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The Naval Research Laboratory, Washington, D€ (NRL-DE) requires & corputer-controlled
Schottky fiekl-emission seanning electron misroscope type system for use by researchers to
image and measure nanometer size features. The instrument shall be capable of imaging a wide
variety of sttuctures and materials composed of both conductive and insulating substrates, It
shall provide automated control of primary beam parameters, stage motion, image sequisition
and archiving. The system will be installed at NRL-DC in » class. 100 cleanroom atid be used by
avaticty of scientists, engineers and techmicigns,
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SEM Scanning Eleetron Micros¢ope

1,0_Scanning Electron Microscope (SEM)
The Scanning Electron Microscope shall mest or exceed the following specifications:
1.1 Primary heam acceleration.

1.1.1 Akceleratiiig voltage range. 0.1 — 30 &V, minimurmn.
I.1.2 Beam voltage resalution: IODVsteps(max)behvoenO;lkVandsnkV.

12 Resolmtion.,

1.2.1 1.0 nth or smaller resoiution in both x and y direétions at 15 kV.

1.22 1.51m or smaller resolution in both x and y directions at 1 kV.

1.23 Resoliifion shall be demonstrated to meet or exesed these specifications-after installation
&t the NRL site using a vendor-supplied standard resphition sample (e.g. gold on carbon).



1.3 Magnification

1.3.1

1.3.2

25X - 1,0600,000X, minimurn. Thé magnification indicators shall autorhatically eortect
for changes ia operating voltage and/or working distance. Magnifications ghall be able to
be preset and recalled through the praphical user interface.

Length scale: An sutomated length scale indicator shall be provided and everlaid to the
usexr’s image at user’s option,

1.4 Beam corrent

14.1
1.4.2

Minimum rarige of probe current: } pA — 200 nA.
Software controlled adjustmenit of probe current.

1.5 General Source and Columm Requirements

1.5.1
152
1.5.3
1.54
1.5.5
1.556
L57

1.5.8

The systém shall have 4 Schottky type field emission gon for high stahility.

Automatic run-up of electron soree requirpd.

Electromagnetic, compiter-coritrolied beam alignment.

Electromagnstic, computer-controlled aperture alignment.

Automatic gun isalation valve with intertock to prevent source bum-out under conditions:
of high chamber pressure.

Fully automated aperture angle control lens to mainfain a minimum probe size versus.
probe curfen.

Display of beam valtage, emission current, filament current and column vacuum on the
graphical user interface.

Computer control of stigmation, working distance (focus), focus wabble, and
magnification required,

1.6 Reqnired Chamber Detectors

1.6.1

1.6.2

1.6.3

Solid state low-angle backstatter alectron detector.

Everhart-Thernley secondary electron detector (B-T SED) capable of imaging at
minismih of 1KV,

A below the-lens detector that shall be retractabile and allow operation at working
distanices a8 shott as 6rom.

1.7 Imsging

1.7.1
1.7.2

1.7.3
.74
1.7.5
1.7.6

1.7.7
1.78
L7.9

The systein shall have a digita] scan generator capable of at least 5000 x 3500 pixel
resolution.

The systern shall have Tull frame, full screen, sizeable and movenble redneed field, spot
mode, line scan, live dual display, and signal mixing capabilities.

The systern shall have & minimum of 15 user seléctable sean speeds.

The system shall have a live invage display resolution of at least $00x600 pixels.

The system shall be capable of frame averaging. A miniinum of I to 1000 frarnes:

Image storags in the TIFF (tagged image file format) format, BMP (bit map) format, and
JPEG (joirit photographic expérts group) format.

The image aeqmmuon shall be capable of 16 bit resolutions TIFF files.

Image processing shall contain such features s sharpén, smooth, and edge enhancement.
Shall eontain z searchable image storage databage with thumhnail view.



1.7.10 External control. The system shall allow external control of electson beam raster and

viden capture for third-party applications, including EDS.

1.7.11 Thé system shall have on sereen scalar measurement apd anhotation capabilities.

Including: peint to point, angular, cirele, and square at a minimum.

1.8 Specimen Chamber and Stage

1.8.1
1.8.2

1.83
1.8.4
185

1.8.6
187
1.8.8
1.8.9

The system shall kave a load lock capable of loading a 4 inch eilicon wafer.

The system shall be capable of moving at 2 minimum 50 mm in X, 50 tm in Y, 1 to 30
mm in Z, -5° to +707 tilt (T}, and 360 degree rotation (R). The stage shall be.computer
éucentric at i1l working distances and tilts.

The tilt axis shall be perpendicular to the. axis of a dedicated EBSD port.

X.Y. tilt, Z and rotation shall be PC controlled.

The-stage shall be capable of meeting all resolution specifications without using 4 stage
lock or clamp.

The stage shall in¢lude a vibration daxapener that does not restrict stage axis moverment.
An active vibration cancelation system shall be built into the system.

