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THE INVESTIGATION OF EUTECTIC NUCLEATION
AND GROWTH MECHANISM OF AL-SI ALLOY

Abstract. Al-Si binary eutectic transformation, solidification occurred in the late eutectic (cell) crystal
nucleation, eutectic nucleation and growth are a direct impact on formation of the defects of organizations
(such as: shrinkage, thermal cracking, etc.) and the distribution of impurities elements and compounds,
and so on .In this paper, analysis the microstructure of the alloy with modification by Sr, also thermal
analysis was used to measure the unmodified alloys, EBSD was used to analysis the alloy with different
status. The results showed that: The EBSD technique, whether or not modification, we observed that the
eutectic nucleation on the primary dendrite and heterogeneity in inter-dendrites exist, and Sr has a
significant effect on the primary a-Al, the primary a-Al phase in the AlSil10.5 alloy modified by 0.04% Al-
10 wt. % Sr is more rounded and the size is much smaller than unmodified alloy. Fe has a great influence

on the nucleation of eutectic Si.
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Introduction

Aluminum alloy has small density, good plasticity,
excellent electrical conductivity and  thermal
conductivity. It has a dense oxide film on the surface to
play a protective role, good corrosion resistance and can
be recycled and reused. It is a green and sustainable
development Non-ferrous metal. Therefore, aluminum
alloys are widely used in aerospace, automotive, high-
voltage transmission equipment and other fields [1-3].
Al-Si alloys can obtain partial or complete eutectic
structure depending on the composition of alloy or the
change of solidification conditions. The solidification
process has always been a topic of great interest to
researchers “7). The volume fraction of the (a+Si)
eutectic is approximately 50% to 90%. Except for the
primary crystal (0-Al or Si phase) in the Al-Si alloy
structure, the volume fraction, morphology, number and
distribution of the eutectic are significant influences the
microstructure and mechanical properties of the alloy.

Since the growth rate of the leading eutectic Si
phase is greater than the growth rate of the eutectic o
phase, it can penetrate into adjacent eutectic (cluster)
grains or dendritic o-Al phases during the growth
process, making the final solidification. The eutectic
grain boundaries and the grain boundaries of the eutectic
and primary dendrite a-Al (hypoeutectic) are interleaved
with each other, and the true grain boundary cannot be
judged [6-15]. Therefore, under the general optical

microscope (OM), only the overall characteristics of the
eutectic structure can be observed, and the size. number

and morphology of the eutectic (cluster) grains cannot be
judged. This is an in-depth study of the shape of the
eutectic (cluster) grains. Nucleus and growth bring
certain difficulties. Although transmission electron
microscope (TEM) can analyze the orientation
relationship between two phases in detail, it is difficult to
fully reflect the characteristics of the eutectic structure
due to the small field of view observed. A K Dahle [
analyzed eutectic nucleation and growth problems based
on EBSD (Electron backscatter diffraction) images; D
Stuart et al. 13 used high-purity and industrial pure Al-
10%Si alloys (without deterioration) as the research
object, using liquid quenching (in the eutectic transition)
process and normal solidification (average cooling rate
of 1.5 °C/s, respectively). Under the conditions of the
macroscopic and microscopic organization, the results
show that: The impurity elements in the alloy have a great
influence on the morphology and size of the eutectic
grains, but they do not give a clear explanation; S
Shankar [14] studied eutectic nucleation problem of

ultra-high purity Al-7%Si by means of SEM. TEM, etc.

Since the Al-Si binary eutectic transformation takes
place in the late stage of solidification, its nucleation and
growth behavior all directly affect the formation of
defects such as shrinkage as well as the distribution of
precipitated phases and impurity elements. Japanese
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scholar Ohno Naomi pointed out that the mechanical
properties of eutectic (near eutectic) alloys depend not
only on the primary microstructure and the eutectic
microstructure, but also on the grain boundaries of
eutectic (cluster) grains. Obviously, to clarify the
formation mechanism of eutectic (cluster) grains and find
ways to control the morphology and size of eutectic
(cluster) grains is obviously important for improving the
performance of (near) eutectic alloys. Therefore, in this
paper, the microstructure of AlSil0.5 alloys in both
metamorphic and non-metamorphic states is studied. The

nucleation and growth characteristics of eutectic (cluster)
bodies during the solidification process are revealed by
thermal analysis without metamorphism, and the
nucleation law of nondeforming is analyzed by EBSD
techniques.

Experimental procedure

The test material is an AlSil0.5 alloy, and its
chemical composition is shown in Table 1. The Al-10 wt.
% Sr aluminum was used as a modifier, and the chemical
composition is shown in Table 2.

