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shipped from a wafer manufacturing facility to another site where they are further
processed. A number of types of transport and shipping devices have been previously

known for handling, storing and shipping wafers. A "coin stack" wafer carrier is a type of

shipper that holds the wafers in a horizontal position for transport.

The semiconductor industry is currently moving toward processing larger and
larger wafers into semiconductors. As semiconductors have become larger in scale, that is,
as the number of circuits per unit area has increased, contaminants in the form of
particulates have become more of an issue. The size of particulates that can destroy a

circuit has decreased and is approaching the molecular level.

Contaminants besides particulates should also be controlled. Chemical species that
coat the wafers can interfere with sul?sequent processing steps. Charged ions and amines
are especially undesirable contaminants. Contaminant and particulate control are
necessary during all phases of manufacturing, processing, transporting, and storage of

semiconductor wafers.

Wafers must be protected from damage during shipping. The carrier system must

protect wafers from breakage and from shocks, for example, as when dropped. An



protect wafers from breakage and from shocks, for exanple, as when dropped.
An 1 WO 03/029113 PCT/ US02/ 31617 inportant conponent of such protection
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These ' cush 10ns, however, outs gas  10ns, amines other chiemical™ species that

contaminate the wafers. The semiconductor industry needs wafer carriers that provide
adequate damage protection and particulate protection without contaminating the wafers in

the shipper.
SUMMARY OF THE INVENTION

The wafer transport system of the invention provides wafer carriers that solve these
long-felt problems by providing adequate damage protection and particulate protection
with minimal contamination of the wafers in the shipper. Part of the solution to these
problems involved recognizing that a material suitable for use as a wafer carrier should
have inherent static-control properties as opposed to being treated for static control.
Treatments involve adding substances to the material that are readily separated from the
material. In contrast, a material with inherent static control has more stability and

resistance to degassing or throwing off particulates.

A preferred embodiment of the invention is a wafer cushion for cushioning
semiconductor wafers that is made of a closed-cell polyethylene material with a surface
resistivity of less than 5 x 10’ ohms per square that has less than 1800 ng/g CI', 400 ng/g
F/Acetate, 270 ng/g NOs , 350 ng/g SO.*, and 60 ng/g PO, ions leachable under



resi stance to degassing or throwing off particulates. A preferred
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the wafers can be transported in a horizontal position. The wafer carrier cover cooperates
with the carrier base to traverse the wafer stack pocket and protect it from damage, shocks
and particulates. The wafer cushion fits into the wafer stack pocket and has a layer of
material that is 2 to 10 mm thick that is made of an energy-absorbing, closed-cell
polyethylene foam material having a density of 1.5 to 1.9 pcf, a surface resistivity of less
than 5 x 107 ohms per square, and less than 1800 ng/g CI', 400 ng/g F/Acetate, 270 ng/g
NOy, 350 ng/g SO42', and 60 ng/g PO43'ions leachable under moderate conditions. The
cushion preferably has no detectable outgassing organics as measured under stringent

conditions. The static control properties are preferably the result of carbon that is part of

the structure of the material.

An embodiment of the invention includes a method of shipping semiconductor
wafers. A wafer shipper is prepared and a wafer cushion is prepared for insertion into the
wafer carrier. The cushion is made of a closed-cell polyethylene material with a surface
resistivity of less than 5 x 10’ ohms per square, less than 1800 ng/g CI, 400 ng/g F
/Acetate, 270 ng/g NO3™, 350 ng/g SO,*, and 60 ng/g PO, "ions leachable under moderate
conditions, and no detectable outgassing organics under stringent conditions and is

inserted into the wafer carrer.
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exanpl e, DETAILED DESCRIPTION

The wafer carrier system prevents wafer breakage during wafer transport and
provides adequate protection from contamination by particulates and chemical species
such as amines and ions. An important part of the system is a wafer cushion that helps to
absorb forces applied to the system, especially sudden ones caused by, for example,
dropping the shipper. Material properties of the cushion such as compressive strength
help to determine the performance of the cushion. The compressive strength of the wafer
cushions of the system is preferably approximately 7.0 psi at 10% compression], 9.5 psi at
25% compression, 14.0 psi at 40% compression, and 19.0 psi at 50% compression as

measured with the ASTM D3575-91 test.

