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DELIVERY OF LIGHT INTO A VACUUM CHAMBER USING AN OPTICAL FIBER
CROSS-REFERENCE TO RELATED APPLICATIONS

{0601 This application claims priority to the provisional patent apphication filed February
13, 2019 and assigned U.S. App. No. 62/806,208, the disclosure of which is hereby incorporated by

e

reference.

FIELD OF THE DISCLOSURE

00021 This disclosure relates to optical fiber delivery svstems,
BACKGROUND OF THE DISCLOSURE

{0003} Evolution of the seniconductor manufacturing industry is placing greater demands
on-vield management and, in particular, on metrology and inspection systems. . Critical dimensions.
continue to shrink, vet the industry needs to decrease time for achieving lgh-vield, bigh-value
production. Minimizing the total time from detecting a yield problem to fixing it determines the

return-on-investment for a semiconducior manufacturer,

[D004] Fabricating semiconductor devices, such as logic and memory devices, typically
inchudes processing a semiconductor wafer using a large nuntber of fabrication processes to form
arions features and multiple levels of the semmiconductor devices. For example, lithography is a
semiconductor fabrication process that involves transferring a pattern from a reticle to a photoresist
arranged on & semiconductor wafer. Additional examples of semiconductor fabrication processes
inclade, but are not limited to, chemical-mechanical polishing {CMP), etch, deposition, and ton
implantation. Multiple senuconductor devices may be fabricated in an arrangement on a single

semiconductor wafer that are separated into individual semiconductor devices,

[00s] Ingpection processes are used at various steps duwring semiconductor manefacturing to
detect defects on wafers fo promote higher vield in the manufacturing process and, thus, higher
profits. Inspection has always been an important part of fabricating semiconductor devices such as
integrated circuits. However, as the dimensions of semiconductor devices decrease, inspection
becomes even more important to the successful manufacture of acceptable semiconductor devices
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becanse smaller defects can canse the devices to fail, For instance, as the dimensions of
semiconducter devices decrease, detection of defects of decreasing size has becowe necessary

because even relatively small defects may cavse snwanted aberrations in the semiconductor devices.

j0006] As design roles shrink, however, semiconductor manufacturing processes may be
operating closer to the limitation on the performance capability of the processes. In addition,
smaller defects can have an impact on the electrical parameters of the device as the design rules
shrink, which drives more sensiive inspections. As design rules shaink, the population of
potentially vield-relevant defects detected by inspection grows dramatically, and the population of
nuisance defects detected by inspection also increases dramatically. Therefore, more defects may be
detected on the wafers, and correcting the processes to eliminate all of the defects may be difficult
and expensive. Determining which of the defects actually have an effect on the electrical
parameters of the devices and the vield may allow process control methods to be focused on those
defects while largely ignoring others. Farthermore, at smaller design rules, process-induced
failures, in some cases, tend to be systematic. That is, process-indoced fatlures tend to fail at
predetermined design patterns often repeated many times within the design. Elbmination of

spatiallv-systematic, electrically-relevant defects can have an impact on vield,

{0607] Laser enhanced voltage contrast (LEVCY bas been wsed with scanning electron
niicroscopes (SEMs). For example, two different voltage contrast effects can be changed tavorably
under illumination. This enables detection of defects that would otherwise not be detectable at the

high speeds that SEM inspection vequires.

[o608) Previously, an optical window provided the janction between air and vacown.
Different free space laser begns with fixed wavelength were applicd individually one afier another.
Switching the wavelength required changing the lasers with subsequent optical realignment. No
polarization variation was possible. Since the wavelengths being used were not combined,
switching between the wavelengths was tme-consuming. Due 1o use of the optical window, a

straight direction from the light source to the region of interest was needed.