Table.1 Chemical composition of AlSil0.5 alloy (wt. %)

Si Fe Cu Mn Cr HE Al
10.2 0.2 <0.01 <0.01 <0.01 <0.05 RE
Table.2 Chemical composition of Al-10 wt. % Sr alloy (wt. %)

Sr Fe Cu Ti Mn 7Zn Al
9.76 <0.02 <0.01 <0.01 <0.01 <0.05 RE

Two sets of samples were prepared in this test,
which were non-degraded samples and metamorphic
samples. Sample preparation is as follows:

(1) Non-deteriorating sample: Before smelting, take
2 kg of AlISi10.5 raw material into the crucible, then put
the crucible into GR2-5-10 well type crucible melting
aluminum furnace; when the temperature to 750°C then
the heating is stopped, hexachloroethane is used for
degassing and slagging, and the molten aluminum is
allowed to stand for 20 min until the aluminum liquid is
cooled to 730 °C and cast into a metal mold of ¢22
mmx45 mm. The preheating temperature of the metal
mold is 200 °C.

(2) Deteriorating sample: According to the smelting
step of the non-degraded sample, first melt 2 kg of
AlSi10.5. When the temperature of the molten aluminum
reaches 750 °C, use hexachloroethane to degas the slag,
and wrap it with aluminum foil 0. 4% Al-10 wt. % Sr
modifier is pressed into the aluminum liquid and fully
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stirred. The liquid aluminum is allowed to stand for 20
min until the aluminum liquid is cooled to 730 °C and
cast into a metal mold of 22 mm x 45 mm. heat the mold
to 200°C.

Metallographic analysis of non-degraded samples
and metamorphic samples; DSC analysis of non-
degraded samples; SEM and EBSD analysis of non-

metamorphic and metamorphic samples.

Results and Discussion
Alloy microstructure analysis

Figure 1 is a microstructure of a modified and
unmodified AlSi10.5 alloy. From Fig. 1(a), it can be seen
that the primary a-Al dendrite of the undeformed alloy is
coarse and has a diameter of about 50-300 um. After the
addition of Sr, the primary o-Al is changed from
undenatured dendrite to near-spherical. The size is about
20-40 um, as shown in Figure 1(b).

Figure 1 — Microstructure of alloy
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Thermal Analysis of Non-deformed AlSil10.5 Alloy

The thermal analysis method is currently the most
effective means to study the refinement, modification and
prediction of melt processing quality of Al-Si alloy melts.
Thermal analysis is a reflection of the interrelationship
between latent heat of phase change during the
solidification process and external heat dissipation of the
system. From the thermal analysis curve, the
precipitation temperature and time of the phase in the
solidification process can be obtained.

Figure 2 shows the thermal analysis of an
unmodified AlSil0.5 alloy. The dT/dt curve reflects the
change of the cooling rate with time, and can better
reflect the nucleation and growth of the phase in the
solidification process. The point A to point N in the
figure is the precipitation of the primary dendrite o-Al
phase; as the primary dendritea-Al phase begins to
precipitate, | dT/dt | changes over time to the zero line,
| dT/dt | =0, that is, point B in the figure, indicating that
in this process, a large number of a-Al phases of primary
dendrite are precipitated and the system is momentarily
balanced. Point B to point P, | dT/dt | increase with time
( | dT/dtl= 0.38), indicating that the latent heat of phase
change is relatively less, and the precipitation of primary
dendritea-Al phase is smaller than before. Its growth has
entered the middle and late stages. It is worth noting that,
between PQ, |dT/dt|appr0aches the zero line again
(that is, the latent heat of phase change slightly
increases). This indicates that in the PQ segment, besides
the precipitation of the primary dendritea-Al phase, there
must be new phase is precipitated and grown. As far as
the composition of the alloy is concerned, the main
impurity element is Fe, and it can be considered that the
new precipitated phase is mainly a Fe-rich phase
precipitated before the pre-eutectic. The NG section is a
large number of eutectic nucleation processes. Point N is
the eutectic nucleation temperature Tn; point M is the
(Tmin) temperature. The
nucleation temperature Ty and the eutectic growth
temperature Tg are the first extraordinary change points
of the dT/dt curve before and after the re-growth
temperature Twmin, and correspond to the T-t curve to find
the corresponding eutectic transition characteristic
temperature. At the beginning of the eutectic growth
temperature (i.e., point G, Tg), a slight increase in
temperature was observed at T-t, indicating that a large
number of nuclei formed at the eutectic stage began to
grow; A eutectic plateau then emerged, and the latent
heat of phase transition from eutectic precipitation and
the heat dissipation of the system reached a dynamic
equilibrium. The results of thermal analysis indicate that

eutectic retinal eutectic

the Fe-rich phase in the melt may have a great influence
on the nucleation behavior of eutectic Si.
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Figure 2 — The curve of thermal analysis of AlSi10.5
with unmodified