The wafer carrier system has wafer cushions that have static control properties,
namely, having a resistivity of less than approximately 2 x 10’ ohms per square. The
static control properties help to prevent an unwanted static electricity discharge. The static
control properties are preferably inherent in the material. Inherent means that the
materials used to make the foam material have static control properties. Thus a material
with inherent static control properties does require treatment with steps intended to confer
static control properties, including the step of impregnating or coating the foam with

carbon.
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carrier system 10 has wafer carrier cover 20, wafer carrier base 30, wafer cushions 100
and wafer separators 110. Wafer carrier base 30 has outer wall 120 and piers 60 that have
attached latches 70. Wafer lateral support 40 is attached to base 30 to define wafer stack
pocket 130. Wafer cover 20 has sides 50 and slots 80 for receiving latches 70. Wafer
cushions 100 fit into base 30 and cover 20 to support wafers 90. In use, cushion 100 is
placed into base 30 and wafer 90 is placed on cushion 100 with lateral support 40
providing lateral support to wafers 90 that are disposed approximately perpendicularly to
lateral support 40. Wafer separator 110 is placed on wafer 90 and wafers and separators

are alternated with a wafer cushion 100 placed on top. Wafer cover 20 is placed over base

30 so that wafer stack pocket 130 is traversed and latches 70 engage slots 80.

A preferred embodiment of a wafer carrier system is shown in Figure 2. Wafer
carrier system 11 has wafer carrier cover 21, wafer carrier base 31, wafer cushions 101
and wafer separators 111. Wafer carrier base 31 has an outer wall that is formed by lateral
support 41 and piers 61 that have attached latches 71. Wafer lateral support 41 is attached
to base 31 to define wafer stack pocket 131. Wafer cover 21 has sides 51 and slots 81 for
receiving latches 71. Wafer cushions 101 fit into the base 31 and cover 21 to support
wafers 91. In use, cushion 101 is placed into base 31 and wafer 91 is placed on cushion
101 with lateral support 41 providing lateral support to wafers 91 that are disposed
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approxi mately perpendicularly to lateral support 41. Wafer separator 111 is
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cushion 101 placed on top. Wafer cover 21 is placed over base 31 so that
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by after reading this disclosure and include multiple layers, alternative shapes, other
thicknesses, and other surface configurations, for example bumps, indentations, holes, and
grooves. Wafer cushions of the invention may be shaped according to a variety of means
known to skilled artisans, including die-cut, molding, slitting, extrusions, skiving, and use
of hot wires. A preferred material for use as wafer cushions is a closed cell polyethylene
trademarked as PLASTAZOTE by ZOTEFOAM Industries. Moreover, the wafer

cushions are adaptable to most wafer carrier systems.
Example 1: Procedures for testing for ion release under moderate conditions
INSERT EXAMPLE

This example details the testing for ion release under moderate conditions. The
method leaches materials with ultra-pure DI water for anion and cation analysis by ion
chromatography. The tests were performed using: Re-pipetter (RAININ) and
corresponding tips or equivalent; Class 100 Laminar Flow Hood; PRECISION 180 Series
Hot Water Bath or equivalent; Lead Ring Weights; 125-ml Polypropylene (PP) sample
bottles; 18-MW/cm deionized water; 1000 ppm standards of fluoride, acetate, formate,

chloride, nitrite, bromide, nitrate, sulfate, phthalate, phosphate, lithium, ammonium,
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Place ring weights over the lids of the sample and blank bottles and place in the hot water
bath. Allow to leach for one hour. Remove the samples and blank from the hot water bath
and place in a room temperature water bath. Allow samples and blank to cool for at least
ten minutes in the room temperature water bath. Decant the samples and blank into fresh,

clean labeled 125-ml PP bottles for storage until the analysis is performed.

