends an extra $ΔX
Modern times: Best guess - project costs $X.  DOE 
allocates $X and makes it very clear that it will not 
send 1¢ more.

DOE sends an extra $ΔX
Modern times: Best guess - project costs $X.  DOE 
allocates $X and makes it very clear that it will not 
send 1¢ more.¢
– By analyzing the (cost and schedule) risk of all of 

the items, determine that the most probable cost 
risk is $ΔX.

¢
– By analyzing the (cost and schedule) risk of all of 

the items, determine that the most probable cost 
risk is $ΔX.

– Keep $ΔX (or $ΔX+Δ2X) in a special reserve called 
“contingency” which has special rules on how it 
can be used
$X ΔX is now “available” to the project

– Keep $ΔX (or $ΔX+Δ2X) in a special reserve called 
“contingency” which has special rules on how it 
can be used
$X ΔX is now “available” to the project
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– $X-ΔX is now “available” to the project
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– $X-ΔX is now “available” to the project



Today
Technical objectives of project have been met

0.5 Å spatial resolution in TEM and STEM
(both in TEAM 0.5 with UT lens and TEAM I with ST lens)( )
TEAM I is a better microscope than TEAM 0.5 (sigh of relief!)

0.1 eV energy resolution
High brightness gunHigh brightness gun

Critical path was always the CC corrector
Now demonstrated: CC correction works!
(N t t d t t d th t it k t 0 5 Å)(Not yet demonstrated that it works to 0.5 Å)

→ we have “earned contingency” (it wasn’t as bad as it could have 
been) → genuine calls on contingency and “enhancements”

Stage (produce, various β modules)
Software (relevant for today’s discussion)
Detectors
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Development column (for stage, software, detectors) 
Additional CC corrector technique development



Two TEAM-inspired Additions

Stage Detectors

Unlike conventional 
stage
Needs own software 
interfaceinterface
“Connect” to 
microscope operating 

400 Megapixels/sec
In-situ triggered stop 
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system experiments



Software

Parameter adjustment 
and image acquisition: Adjust

Project

and image acquisition: 
primarily TEM server, 
some DM

Adjust
Microscope
Parameters

You’ll hear more about 
this

Move Stage

Get Image

Analysis

I D t
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Image
Processing

Data
Analysis Pilot



“Issues”

Remote operation “modalities”
Who? (How authenticated)( )
Support@Berkeley – what does this entail

Remote operation “nuts and bolts”
ESnet
Hardware (paddles)
S ft ( i lSoftware (simple
operation or apps?)

…
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