EBSD Analysis of Unreformed and Modified Alloys

Figure 3 shows the SEM morphology and EBSD
analysis of unmodified AlSil10.5 alloy. It can be seen
from the figure that comparing the different eutectic
regions indicated by lines 1 and 2, the line 1 area is white,
which means that this area (same color) may be the same
eutectic group. The same line 2 is pink, and this area may
also be the same eutectic group. The eutectic group
(including eutectic silicon clusters formed by its frequent
bifurcation) refers to a region composed of a eutectic Si
grown from a nucleus and a phase coupled thereto. In the
non-altered Al-Si alloy, the leading eutectic Si phase is
prominently grown and extends into the liquid phase, as
its frequent bifurcation forms the skeleton of the eutectic
group. The shape and size of the entire eutectic group are
determined by the growth and branching characteristics
of the leading Si phase in all directions. Under metal
casting conditions, the leading phase extends in a single
phase, and the eutectic group tends to be columnar, as
shown in Fig. 3(a). If the leading phase grows uniformly
in the anisotropy, the eutectic is spherical.

For the different eutectic regions shown in lines 1
(white) and 2 (pink), since the silicon crystals show
different colors, the crystal orientations of eutectic Si are
not the same, i.e., there are different crystal orientations.
Both crystal defects and bifurcated growth may cause
changes in the orientation of silicon crystals. Therefore,
the crystallization orientation of the eutectic a in the same
eutectic is obviously not the same, because the lagging
eutectic o phase must adjust the growth orientation or re-
nucleate growth on the silicon phase to satisfy the two
phases coupling growth. This feature can be clearly seen
in Figure 3(b).

Due to this feature of the eutectic, it is difficult to
determine the range of eutectic clusters from the EBSD
diagram. However, in the EBSD image, it can be seen
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that the color of the 1 region is the same, then the
orientation of the primary crystal a-Al of the 1 region and
eutectic o is the same, that is, the eutectic can nucleate
directly on the primary crystal. The color of the region 2
is not the same, i.e., the orientation of the a-Al of the
primary crystal and the a of the eutectic are different, and
the eutectic nucleus is likely to nucleate between the
dendrites.

T ——
Stage x, y, Z
-2137.00, -146?.00_ 1000

e

Figure 4 shows the SEM morphology and EBSD
analysis of the modified AlSi10.5 alloy. From the line 1
and 2 in Fig. 4(b), it can also be seen that the eutectic
nucleus is heterogeneously nucleated on the primary
crystal and interdendritic. This shows that for

hypoeutectic Al-Si alloys, both metamorphic and non-
metamorphic eutectic nucleation exist both in primary
crystals and in interdendritic heterogeneous nucleation.

e
R
Pt
i

Figure 3 — SEM&EBSD analysis of AlSil0.5 with unmodified:
a— SEM (Secondary electron); b — EBSD Mapping

Figure 4 — SEM&EBSD analysis of AlSil10.5 with 0.04%Sr modified:
a— SEM (Secondary electron); b — EBSD Mapping

Conclusions

1. The primary a-Al phase in the AlSil0.5 alloy
modified by 0.04% Al-10 wt. % Sr is more rounded and
the size is much smaller than that of the non-degraded
AlSil0.5 alloy.

2. TItis known through thermal analysis that the Fe-
rich phase in the melt may have a large influence on the
nucleation behavior of eutectic Si.

3. For hypoeutectic Al-Si alloys, eutectic
nucleation exists both in primary crystals and in the
interdendritic heterogeneous nucleation, both with or
without deterioration.
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Anxy YUen

MaricTtp TeXHiKH, HapsIMOK JAOCHIDKeHb: MalIMHOOY nyBanHsl, orcid.org/0000-0002-6022-9793
Anvuencokuil norimexuiyHuil koneooic, Llkona aemomobinvrol inocenepii, Anusn 224005, Kumaii
endeii Yikoy

Marictp imxeHepii, HaNPsIMOK TOCITIIPKEHB: MaTepial 3 Meraiy, orcid.org/0000-0002-5459-9130
Arvuencokuil norimexuiyHutl koneooic, Llkona aemomobinvrol inocenepii, Anvusn 224005, Kumaii;
Yuisepcumem Cyuorcoy, wixona uagyny ma uasyny, Cyuscoy Llzancy 215137, Kumaii;

