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1. Introduction
Experimental data for particles, metals and flatness, based

on a recent analysis of 200 mm epitanial wafers from 7
global silicon suppliers, are presented extending similar
analyses for 150 mm polishedr) and 2OO mm epitaxial
wafers2). These data are useful for comparison with cunent
data for 300 mm developmental wafers to identify
oppornmities for cost-effective improvements in 300 mm
wafers. Since the initial oxygen content (Of) was not
specified for these 300 mm wafers, the oppornrnity to assess

oxygen precipitation on 300 mm sectioned wafers over a
wide range of qo values will also be presented.

2.200 mm Epitaxial Wafers
Each supplier provided one cassette of 25 plp. (tOO) g-S

pm epituial wafers randomly sampled from lots targeted for
"leading edge" customers (c. 1996). Each supplier was given
a unique code letter. Suppler B provided 4 cassettes of
wafers; suppliers A and D each provided 2 cassettes of
wafers, the latter differing principally in the subsfrate thermal
process prior to epitaxial deposition.

Particles. Localized Light Scatterers (LLS) were measured
on a Tencor 6200 calibrated to PSL spheres3). Due to the
absence of crystal originated pits (COPs) in the epitaxial
films, LLS counts are reported as "particles
box plot in Figure I indicates most suppliers constained
particles to < SO/wafer (6 mm edge exclusion, EE) for
diameter > 0.125 pm (0.18/cm2; while similar data were also
obtained for 3 mm EE, corresponding toO.ll/cmz.

A口 lZ事 1̈

3 data were taken for each of 22 wafers(center and 80 nlln

hmぬ e center at O‐ 125。 and O‐ 325。 (notCh at 270。 )。

Similar data were Obtained by a 9‐ pomt sampling pattem for

3 wafers.The box plot for 66 Fe data per supplier in Figure 2

indicates dlel capability of consttaining Fe(and Similarly

Ni,Cu and Znbわ ぬe“effective"detction limit of abollt l‐ 2
x101°/cm2.Data for Ca,Cl and S win also be presented.

Data notshown:
Z: 67
B3: 57,58,158
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Figure 2 . Dependence of Surface Fe with Supplier

Flatness. Wafer dimensional information was obtained using
an ADE 9300. Most suppliers consfrained global front-
surface least squares reference plane total indicator range
(Gftp;+l < 1.5 pm, total thickness variation (GBn;+l Si.s
pm, bow between -14 and +10 pm and warp between 10 and
40 pm. The larger warp value, for suppliers with a back-
surface oxide, is relaxed during IC thermal processing.

Most suppliers' constrained the total indicator range
flatness, based on a front-surface site least squares reference
plane (SFQR)4), to < 0.20 pm for 25 mm x 2i mm complete
sites with 3 suppliers < 0:13 pm. Inclusion of the 25 partial
sites somewhat degrades these values as seen by comparing
the 32 complete sites with the 25 partial sites in the box plot
of Figure 3. A detailed comparison of the ratio of SFQDa) to
SFQR indic4tgd a range of 0.58-0.65, comparable to
previous datal'2) and consistent with a recent modJP.

Microroushness. All suppliers consfiained micro-roughness
(&) values to approximately < 1.0 A and 1.5 A for scan
sizes of I x 1 and 20 x 20 pm, respectively. Crystal lattice
terraces, previously observed on vicinal (100) epitrurial
wafers6) were generally not observed on these wafers.

3.300 mm Polished Wafers
Initial particle, metal and flatness data for 300 mm polished

wafers indicate that individual parameter data comparable
with state-of-the-art 200 mm wafers can be achieved. The
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Figure 1. Dependence of Localized Light Scatterers (LLS)
with Supplier (LLS > O .125 pm, 6 mm edge
exclusion)

Metals. Metallic contamination by Fe, Ni, Cu,7^ as well as

Ca, Cl and S were measured by T)RF using a Rigaku 3720;
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Data not shown:
D2:6L4,389
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Figure 3 Dependence of SFQR with Supplier
( Complete Sites - o and Partial Sites - A )

utilization of a wire saw for cutting 300 mm wafers resulted
in comparable bow and warp data. Double-side polishing
resulted in encouraging SFQR data for several suppliers
while other suppliers still have immature polishing
processes. A steep gradient in the learning curve is being
pursued by all suppliers. Continued improvements in
confrolling the magnitude, tolerance and uniforrrity of
silicon wafer paramefiics is essential, consistent with the
requirement of balancing the "best wafer possible" against
the cost-of-ownership (CoO) opporhrnity of not driving
silicon requirements to the detection limit but to some less
sfringent and optimized valueT).