{6009 Feedthronghs for optical fibers conuected with a vacuum chamber also bave begn

problematic. Previously, several O-rings were used to forin a seal. This exerted radial force on the
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optical fiber to create a vacuum barrier. However, compressive force (e.g., axial or radial) exerted
on the optical fiber resulted in transmussion loss. This transmission oss is especially noticeable in

the visible red wavelength.

jo016] A polymer aronnd the optical fiber was used instead of O-rings, but this did not
provide sufficient hermetic sealing. The polymer had a leak rate higher than is needed for many

manufacturing applications, including semiconductor inspection.
a1} Therefore, improved systems are needed.
BRIEF SUMMARY OF THE DISCLOSURE

[oa12] An apparatus is provided in a first embodiment. The apparatus includes a vacuum
chamber; a stage disposed w the vacuum chamber that s configured o secure & wafer; g laser Haly
source disposed outside the vacuum chamber; an optical {iber that transmits all wavelengths of Hght
produced by the laser ight source into the vacuum chamber through a wall of the vacuum chamber;

and an achromatization and polarization anii.

{0613} The apparatus can inclode an electron beany sowrce that divects an electron beam at

the stage.

[o014] The optical fiber can transmiut light at 8 wavelength from 200 nm to 2000 am.
{61 5] The laser light source can include a plurality of lasers and a plurality of dichroic
TORRTOTS,

[0016] The laser hight sowrce can farther include a plurality of lasers, a polarization-

dependent beam splitters, and a plurality of half-wave plates.
{0617} The optical fiber may be a sndti-mode fiber or a single-mode fiber,

[0018] The apparatos can Ruthey mclade a wave plate disposed in the vacuum chanber that

receives the light from the optical fiber. The wave plate can be a half-wave or a quarter-wave plate.
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{0619] The achromatization and polarization unit can include a turning mirror disposed in
the vacuum chamber and at least one achromatized lens disposed in the vacuwm chamber. The
furning mitrdr receives the tight fron the optical fiber and is configured to direct the hight from the
optical fiber at the stage. The achromatized lens is configured to collimate the light received from

the optical fiber andfor image the light onto the wafer,

[0620] The achromatization and polarization pnit an inclades a curved mirror, which may be

spherical or parabelic.

{0621} The light from the laser hight sowee may be at more than one wavelength
{0622} The apparatus can further include a fange around the optical fiber. The flange can

be disposed in the wall of the vacuum chamber. In an instance, the flange can include an outer
component disposed around the optical fiber and a polyvmer layer disposed between the optical fiber
and the oater component. The polymer layer can be radially compressed to form a hermetic seal.

The hermetic seal between the wall and the tube can further include using 2 metal-to-metal seal.

j0023] In dnother instance, the Hange 15 an olastomir seal. The elastomer seal can be

radially compressed o form 2 hermetio seal,

[6024] A method s provided in a second embodiment. The method comprises directing
light from a laser Hght source to a vacuum chamber through an optical fiber. The optical fiher
transmits all wavelengths of light produced by the laser Hght source into the vacuum chamber
through a wall of the vacuum chamber. The light is directed to an achromatization and polarization
unit in the vactwun chamber. The lght is divected to a wafer secured on a stage disposed inthe

vacuy chamber.

{0025 The method can further include directing an electron beam in the vacgam chamber at

the wafer,

j0026] The light can have a wavelength from 200 nay to 2000 am.
{0027} The achromatization and polarization unit can include a turping mivror or a curved
MHITOE,
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DESCRIPTION OF THE DRAWINGS

[0028] For a fuller nnderstanding of the nature and objects of the disclosure, reference
should be made to the following detatled description taken in conjunction with the accompanying

drawings, in which:

FIG. 1 is an embodiment of & system 1n accordance with the prosent disclosure;

FIG. 2 is an embodiment of wafer illumination using the system of FIG. {;

FIG. 3 is an embodiment of a laser light sowrce for the system of FIG. 1

FIG. 4 15 a cross-sectional, exploded view of an embodiment of a seal inside a flange that can be
used with the system of FIG. I}

FIG. 5 is a cross-sectional, exploded view of another embodiment of a seal inside a flange that can
be used with the system of FIG. 1; and

FIG. 6 15 a flowchant of an embodiment of & method in accordance with the present disclosure.
DETAILED DESCRIPTION OF THE DISCLOSURE

{6029} Although claimed subject matter will be described in terms of conain emboediments,
other embodiments, including embodinents that do not provide all of the benefits and features set
forth herein, are also within the scope of this disclosure. Various structural, logical, process step,
and electronic changes ray be made without departing from the scope of the disclosure,

Agcordingly, the scope of the disclosure is defined only by reference to the appended claims.

