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INTRODUCTION obtain the crystal with low dislocation density and low
esidual strain. Large residual strain in LEC crystals

Cost reduction is the top priority of device manufacturers O metimes causes cracks in the crystals, an issue which is

overcome keen competition and obtain larger market Shagﬁminated utilizing the VB method.

The 6-inch process is the key technology in achieving ﬂﬁe controllability and reproducibility of the temperature

cost reduction goal. rofile of the VB furnace are superior to those of the LEC

However, the larger temperature difference in a 6-inch waf 11|[rnace, because of the very simple configuration of the VB

in comparison 1o a 4-inch watfer increases the possibility Rlmace. An additional benefit to VB crystals is that they
slip-dislocation generation and wafer breakage during hi(_?,ﬁi )

temperature processes. This prevents device manufactuliiye the identical shapes when solidified in the crucible. The
P P : P Wo advantages of the VB method mentioned above enable us

fr_om succeedmg with the . G-inch process. Enlar_glng ”}8 chieve good reproducibility of 6-inch GaAs crystals. In
diameter from 4 inches to 6 inches also causes the mcreasgao ition, the price of a VB furnace is much lower than a LEC

dislo_cz_ition density and r_e;i_dual strain as well as difficulty IPurnace because pulling rod and diameter control systems are
obtaining good reproducibility of the crystals. not nec’essary

Growth of 6-inch GaAs single crystals by LEC[1], VCZ[Z]AS mentioned above, the VB method is the most productive

d promising technique for growth of 6-inch diameter GaAs
ingle crystals.

and VGF[3] methods have been reported and t%

manufacturing efforts continue. The 6-inch wafer productiop

by the LEC method was reported at the GaAs MANTECF!

Conference in 1998[4].

We have successfully developed the Vertical Boat (VB) VB method LEC method
W Melk Crystal

|

method for mass production of GaAs substrates with I

dislocation density and low residual strain. This is the first
report on the properties of 6-inch semi-insulating Gaﬁs”
substrates manufactured by the VB method. H
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Furnace configuration and temperature profile of the VBig 1 Furnace configuration and temperature profile of VB
method are schematically drawn in Fig.1 for comparison wWifhd LEC methods.
the LEC method. GaAs pre-synthesized polycrystals are

charged in a pBN crucible. The crucible is mounted on a TABLE 1

CrUCible Support, and heated in a Vertical fUrnaCn COMPARISON OF THE PRODUCTIVITY FOR 6-INCH GAAS CRYSTALS
Polycrystals are melted, and the crucible is moved downward VB LEC Remarks
relative to the furnace, resulting in the growth of <100 Dislocation density Good Poor Temperature gradient
seeded 6-inch GaAs single crystals. The crystals are dopedResidual strain Good Poor Temperature gradient
with carbon to obtain semi-insulating properties. Single crystal Good Very Good _ Reaction to crucible
6-inch crystals up to 20kg and over 100 wafers from ome Lot size Good Good

boule have been obtained with good reproducibility. There|is Material loss Good Med. Crystal shape

no barrier to grow the crystal up to 40kg. Reproducibility Good Med. Configuration
Table 1 shows the comparison of productivity for 6-inch Price of furnace Low High Pulling rod
GaAs crystals between VB and LEC methods. One of the Diameter control

most notable characteristics of VB method is the growtRISLOCATION DENSITY AND RESIDUAL STRAIN
under a low temperature gradient, which makes it possible to



Dislocation density was investigated as etch pit densifyvo-dimensional maps of residual strain are shown in Fig.4.
(EPD) revealed by molten KOH etching. Radial profiles dbark color regions on the maps show the regions having high
EPDs on 6-inch VB-GaAs substrates cut from seed side amesidual strain. The residual strain of the 6-inch VB substrate
tail side are plotted in Fig.2. The average EPDs of 6-inch MB less than half of that of the 6-inch LEC substrate.The
substrates are about 4,000Gmwhich is one order of average dislocation density and the residual strain along the
magnitude lower than that of the 6-inch LEC substrate. Tiyeowth axis are plotted in Fig.5. Low dislocation density and
average EPDs of several boules are shown in Fig.3. Tl residual strain are obtained in the whole ingot.
It is confirmed that VB substrates with low dislocation
o LE+06 density and low residual strain have high resistance against
' - 1EC breakage and slip generation.
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ﬁ. 1.E+03 Control of resistivity is an important issue for producing
K