1[z3ancy denounix Enexmpomexaniuni mexnonoeii JImo Lzane Lzancy 224731, Kumaii

JOCJIKEHHS EBTEKTHYHOI HYKJIEAIIL TA MEXAHI3MY POCTY CILIABY AL-SI

Anomaujia. Binapni esmexmuuni nepemsopenns Al-Si, 3ameepoinns, wjo 8i0bysaomucs 8 npoyeci 3apooACeHHs KPUCMAanie
ni3HbOI egmekmuKuy (KIimuHu), emekmuine 3apOOdHCEeHHs MA 3POCMAHHA, MAIOMb NPAMUL 6NU6 HA (OPMYSAHHA OedeKmie
(makux saK: ycaoxa, mepmiuHi mpiwunu mowo) ma po3nooil eiemMeHmis i cnoiayku, oomiuwiox mowjo. Y yiti pobomi ananisy
MiKpocmpykmypu cniagy 3 moougikayielo Sr, a maxojc mepmiuHuil aHani3  GUKOPUCMOBYBAAU 0Nl BUMIDIOBAHHS
HeMOOUpikosanux cniagis, 0 aHanizy cniagy 3 pisnum cmamycom suxopucmosysanu EBSD. Pesynomamu noxasanu, wo: ons
mexnonoei EBSD, nesanexcto 8i0 moeo, moougixoseana uu ne Moou@ikoeana, mu cnocmepiean, wo icHye HyKieayis eGmeKmuxu
Ha NepeuHHOMY OeHOpuUmi ma HeoOHOPIOHICMb Midic denopumis, i Sr mac icmomuuil énaue na nepeunnuil o-Al, ocnosny a-Al gpaszy
6 cnnagi AlSil0,5, moougixosanomy 0,04% Al-10 mac. % Sr binvwe 3axpyerenuil i mac nabazamo menwul po3mip6 Hidxc
Hemoougirosanuti cnias. Fe mae eenuxuii 6niug na 3apoodicenns esmexmuxu Si.

Knrwwuoei cnosa: cnnae Al-Si; EBSD; esmexmuuna HyKkeayis
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A 12-BIT 250 MS/S SINGLE-CHANNEL PIPELINE ADC WITH 81 DB SFDR
IN 0.13 UM CMOS

Abstract. A 12bit 250-MS/s pipeline ADC is presented and fabricated in 0.13um CMOS process. A power
efficient bootstrap switch with a buffer is proposed for high speed considerations. It utilizes a source
Jollower to insulate the residue amplifier and the large capacitor in the bootstrap switch. Techniques of
lightening load capacitance of each stage are proposed to speed up the corresponding residue amplifiers
(RA). A clock generator and optimized timing are proposed to achieve low jitter and improve sampling
linearity by saving more time for the input switch. The reference buffer and clock buffer are both fully
integrated. The signal-to-distortion-and-noise-ratio (SNDR) is evaluated adopting a proper scheme and
verified by the measured results. The measured SNDR is 63 dB and spurious free dynamic range (SFDR)
is 81dB with 39 MHz. The core area is 2 mn’ and the ADC consumes 160 mW at 1.3V.

Keywords: pipeline ADC; bootstrap switches; reference buffer; clock buffer; timing

Introduction

In recent years, mobile communication systems
require high performance ADCs to achieve over 80dB of
SFDR at 100-300MS/s. Pipeline ADCs are the proper
architecture of choice in such applications due to the
balance of speed, resolution and power [1]. Time
interleaved architectures have been commonly used to
realize 250MS/s. However, these structures suffer from
offset, gain, timing and bandwidth mismatches, which
introduce spurs that limit the SFDR performance.
Amplifier-sharing or capacitor-sharing is an effective way
to improve the power efficiency of pipeline ADCs,
however, the memory effects and cross-talk between
successive stages degenerate the AC performance as well
[2]. Switch-RA technique is also inadequate for high speed
applications because of its turn-on time [3]. The 12 bit
250MS/s ADC in this paper is designed without the above
techniques. A bootstrap switch with a buffer is proposed to
save power. The load capacitance of each stage is also
lightened to speed up the settling of residue voltages. A
clock generator with low jitter is proposed and the timing
of the ADC is optimized to improve sampling linearity.
Based on PSS and Pnoise tools, the noise contributions of

multiplying digital-to-analog (MDAC) and clock buffer
are easily simulated. The ENOB is then easily calculated
and further verified by the factual chip.

Circuit Design

ADC architecture

Fig. 1 illustrates the block diagram of the proposed
ADC with a dedicated sample-and-hold amplifier (SHA),
11 pipeline stages and one 2-bit flash ADC. The flip-
around S/H and 1.5bit/stage MDAC have the largest
feedback factor, which is beneficial for fast settling of the
residue. The ADC core works under 1.3V power supply
rather than the traditional 1.2V without increasing the
obvious power. The power consumption for a single-
stage OTA is as the following equation [4]:

P o ETXSNR 1)

aVda
When the power supply of the RA raises by 100mV,
the overall power consumption decreases actually.

Additionally, the switch-capacitor part contributes plenty
of power consumption as well. The on-resistance of a
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