0836} Voliage contrast effects in an electron beam image can be changed on certain featores
of a water {e.g., inteprated circuits) by exposing the electron beany image region to Heht while
imaging. The eleciron beam can be, for example. past of a scanning electron microscope (SEM). Tn
an instance, open wngsten contacts can be detected while under laser iHumination for o+ contacis
a p-doped region. This laser enhanced voltage contrast {LEVC) can be generated in an electron

rlel
7

beam tool at an angle of incidence of, for example, 57°. While 577 is used in one example, normal
or other oblique sngles can be wsed. Using wavelength from bloe to the red visible spectrum can

lead to different penetration depths into the water where the effect is generated.
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{0631] The embodiments disclosed herein include an optical fiber to guide nuultiple
wavelengths in the visible spectrum from blue (400 nm) to red (685 nm). The optical fiber can
puide othet wavelengths, such as swgvelength in g range from ulaviolet (2., 10 nm or 200 nm) or
infrared (e.g., 700 nm) up to 2000 nm wavelengths. The light source or sources can be positioned
outside of the vacuum column, The optical fiber transports the light to the inside of the vacuum
column. Achromatized optics can be used to illaminate the desired region of interest of the wafer
homogenepus over the broad wavelength range. Additionally, the polarization orientation of the

laser light can be adapted to enhance the LEVC effect.

0032} The embodiments of the malti-wavelength system disclosed herein can be used for
LEVC application on an electron beam inspection or electron beam review tool, such as those used
in the semiconductor industry or in other industries. The system can use fiber optics and a laser
combiner moduale. The system can use free space lasers and dichroic filters. The delivery optics can

provide approximately the same spot size, regardless of wavelength,

[B033] The delivery optics also can provide polarization control of the mcident light and
modulation capabilities that allow the llamination to be turmed on and off on a frame-by-frame
basis, on a line-by-line basis, or a pixel-by-pixel basis. Turning the laser on and off to provide this
featare can be linked to the electron beam such that the hight and the electron beam work ina
coordinated manner. The contrast andfor wavelength can be adjusted at different pomts on the

wafer,

{0034} FIG. 1 is an embodiment of a system 100, The system 100 uses mublii-wavelenpth
fiber delivery for LEVC, which uses a single optical fiber 106 to transmit ght in the broad visible
spectru rangs and at of multiple wavelengths, The system 100 can be scalable. The musber of
wavelengths through the optical fiber 106 can be increased through, fr example, g combination of
lasers 110 and dichroic mirrors 111, Laser output power can be controlled electronically using laser
current. An attenpator may not be necessary. Thus, no active components may be needed in system
100, which reduces maintenance. Each wavelength of the laser can be electronically activated

becanse the wavelengths can be combined into the single optical fiber 106,
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{06835] Using a fexible optical fiber 106 o deliver the laser tight Inside the vacuum chamber
101 can provide additional options when locating components inside the system 100, For example,
the optical fiber 106 can'be placed next fo the acceleration coils, which are proximate 'the wafer 104

i
E

This is not possible withowt a fiber-guided solution. An illamination angle of approximately 57% or

other angles can be achieved, which can enhance the penetration mto the wafer,

[0636] The svstem includes a vacuum chamber 101 which is sierounded by a wall 102, A
stage 1034n the vawem chamber 101 is configured o secure g wafer 104, Thus, the stage 103 and
wafer 104 can be in region at a vacuum pressure. The vacuwm pressure may be less than 107 Torr

B

or less than 10 Torr.