Analysis was performed by ion chromatography using calibration standards
prepared at 25.0, 75.0, and 150.0 ng/ml. Regression coefficients of greater than 0.999
were required for each calibration curve. The following quality control procedures were
followed: A calibration verification standard, (prepared from a different stock of
standards than that for the calibration standards), is analyzed at the front of the run to
verify the calibration standards and the current calibration (Recoveries of +/- 10% are
required); a continuing calibration verification standard is analyzed every tenth sample and
at the end of the run to verify instrument stability (Recoveries of +/- 10% are required); a
blank is analyzed at the front of the run, every tenth sample, and at the end of the run to
verify no carry-over is occurring; a sample of the DI water used for sample preparation is
analyzed to verify its cleanliness. Data reduction was performed as follows: a blank was
prepared and analyzed for each analysis; the results from the blank were subtracted from

the sample results; the results from the instrument (in ng/ml) were multiplied by the



sodi um potassium magnesium and cal cium "ppb" is defined as one nanogram
per milliliter, (ng/m); "ppm' is defined as one mcrogramper milliliter,
(gg/ m). woeanzalass 10 nitrile gloves are worn whil e perCorusonsictihi s
procedure and as nuch sanple preparation as was reasonably possible was

per f or medolufhetdT8edechas aséd) (50 mm, hat divldew bhakdmassA flthel efhslatettatiatheanas was

| eached with 18-MN cm deionized water for at |east 24 hours before use.

Al | abwefeg/gas triple-rinsed with 18- MM cm dei oni zed water prior to use.
The testing was perfornmed according to the follow ng procedure: Turn on hot
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Accurately weigh approximately 0.5 granms of the cut up sanple and place in
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bl ank bottl es and B/Iace in the hot water bath. Allow to |l each for one

hour. Refioseinked pebysiykeacand dosdicet raphrstatie H%Yet%%f@r(%www 46 in a
roomte Al east
ton m nurautt HeopbhEl i atle 17 SEMOSRID, SRATR MiBR prOyRE Lo endonh

bl ank i nhg/ngE,shOO ng/lgeBnAdeain@,Im A35-MQ; PP5bapty 86,4 ecmdst®ngigePQuit idnst he
anal ysis is ned Anal ysis was perforned by ion chronatography using
cal i brat ,le@ﬁhag)ﬁ FEQ erﬁ@é’ﬁéﬁ‘é‘&“&t 25.0, 75.0, and 150.0 ng/m . Regression
coefficients of greater than 0.999 were required for each calibration
curve. The follow ng quality control procedures were followed: A
calibration verification standard, (prepared froma different stock of
standards than that for the calibration standards), is analyzed at the
front of the run to verify the calibration standards and the current
calibration (Recoveries of +/- 10%are required); a continuing calibration
verification standard is anal yzed every tenth sanple and at the end of the
run to verify instrunent stability (Recoveries of +/- 10% are required); a
bl ank is analyzed at the front of the run, every tenth sanple, and at the
end of the run to



verify no carry-over
preparation is
per f or redwasidiidws:
the results fromthe blank were subtracted from

resul ts frap@it he i RebultsnBNFodm MediggM ) were nul tiplied by the
03/ 029113 PCT/ US02/ 31617

t he mas
testing

1 were f

foll ow
( PLAST.

anti - st ati E-/Agsdtgur ¢

cross-|

anti-static $yeth

1. Sign
ng/ g F-
| eachab
Table 1
density

pol yet hyl ene

of the sa

le to reach

IS occurring;
analyzed to verify its cleanliness.
a bl ank was

vol une of

a sanple

| eachat e
the units _q

of the DI

used,
ng/g. Fxa

(50 m),

wat er used for sanple
Dat a reducti on was

prepared and anal yzed from/isazbicanal ysi s;
the sanple results;

t he

7 7 WO

and di vi ded by
le 2: Result of

f deacherhlong| ¢
ol | oR&g whi
mg four nmate

baselogeddel
e ralyathylgieng
i BIASTAZQIEe

vder 9P €Bndi
mubalyys¢teangmt
cell stati

L i Hreh depsty pr

c-caontroll

or pelyehyleneng

ocedinsedesdf exanpl e
| udhowgthyleae

ZOTE fGlom ZOTEFQAM®ncor |

or at @800 Syrr

cV,

E360 and)|;