Seed Sile semi-insulating GaAs substrates. Resistivity depends on the
carbon and EL2 concentrations. The resistivity dependence
on carbon concentration is shown in Fig.6. 6-inch VB

substrates have the same dependence of 4-inch LEC
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Fig.3. Average EPDs on 6-inch VB-GaAs substrates froffig.5. Average dislocation density and residual strain along
several boules (A—1). the growth axis of a 6-inch VB-GaAs single crystal.
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shows excellent reproducibility.
Residual strain in the GaAs substrate was measured by f{
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Fig.6. Resistivity dependence on carbon concentration.
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1E+14 [ Fig.10. Electron mobility in 4-inch and 6-inch VB substrates
1' E+17 and 4-inch LEC substrates

of several 6-inch VB GaAs crystals are plotted in Fig.8. The
[O<——————1 small variation between lots as shown in Fig 8 confirms the
1.E+16 o S
good reproducibility of resisitivity.
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D istance from center fnm) Figure 9 shows the resistivity profiles, measured at 100 m
Fig.8. Carbon and EL2 concentrations along the growth axjgtches from the center to the periphery, on a 6-inch VB
of several 6-inch VB GaAs crystals. substrate and a 4-inch LEC substrate. The variation of

microscopic resistivity on the 6-inch VB substrate is much
developed carbon doping technique made it possible smaller than that of the 4-inch LEC substrate. Surely, such
achieve the wide range control of resistivity from 1E6 texcellent homogeneity of microscopic resisitivity on the 6-
5E8+ cm on 6-inch VB substrates. inch VB substrate is attributed to the excellent microscopic
Figure 7 shows the profiles along the radial direction dfomogeneity of impurity and EL2. Kaminaka, et al.[6]
resisitivity, carbon and EL2 concentrations. Resistivitiy alonguggested that microscopic homogeneity affects the electron
the radial direction on a 6-inch VB substrate has a vemobility in GaAs substrates produced by the LEC method.
uniform profile similar to that on a 4-inch LEC substrateThe electron mobility in 4-inch and 6-inch VB substrates is
Such a uniform profile of resisitivity is attributed to theslightly higher than that of 4-inch LEC substrates, as shown
uniform profiles of carbon and EL2 concentrations along tHie Fig.10. This is due to VB's better microscopic
radial direction. homogeneity, which is proved by smaller variation of
The carbon and EL2 concentrations along the growth axis microscopic resistvity.
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Hﬁm‘ ] Fig.12. Relationship between the carboncentration in the
‘ substrates and the sheet carrier concentration (Ns) of the
/ ion-implanted layer.
4=inch 6-inch The mass production of 6-inch semi-insulating GaAs

TV 4um TTIV=24um substrates with superior properties has been achieved by the

. . . . VB method. The properties are as follows.

F'g'll' TTVs and two dimensional maps of 4-inch and 1. Low dislocation density and low residual strain in 6-inch

6-inch VB wafers. VB substrates along the growth axis and their excellent
reproducibility between lots.

2. Good uniformity of carbon and EL2 concentrations, and

uniform resistivity along the radial direction.

Good reproducibility of carbon and EL2 concentrations

between lots.

SUMMARY

WAFER PRODUCTION

Flatness defined as total thickness variation (TTV) is one %f
the most important factors which affect the yield of dewc& Excellent h v of mi . isitivit d
manufacturing. Typically, when increasing the wafer xcellent homogeneity of mICroscopic resisiivity an

diameter it is difficult to maintain an acceptable level o{ high electron mobility.

flatness. However, we have achieved an acceptable level Q)F:jdd':'on tFr:e flat?ess ?f tthhe wafer 'T a;:c;:pltable fc;r 6deV|(r:]e
flatness, even in 6-inch wafers. roduction. Properties of the ion-implanted layer of 6-inc

TTVs and two dimensional maps of the 4-inch and 6-inch V. E’ substratets tahret go_nsEt\e/rIlSt W|t';htthtose of IBEC SL:ijt_rt?]t?ﬁ
wafers are shown in Fig,11. Although the TTV value of 6- IS suggests that o-nc substrates can be used wi e

inch wafers is slightly larger than the 4-inch, it is acceptabl ?t;nn(éatfg:g't'ons as that of LEC substrates for device

We are confident that the TTV of 6-inch wafers will soon b
equal to that of 4-inch wafers, through continuous

improvements in the production process.
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