[0037] A laser Hght source 105 15 disposed outside the vaouum chamber 101, Thus, the laser
light source 105 can be disposed tn aregion at, for example; stmospheric pressure or near
atmospheric pressure. Light from the laser light source 105 can be at more than one wavelength,

The laser light sovrce 105 can include one more laser 110 and one or more dichroic mirrors 111

{0038] An optical fiber 106 can transmit all wavelengths of Hght produced by the laser light
source 108 into the vacuum chamber 101, Thus, the optical fiber 106 transmits lght from
atmosphere to vacuun, which may be over a length of one or more meters. In an instance, the
optical fiber 106 is an optical glass fiber. The optical fiber 106 can be a multi-mode fiberora

single-mode fiber,

[0039] The optical fiber 106 can be continucus from the laser light scurce 103 to an ontpat
coupler 112 inside the vacuum chamber 101 through the wall 102 of the vactuun chamber 101, The
output coupler 112 is a bare fiber end that is sealed imto a flange, which mechanically connects the
fiber end o other mechanical parts. Thus, no coupling losses apply during the air-vacoum transit,

The optical fiber 106 is sealed mside a flange 113

{0640} The system 100 also can include coupling, imaging, and/or illuminating optics to

dluminate the wafer 104 with light which exits the optical fiber 108,

[0041] In an instance, a polarization-maintained single mode optical fiber 106 s used. The
polarization of Hight emitting the optical fiber 106 is delined and can be reoriented by a wave plate

kel
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e, halfowave or quarter-wave) to enhance the LEVC effect. Also, the influence of polarization on
the LEVC effect of, for example, different tungsten plugs on the wafer can be measwed. The linear
polarization can also be rotated by rotating the fiber connector at the cutput of the optical fiber 106

because the optical fiber 106 cove shape defines the polarization orientation.

[ou42] The optical fiber 106 can fransmit Bght 2t a wavelength from, for example, 00 oy to
680 wm or 400 nm o 700 nm. Other wavelengths are possible and this range is merely one example.

The wavelengths can be below 400 mun or up to 2000 nm.

{0043] The system 100 also includes an gchromatization and polarization unit 107, The
achromatization and polarization unit 107 can be positioned 0 the vacuum chamber 101 and is in
the path of light from the optical fiber 106, The achromatization and polarization unit 107 can

collimate lght received from the optical fiber andior image the light onto the wafer 104,

[otd4] The sysiem 100 includes an electron beam source 108 that directs an electron beam
109 at the stage 103, The electron beam source 109 is iHusteated in the vacunm chamber 101, but
also can be positioned outside the vacuwm chamber 101, The eleciron beam 109 s transported

through the vacuum chamber 101, such as toward a wafer 104

[0045] I an embodiment of FIG. 1, laser Hght sowrces 105 with three ditferant wavelenpths
A, As, and A5 are combined by dichroic mirrors 111 and highly reflecting mirror 114 before the three
different wavelengths are coupled into an optical fiber 106, The optical fiber 106 is continnous and
sealed into a flange 113 at the vacuwm-air transit. At the output of the fiber 106, achromatized
lenses are to collimate light from the optical fiber 106, Polarization control in the polarization vnit
107 in the vacuum chamber 101 can be performed with g half-wave plate or quarter-wave plate.

The broadband taser beam is divected onto the wafer 104 by a turning mirror 115, The turning
mirror 115 can receive the light from the optical fiber 106 and is configured to direct the light from

the optical fiber 106 to the stage 103 or the wafer 104 on the stage 103,

{po46] The broadband laser hight output insuide the vacuom chamber 101 can be
achromatized by achromats or a curved mirror. A lens system can be used instead of the curved

AHITOL.
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{0647} The system 100 can use a working distance of approximately 50 mm from the optics
1o the surface of the wafer 104, though other distances are possible. This can improve spot stability
gt the surfade of the water 104, This reduction m working distance can case the angular wlerance

of the optical beam pointing stability and mirror angle stability by, for example, a factor of six.