Heltl)eiHy/ANb e
open?®e| |

bt han@20 cor r |

Igat ed®3@onduc

[ive 1309 - st

atic ¥08eed c

h

il nkedN@I gh d

ensi t 10 cr 0sy

51 i nked?Opol yve

L hyl e2®):. and

cl wpeg 2560 |

| ene 30CELLUPLANK)370The

resul 3® are

t abappex2d09 n Tabl e

ificarad’y, o

hl y orR&0 mat el

i al pSOvi ded

| essitthan 1

800 ¥wog O -, 400

AC Elugheed 27

D ng/ g NO3-,

| e usrgeticsnody

3Gy hgsGO4

brate condi ti

ons.

8 8 WO

2"

, and 60 ng
03/029113 RCT/ US02/ 31617

| gmiR(@4 Bresdnon g

Results for
Cl osed cel |

Foam Testi ng Leached Ions C osed cell Open cell H

ng/ g pol yet hyl ene pol yur et hane pol yet hyl ene

850 1500 97000 NO 210 220 280 approx 2500

Example 3 Organic Outgassing Analysis By Gas-Chromatography-Mass Spectrometry

This example details procedures for measuring organic outgassing under stringent
conditions. The method uses an automated thermal desorbtion unit (ATD) and analyzed
via gas-chromatography-mass spectrometry (GC-MS). See also Thermal Desorbtion Gas
Chromatograph, FGTM 1350. The following materials are required: Automatic Thermal
Desorbtion Unit; Thermal Desorbtion Sample Tubes (glass); Thermal Desorbtion Sample
Tubes (stainless steel) (SUPELCO P/N 255055); Thermal Desorbtion Sample Tubes
(glass) (SUPELCO P/N 25090-U); 500 ppm heptane in methanol certified standard
Gasoline Range Organic Standard. The following definitions apply: ppb is one nanogram
per milliliter, (ng/ml); ppm is one microgram per milliliter, (umg/ml). Note: Always

wear clean Class 10 nitrile gloves while performing this procedure.

Personnel proceed as follows for equipment and sample preparation: Place a
stainless steel ATD tube on the balance and tare; Using a clean stainless steel scissors cut
an insert into approximately (1 mm x 1 mm x 1 mm) pieces; Using a tweezers, place 0.05
grams of sample into the tube, pieces should fit loosely so as not to block the desorbtion
flow; Place caps on both ends of the tube; The tubes are placed on the ATD unit and

desorbed at 100° C for 30 minutes.

Personnel proceed as follows for analysis via ATD GC-MS and quality control: 0.2
m! of a GRO standard is injected into glass tubes containing TENAX TA and used as the
independent calibration standard; Calibration verification standards are analyzed at the

front of the run to verify the independent calibration standard and the current calibration
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Personnel proceed as r equi pnent and e preparation: Place a
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shoul d fis&m?féf&@th%es%ﬁs?e_?oﬁ@& it Be RhRekf hpe. desorbtion flow Place caps on
both ends o he tube; The tubes are placed on the ATD unit and desorbed

at 100 C for 30 m nutes. Personnel proceed as follows for analysis via ATD
GC- M5 anExgunpld 4 Resudinof Organ( Qutgndsingf Amal@®RO st andard is injected into glass
t ubes containing TENAX TA and used as the independent calibration
standard; Calibration verification standards, are anal yzed at the front of
the run to verliheyprosadures @d fanawit S oire olRweshwhe, Aely NG maime et

cal i brat iimudigg 9th\é\of91§{vggg 13 Pinbhdra2/ 3847 cell static-controlled polyethylene
(PLASTAZOTE from ZOTEFOAM incorporated, Surrey, England); open cell anti-static
polyurethane ; closed cell cross-linked high density crosslinked anti-static polyethylene;
and closed cell anti-static polyethylene (CELLUPLANK). The results are tabulated in the
bottom row of Table 1. Significantly, a plurality of closed cell polyethylene materials