Oxvsen Precinitation. Two 300 mm wafers from each of 4
suppliers were measured for O1o, by the intensity of the l,l}7
crnr line on a Bio-Rad Map 300. A total of 13 Oio
measurements were taken along the whole diameter for each
wafer with a 4 mm EE to assess the radial homogeneity.
Carbon, measured by the 605 crnr line, was generally about
0.03 ppma for all suppliers except supplier C (= 0.1 ppma).
Each wafer was subsequently quartered and re-measured for
O1o radially.The change in Oi (AOi- Oio-Oir) was determined
following ASTM Standards procedurest) 1i.e., a one-step 16
hr anneal at 1050C and a two-step 16 hr anneal at 1050C
following a 4hr nucleation pre-anneal at 750C). The samples
remained in the furnace as the temperalure was ramped
10c/min from 750C to 1050C. Post-test 01'were obtained in
regions spatially close to the original readings.

Since none of the wafers received the conventional thermal
donor anneal by the supplier (due to the unavailability of a
300 mm furnace at the time of wafer preparation), the
influence of both a 450C, 2 hr anneal to generate additional
thermal donors and a 625C,30 min anneal to annihilate
therrral donors was also examined. Neither thermal process
materially resulted in a change in AOi. This is not surprising,
however, since the short range restnrcturing it these cases
does not significantly perturb Oio, inasmuch as Oio,
approximately L.25 - 1.80 x 10r8/cm3 (25-36ppma) utilizing

the "old" ASTM relation between intensity and
concenEation, iS about 100CI( the number of thermal donors.

The 1050C, 16 hr anneal did not result in any significant
precipitation, even for samples with O1o about 36 ppma (see
Figure 4a). However, the samples which received the donor
anneal at 625C plus the 1050C thermal process exhibited
significant oxygen precipitation for O1o beyond 36 ppma as
seen in Figure 4b. It appears the donor anneal facilitates the
formation of nuclei which accelerates oxygen precipitation at
1050C for sufficiently high Oio. The utilization of the 750C,
4 hr nucleation anneal prior to the 1050C, 16 hr thermal
process in Figure 4c, however, exhibited an accelerated
oxygen precipitation and the familiar "s-shaped curve." This
is not unexepected since 700-800C is optimal for the
formation of nucleie) to facilitate oxygen precipitation at
1050C. The three step process of 625C followed by 750C
and 1050C exhibited similar behavior (see Figure 4d). These
AOl data approach an Oir value approximately equal to 12

ppma, compared to the thermal equilibrium solid solubility
value of 8.5 ppma at 1050Ct0). Previous tests perfomed in
1996 exhibited faster precipitation inasmuch as those 300
mm sectioned wafers came from crystals that were larger
than the throat of the 200 mm crystal puller and were held
within the chanrber as the crystal cooled down, presumably
generating sufficient numbers of nuclei facilitating oxygen
precipitation, even for the one-step ASTM testll).
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Figure 4.Delta lnterstitia1 0xygen vs.hitial hterstitia1 0xygen

ln order to gam mer inslght into ぬe oxygen
precipitation kinedcs wi■ Oi° π 25,30,32 and 36 ppma,a

series of tests varied the 750C nucleation time from O‐ 64 hrs

as well as assessedぬ eiduence of an RTA ameal at 750C,
30s as an altemat市 e to dle conventiona1 650C,30min
mermal donor ameal.Allぬ e sections dlen received dle
1050C preclpltatiOn anneal for times varymg iOm O-99 hrs.