[0048] FIG. 2 is an embodiment of wafer illammation using the system 100 of FIG. 1. The
water 104 is ihuninated using a twening mirror 115, The turning mrror 115 can be, for sxample, a
spherical or parabolic mirror hike that ilusteated in FIG, 2. The polarization can be adjusted by
rotating the connector of the optical fiber 106 with respect 1o the output coupler 112, To illummate
the wafer 104 with a desired spot stze, magnification of the fiber core onto the wafer 104 cant be

adjusted.

[0049] A “dirty focus-concept” can be used to Huminate the wafer 104, The optical fiber
106 1s imaged slightly before the wafer 104, Thas, the light slightly diverges to reach the wafer 104
as shown in FIG. 1 and FIG. 2. This can result in an increased spot at the wafer 104 compared to the
diffraction-limited spot size at the focal region. This increased spot size can suit to the desired fleld
of view for the electron beam 109, An adaption of the spot size is also possible by adjusting the

position between optical fiber 106 ocutput and a focusing lens or focusing mirror.

a5y FIG. 3 18 an embodinent of a laser Hght source 105 for the system 100 of FIG. 1
{.ager power guided through the optical fiber 106 cao be mworeased by combining two polarization
states info a single optical fiber 106. Laser beams are combined for higher power by adding
different polarization states using polarization-dependent beam splitters. FIG. 3 shows the lens L,
the polarization dependent beam splitter PBS, half-wave plate &2, and separate lasers and their

corresponding polarization states s-, p-, of x-polanization, which Is 45° between s- gnd p-.

[p651] The embodiment of FIG. 3 can provide fast and simple electronic switching between
the laser wavelengths because all are coupled into one single optical {iber 106, Thus, the throughput
of the systein is increased becanse the area can be investigated with multiple wavelengths to
optimize LEVC contrast for different defect types. This is realized by tuning the intensities of light

at different wavelengths since their relative penetration depths vary by a factor of ten.
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[pas2] FIG. 4 15 a cross-sectional, exploded view of an embodiment of a seal inside a flange
113 that can be used with the system 100 of FIG. 1. FIG. § is a cross-sectional, exploded view of
another embodiment of g seal inside o Sange 113 that can be used with the systern 100 of FIG. 1,
As seen in FIG. 1, there can be a seal avound the optical fiber 106 in the flange 113, The seal and

flange 113 can he disposed in a wall of the vacuum chamber {01,

[0633] In FIG. 4, the optical fiber 106 passes through the flange 200, The flange 200 is an
example of the flange 13 i FIG. 1. The flange 200 includes a strainvelief vmit 201 and g spacer
202, The spacer 202 is configured to fit inside the stramn rebief wnit 201, The spacer 202 may be

made of aluminn or other matesials.

jous4] The spacer 202 also can be configured to fit inside the seal fitting 203, which can be
a Swagelok or other type of seal fiiting. The seal Stting 203 can be adapier welded. The seal 204
can be inserted into an end of the seal firting 203 opposite from the spacer 202. A cover 205 and
sleave 206 also can be inchided. The sleeve 206 can be stainless steel. A stainless steel tubing 207

can surround the optical fiber 106, The seal fitting 203 may be disposed in the wall 102,

[0055] The seal 204 includes an outer component 208, wlich defines a fill port 211, The fill
port 211 can be opened and closed, such as using a nipple. A seal fitting seal 210, which can be
fabricated of metal, is disposed on the outer component 208. The seal fitting seal 210 can provide a
metal-to-metal seal with the seal fitting 203, Between the onter component 208 and optical fiber
106 is a polymer laver 209, The polymer layer 209 can be inserted into the seal 204 through the fill

port 211

LAY The outer component 208 may be fabricated of Viton or other vacuws-compatible
materials with fow outgas. The outer component 208 also may be fabricated of ahuninwm, another
metal, or a metal alloy. The polymer layer 209 can be an epoxy. The epoxy can be vacuun-

compatible with low outgas.