were tested but only one of them provided an undetectable amount of outgassed amines.
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(Recoveries of +/- 10% are required); A continuing calibration verification
standard is analyzed every tenth sanple and at the end of the run to
verify i nworoanent3 stability (Recoveries of +/- 10% are regaiused}ie1A bl ank
is analyzed at the front of the run, every tenth sanple, and at the end of
the run @ mMe19fy no carry-over is occurring; Sanple of known
concentrations are analyzed to verify results Data Reduction is perforned
as follows: A blank is prepared and anal yzed for each analysis. The

resul ts flr om thwafsr anshien forsugtieniog é@nfcomctdrevaiarﬁplhe cuglion being Thegderodsul t s
fromthe |nstru nt. are calc Ia ed,as_f at i-on
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( PLASTAZ = orated, Surrey, England); open cel
antl-stagg po yugggigﬁ%&nﬁﬁﬁﬁged cel | cross-Iinked hi gh density
crosslinked anti-static polyethylene; and closed cell anti-static

pol yet hyl ene (CELLUPLANK). The results are tabulated in the bottomrow of
Table 1. Significantly, a plurality of closed cell polyethylene materials
were tested but only one of them provided an undet ectabl e amount of

out gassed- ani fids wafer cupbiowdf¢302b wherekChewbped 3¢l polyetiynimateriah basber
cushion for . cu§gé? %gnlconductor waf ers, the cushion being nmade of a
cl osed- cé?? %' eﬂ% material with a surface resistivity of less than 5
x 107 ohns per square, less than 1800 ng/g C -, 400 ng/g F'/Acetate, 270
ng/ g NO3-, 350 ng/g S042-, and 60 ng/g P043-ions |eachabl e under noderate
conditions, and no detectabl e outgassing organics under stringent
conditions. 2. The wafer cushion of claim1 wherein the cl osed-cel

pol yet hyl3ene rhbkerifal cush®mnaf citems] wherin thelésed-teld pplykthylene material has a

compression strength in the range of 5.0 to 9.0 psi at 10% strain.

4. The wafer cushion of claim 3 wherein the closed-cell polyethylene material has

inherent static control properties.

5. A system for transporting semiconductor wafers that have two parallel faces
separated by a thickness, the system comprising a wafer carrier base, at least one wafer

lateral support, a wafer carrier cover, and at least one wafer cushion;

the wafer carrier base and wafer lateral support cooperating to define a wafer stack
pocket that is configured to receive semiconductor wafers with the parallel wafer faces
approximately perpendicular to the lateral support; the wafer carrier cover being

configured to cooperate with the wafer carrier base to traverse the wafer stack pocket;

the wafer cushion being configured to be received by the wafer stack pocket and
comprising a substantially uniform layer having a thickness of 2 to 10 mm that is made of

an energy-absorbing, closed-cell polyethylene foam material having a density of 1.5 to 1.9
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3. The wafer cushion of claim1l wherein the closed-cell polyethylene
material has a conpression strength in the range of 5.0 to 9.0 psi at 10%
strain. 4wolbBmaas er cushion of claim3 wherein the cl oseadcaalso2/31617
pol yet hyl ene material has inherent static control properties. 5. A system

for trangpphtsificcseibinaRbatRthues 19’ bhat phavaateVesPRaah RO ng/aEES 400
separated by a thickness, the system conprisi n8 a wafer carrier base, at

| east on&siglf xcetatet2dPa1e/s MNsbor 850 828a3@r > @ad OP e1e/g BYeriong frachablg rder one
waf er cushian; . I fer I operating
to defi nglbg&[v%é ée()?l 8%%@%:’%%%%&%%? {aPEgot%?%agﬁg )r%\%f“glﬁ? g@e? Sé%rnégllé{%g&ggﬁn&conduct or
wafers with the parallel wafer faces approxinmately perpendicular to the