The fraction of oxygen precipitated is described by eq。 1:

ζ≡[Oi°
―Oiko]ノ [Oi°

―Oieq]   (1)

The 1050C precipitatiOn test generally exhibited a

lnonotonic and steeper gradient in t宙 ぬ increashg
nucleation amealtimes of 4,16 and 64 hrs at 750C fOr 01° ≧
30 ppma as seen in Figure 5(Oi° ‐ 32 ppmal。 lhe cllrves
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A… 14‐ l  Current Status of 200 mm and 300 mm SIicom Wafers Cnvited)

saturate around 16 hrs and, for a pre-anneal time of 64 hrs,

approaches Oiq of 8.5 ppma.
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Figure 5. Oi Converted Fractton:Supplier C(OF=32 ppma)

ne 750C,36 hr nucleation samples exhibited a retardation

h L inCreasing wn increぉed Oi° ,which appetts conSiStent,

in principle,witt previous threc‐ inch crysta1 0xperimental

data12).This pherЮmenon has been explalned in te― of the

dissolutton of nuclei duringぬ e1050C growtt temperature

duc to■e36 hr 750C anneal generating an elasdc ttain in

ぬe crystal due to ■e grouだ h of Si(D2 nuClei which is

memally relaxed by an Si02 pOlpOrph change andぬ e

emlssion of silicon mterstitials at 1050C which drives■ e

oxygen precipitation reaction backwards"'10。 Ameding for
64 hrs at 750C for Oi° ≧ 30 ppma,however,produces
sufficient crystal stram to generate silicon mterstitials even at

750C which,r exceeding a cridctt limit,∞ llapse nto

dislocation loops.  Subsequent oxygen preclpltation at

1050C,■erefore,recovers lom ale retardation phenonlenon

sinceぬ e dislocation loops act as a readily available sink to

capture emtted interstitials due to」 町ぬer Si02 p01即rph

changes at 1050C andぬ e availab■ity of a sufficiently si7ed

nuclei disttibudon denslty facnhating the approach to O絆 .

p鶏鰍
=麗

罵∬ll肌;臨:盤鮒ぱ
n

t=1‐ eXp[‐ピ]  (2)

where n and k are constants dlaracteristic of dle preclpitation

kinetics.Figure 6 ilhstrates he variation of ln(ln(1-D・ )

versus ln o at 1050C for Oi° =32 ppma wiぬ the nucleation

time at 750C as a paranleter as well as■ e650C ttemal
donor ameal and tte 750C 30s RTA ameal.

The 650C ameal and 750C nucleation ameals exhibited

no change in Of except fOr on supplier which had a・ △Oi～ 4

ppmafor an Of～ 32 ppma for 64 hrs at750C.The sectЮ ns

which received a 650C ameal or llo almeal exhibited ra■ er

similar precipitation behavior for Of～ 25,30 and 32 ppma

at 1050C.For Of～ 36 ppma,ぬe650C ameal oo anneal)

sections showed a steeper increasc(signifiCant decreasc)in

△Oi relative to 01° ～32 ppma.The 650C ameal approaches

■e750C pre‐ anneal behavior(for 4,16 and 64 hrs)fOr 99

hr at 1050C in Figure 5。 ■ o750C,30s RTA ameal
exhibited larger△ Oi for Oi° =30 ppma and smaller△ Oi for

0.00   1.00  2.00  3.00  4.00  5.00

1n t〔hrs)at1050 C

Figu“ 6.Avrami Analysi∬ Supplier C(q)=32 ppmり

Oi° π 32 ppma,compared to bo■ lhe 650C ameal and no

amed誠 1050C(see Five 5)and dSO exhbited a hrdler

decrease in△Oi at Oi° ～ 36 pplna,simila toぬ e ib anneal

caseo lndeed,ぬ e750C,30s anneal exhibited decreasmg△ Oi

witt Of>30 ppmao Clearly,h血 er experimental and

■eoretical work is required for clarification of ぬese

observations.

4。 Conduttn
Encolragng characterization data for 300 mnl wafers has

been obtained,indicating individual parameter data in some

cases comparable to state‐ of―ぬe―art 200 mm wafers.Initial

oxygen precipitation data in 300 mm secaoned wafers
indicates behavior consistent wiぬ  previously observed
phenolnenono Extens市 em油 er wOrk is requred for mer
clarification and detailed comparison to 200 mln behavior。
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