0057} A hermetic seal between the seal fitting 203 and the seal 204 can be formed using a
metal-to-metal seal. For example, seal joints can be replaced by metal-to-metal fusion weld joints o0

reduce outgassing.
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[pOSE] The optical fiber 106 can include a furcation tubing cover inside the clastomer seal
204,
{0059 The flange 200 can penetrate the wall of the vacuum chamber 101 without the use of

fiber couplings and can provide greater than 90% transmission for wavelengths encompassing
uliraviolet to infrared, though other wavelengths ave possible. The polarizing extinction rate may be
1:30 or better. Little to no stress may be exerted on the optical fiber 106, which provides the

transnussion and polarizing extinction rate.

HEHEH! In a test using the embodiment of FIG. 4, transmission of red, green, and blue hight

was greater than 90%. The polarization extinction ratio was greater than 30,

o061} In FIG. 5, the optical fiber 106 passes through the flange 300. The flange 300 is an
example of the flange 113 in FIG, 1. The flange 300 includes an elastomer seal 304 that can be
inserted into an end of the seal fitting 203 opposite from the spacer 202. The elastomer seal 304 can
be fabricated of Viton or other vacuum-compatible materials with low outgas. The elastomer seal

304 also tan be fabricated of silicone.

[0862] The optical fiber 106 can include a furcation tubing cover mside the elastomer seal
304,
0063} in an instance, the elastomer seal 304 can be compressed to form a hermetic seal with

the seal fitting 203. The axial and radial stress on the optical fiber 106 can be controlled and
minimized so that the resulting transmission loss is less than 5% and the polarizing extinetion rate 18

at greater than 1230,

[0664] The embodiment of FIG. § can provide gredter than 93% transmission for
wavelengths encompassing ultraviolet to infrared and a leak rate of less than 2BE-10 atm ccfs of
helium, Other wavelengths are possible. The embodiments of FIG. $ can provide an ultra-high

vacuum compatible, low loss, polarization-maintaining, single mode fiber vacoum feedthrough,

[0065] The hermetic seal to the optical fiber 106 can be accomplished with a two-component

polymer sealant between the optical fiber 106 and an inner diameter of a small bore thick wall tube
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or with a precision~-molded elastomer seal 304, A hermetic metal-to~-metal seal is provided if the
optical fiber 106 s surrounded by the tube. The hermetic seal is provided if the elastomer seal 304

is compressed by a defined amonnt.

[0066] An ultra high vacuum version can be constructed by replacing a quick flange with a

crushed copper gasket Hange.

{0067} The strain relief wnit 201 is typically positioned on the vacoum side of the wall that
holds the flange 200 or flange 300. The cover 205 and sleeve 206 are typically positioned on the

atmosphere side of the wall that holds the Hange 200 or Hlange 300.

[B068] The seal fitting 203 can uniformly squeeze the seal 204 or elastomer seal 304, The
seal 204 and elastomer seal 304 squeeze the optical fiber 106 when inserted mto the collar of the
seal fitting 203. The majority or entivety of pressure to the optical fiber 106 is in the radial direction
of the optical fiber 106. Axdal pressure to the optical fiber 106 is minimized or eliminated, which
reduces the possibility of kinks in the optical fiber 106, The optical fiber 106 can generally

withstand radial compression.

{8669} The optical fiber 106 can be bare within the seal 204 or elastomer seal 304, Thos, the
coating or jacket around the optical fiber 106 can be removed. This reduces leaks through the seal
264 or elastomer seal 304, Adhestve may be added where the bare optical fiber 106 meets metal

components to further reduce leaks,

0670 The designs of FIGS. 4 and 3 can provide approximately 159 better transmission of
red, green, and blue wavelengths compated to previous seal designs. Previvus designs applied axial

force to the optical fiber 106,

{0071 FIG. 6 iz a fowchart of an embodiment of & method 400, which can ocour in the
system 100 of FIG. 1. At 401, light from a laser lght source is directed to a vacuum chamber
through an optical fiber. The optical fiber transmits all wavelengths of hight produced by the laser
light soures into the vacuum chamber. The Iaser light source may be located outside the vacuum
chamber, The Hght can have awavelength from 200 nm o 2000 nm, sucheas from 400 nm to 680

L.
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{0672} Ar402_ the Hght is divected to an achromatization and polarization unit in the vacim

chamber. The achromatization and polarization unit ean include a rurning mirror or a curved mirror.