Automatic stage homing for sample exchange.

User selectat le safety limits in Z for tall samples.

1.8.10 Sample grounding alarm and stage halt for conditions contact of the sample and/or stage

with the eleciron column,

1.8.11 Storage and recall of stage points. _ |
1.8.12 The chamber shall have entry ports far: wavelength dispetsive x-ray detector, glectron

backscatter diffraction system, enetgy dispersive x-ray spectrometer system,
cathodoluniinsscence-detector at 4 minimum.

1.9 Vacmum Systemn

1.8.1
192

1.93

1.9.7
1_-:9—3

1.10

The main chamber yacuyum system shall hiave a turbo molecnlar pamp with ai oil free
backing punip to provide an oil-free specimen chamber.

There shall be a gun coluymn isolation valve that is interlocked with the-airlock and the
accelerating voltage control. _

The clectron gun chamber vacuumn shall be capable of operation at 107 Torror less. A
gauge for measurement of the vacuum in the specimen chamber shall be provided. Base
vacuum of the chamber shall be 2 x 10 Torr or less after overnight pump down,
The-gun chamber shiall be jon pumped.

The evacugtion snd up-to-air procedures shall be.automatic and equipped with fail-safe
interlocks to prevent catastrophi¢ failure and venting of lie electron gun eolumn.

The microscope desigh shall include an airlogk for the introduction of spesimens to the
chamber. The dimensions of the introduction port and the airlock shall be large enongh
to accommodate at 1éast 4 inch diameter silicon wafer samples. Introduction of samples
from the airlock into the chamber-should be guided to ensure proper positioning.

The load lock pumping system shall use an il fres pump or turbo moletular pumip.

The vacuum system shall have a Penning gauge with a read out on the graphical user
interface.

Compater System.



1.10.1 Operatinig systein: Windows XP or Windows 7.

1.10.2 Processor: al least 2.5 GHz.

1.10.3 4 Gbyte RAM, minimum

1.10.4 Network capability: Shall have 10/100/1000 Base T network card.

1.10.5 Hand drive, 250 Gbyte, minithum .

1.10.6 Minimum ohe 19" or larger flat patiel display. -(All displays shall be flat panel type.)

1.10.7 Mouse and keyboard. ‘

1.10.8 The computer shall allow for multiple user accounts

1.10.9 The SEM confrol seftware shel] allow for multiple user aceounts and customized recipe
recall.

1.11 Health/Safety Reyjuiremeénts

1.11.1 The system saall include radiation leak shielding eonsistent with U.S. Navy Radiological
Affairs Support Program Manual (RAD-010), Item 9.5.1-13. Elecirical systenis shall
comply with 29CFR Part 1910, Subpan S, Occupational Safety-and Health Standards for
Genexal Industry. Safety interfocks shall be provided to prevent sysiem damage or
personal injury.

1.12. Training.

1.12.1 The vendor shall iriclade on-site (NRL-DIC) uperator trainitig for at least 5 NRL
employess. .Operator training shall includé SEM operation and routine maintenance
procedures following installation of the instrument, Training shall be done within four
weeks of completion testing and accaptance of the instrument.

1.13 Documentation:

1.13.1 The SEM System should be shipped with one (1) complete set of operation and
maintenatice manuals printed on CD-ROM :and one copy printed on clean-réom paper.

Decumetitation should contain:
a) Full operalionel instructions smtahlc for use in teaching new users,
B) Gas, water, afr, ard vacuwm schematics.
¢} Electrical wiring schematics,
d) Complete mechanical schematics suitable to guide futire modifications and repairs.
€) Troubleshooting manual for commen servicing and repairs of electrical, mechanical,
and computer saftware problems.

1.14 Warranty

1.14.1 The vendor shall have a warranty that lasts for 12 months on parts and labor and 36
months on the émitter which commences after the system is installed at NRL and tested
by 2n engineer.

1.14.2 "The electron source must include full replacement while under warranty and service
contract,
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18. REMARKS COR/TM 1

In accordance with Paragraph 1.13 of Attachment 1, the Contractor shall deliver
one (1} set of eperation and maintenance manuals both ot CD-ROM and printed on
¢lean-room paper. The required documentation shall be delivered with the SEM
System. As a minimum, the documentation shall contain:

a. Fall eperational instruetions suitable for use in teaching new users;

b. Gas, water, air, and vacuum schematics;

c. Electrical wiring schematics;

d. Compiete mechanical schematics suitable to guide future modifications and
repairs; and _

¢. Troubleshooting manual for common servicing and repair of electrical,
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The Contractor shall provide the software necessary to provide a fully fimctional, |
fully operational SEM system in aceordarice with Attachiment 1 to the RFP. The
SEM control software shall allow for multiple user accounts and customized
Lreci_pte recall, in accordance with Attachment 1, paragraph 1.10.
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