| at eral support; the wafer carrier cover being configured to cooperate
with the wafer carrier base to traverse the wafer stack pocket; the wafer
cushion being configured to be received by the wafer stack Pocket and
conprisi fig a Fhbsydemiodiclayminihencim theglasedrasl] pejyethylane knatesigl bds 2density 0 nm
that is rrﬁgs tof 9 ar&n ener gy- absor bi ng, cl osed-cell polyethylene foam

mat eri al °haviRd"Pdensity of 1.5 to 1.9 11 WD 03/029113 PCT/ US02/ 31617
pcf, a surface resistivity of less than 5 x 107 ohns per square, |ess than
1800 ng/g -, 400 ng/g F-/Acetate, 270 ng/g NO3- , 350 ng/g 5042 and 60
ng/ g P043-ions | eachabl e under noderate conditions, and no detectable

out gassi ng organi cs under stringent conditions. 6. The systemof claimb5
wher ei n tThe clThsegsenl lof pdhiyetthwhersn nht erlosti-ckAspalyetbylsnd ynatefal lhds ho 1. 9
pcf. 7. The systemof clajm6 wh in the. claosed-cell polyethylene materi al
has a cﬁﬂ‘BP@é%‘P%ﬁtr%pb‘Hé{‘Wainﬁe Pﬁégﬁ%ﬂ@é’sb‘ft @%Stfaén@. 0 psi at 10% strain.
8. The wafer cushion of claim7 wherein the closed-cell polyethylene
material has inherent static control properties. 9. A nethod of
transporting sem conductor wafers conprising preparing a wafer carrier,
configuring a wafer cushion for insertion into the wafer carrier, and

i nserting. t he TheafAer eushifonosf éloim Jushéreini thy ctssd-celh pubietiylana fredterialtHae

cushi on being made of a cl osed-
inherent static control properties.

9. A method of transporting semiconductor wafers comprising preparing a wafer
carrier, configuring a wafer cushion for insertion into the wafer carrier, and inserting the
wafer cushion for cushioning semiconductor wafers, the cushion being made of a closed-
cell polyethylene material with a surface resistivity of less than 5 x 10’ ohms per square,
less than 1800 ng/g CI', 400 ng/g F/Acetate, 270 ng/g NOs™, 350 ng/g SO4%, and 60 ng/g
PO, ions leachable under moderate conditions, and no detectable outgassing organics

under stringent conditions.

10. A method of making cushions for use with transporting semiconductor wafers, the
method comprising providing a foam material having a surface resistivity of less than 5 x
10" ohms per square, less than 1800 ng/g CI°, 400 ng/g F/Acetate, 270 ng/g NO3", 350
ng/g SO4>, and 60 ng/g PO, ions leachable under moderate conditions, and no detectable
outgassing organics under stringent conditions and using means for shaping the foam

material to fit in a coin-stack wafer shipper.
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cell polyethylene material with a surface resistivity of less than 5 x 107
ohns per square, less than 1800 ng/g -, 400 ng/g F-/Acetate, 270 ng/g
NO3- , 35®@ong/gi1sP42-, and 60 ng/g PO43-ions | eachabl e urderusomsmsiat e
conditions, and no detectabl e outgassing organics under stringent
conditions. 10. A nethod of making cushions for use wth transporting

sem conduct or wafers, the nethod conprising providing a foam materi al
having a surface resistivity of less than 5 x 107 ohns per square, |ess

t han 18001.ng/ FhCwad@Cusigby of claipetlawherein7ide iogny nNOG 123 50s ardghg)tys0PR5 dad 60
ng/ g PX43"j ons | eachabl e under noderate conditions, and no detectable

out gassi 8I§'ganics under stringent conditions and using neans for shaping
the foam nmaterial to fit in a coin-stack wafer shipper. 12 WO 03/029113
PCT/ US02/ 31617 11. The wafer cushion of claim 10 wherein the foam materi al
has a density of 1.5 to 1.9 pcf. 12. The wafer cushion of claim 10 wherein
the foam material has a conpression strength in the range of 5.0 to 9.0
psi at 10% st Taknwafé3cushion of claim 10 wherein the foam material has a compression

strength in the range of 5.0 to 9.0 psi at 10% strain.
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