{0873} At 403 the light is directed to a wafer secured on a stage disposed in the vacunm
chamber,
[0074] The method 400 can further include directing an slectron begm in the vacuum

chamber at the wafer. The electron beam and the lght can be directed at the wafer ina

synchronized manner.

[0875] Although the present disclosure has been described with respect to one or more
particular embodiments, it will be understood that other embodiments of the present disclosure may
be made without departing from the scope of the present disclosure. Hence, the present disclosure i3

deemed limited only by the appended claims and the reasonable interpretation thereof,

St
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What is claimed is:

i.

o

$ad

LA

o)

9,

19

An apparatus comprising:

a vacuum chamber;

a stage disposed in the vacuum chamber that is configured to secure a wafer;

a laser light source disposed outside the vacuum chamber;

an optical fiber that transmits all wavelengths of Hght produced by the laser ight source into the
vacuum chamber throagh a wall of the vacuom chamber; and

an achromatization and polarization unit.

The apparatus of claim 1, further comprising an election beam source that directs an electron

beam at the stage.

The apparatus of clatm 1, wherein the optical fiber transmits light at g wavelength from 200 nm

1o 2060 nm.

The apparatus of claim 1, wherein the laser lght source includes a plurality of lasers and a

plurality of dichroic mirrors.

The apparatus of claim 1, wherein the laser bght source further includes a plurality of lasers, a

polarization-dependent beam splitters, and a plurality of half-wave plates.
The apparatus of ¢laim 1, wherein the optical fiber is 4 multi-mode fiber.
The apparatus of claim 1, wherein the optical fiber is a single-mode fiber,

The apparatus of claim 1, further comprising a wave plate disposed in the vacuam chamber that

receives the light from the optical fiber.
The apparatus of claim &, wherein the wave plate 1s 8 half-wave or a quarter-wave plate.

The apparatus of claim 1, wherein the achromatization and polarization unit includes:

a turning mirror disposed in the vacuum chamber, wherein the turning mirror receives the light
from the optical fiber and is configured to direct the light from the optical fiber at the stage;
and

14
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at least one achromatized lens disposed in the vacuwm chamber, wherein the achromatized lens
is configured to collimate the light received from the optical fiter and/or image the light onto

the'water,

11. The apparatus of clatm 1, wherein the ackwomatization and polarization unit includes a ceved

3 mirror, wherein the curved mirror is spherical or parabolic.

12. The apparatus of claim 1, wherein the hight from the laser light source is at more than one

wavelength.

13, The apparatus of claim 1, further comprising a flange around the optical fiber, wherein the
fange is disposed in the wall of the vacuum chamber, and wherein the flange inchudes:
10 an outer component disposed around the optical fiber; and
a polvmer laver disposed between the optical fiber and the outer component, wherein the

polvmer laver is radially compressed to form a hermetic seal.

14. The apparatus of claim 13, wherein the hermetic seal between the wall and the wbe further

includes using a metal-to-metal seal.

ot
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5. The apparatus of claim 1, further comprising a flange sround the optical fiber, wherein the
flange is disposed in the wall of the vaconm chamber, wherein the Hange is an clastomer seal,

and wherein the elastomer seal is radially compressad to form a hermetic seal.

16. A method comprising:
directing light from a laser light source to a vacuum chamber through an optical fiber, wherein
20 the optical fiber transmits all wavelengths of Light produced by the laser light source into the
vacutum chamber throngh a wall of the vacuom chamber;
directing the hght to an achromatization and polarization unit in the vacuum chamber; and

divecting the light to a wafer secured on a stage disposed i the vacuum chamber.

17. The method of claim 16, further comprising directing an electron beam in the vacuum chamber

jov
9

at the waler.

18. The method of claim 16, wherein the hight has a8 wavelength from 200 nm to 2000 nm.
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19, The method of claim 16, wherein the achromatization and polarization unit includes a turning

mirror or @ curved mirror,

16



