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ABSTRACT: The growth of >100m-thick diamond layer:

adherent on aluminum nitride with low thermal boundz
resistance between diamond and AIN is presented
work. The thermal barrier resistance was found to be if
range of 16 AK/GW, which is a large improvement on tf
current state-of-the-art. While thitks failed to adhere orfig

30 State-of-the-art TBR«(Si,N layer) 1

untreated AIN Ims, AIN Ims treated with hydrogen 7

nitrogen plagma retalr_1ed the thick diamond layers. GIga! giamond on ALN with

di erences in -potential measurement con surface lowest thermal boundary 15[ This work

modi cation due to hydrogen/nitrogen plasma treatmerfisistance of 16 m2K/GW. 5 10 15
An increase in non-diamond carbon in the initial layers of Treatment time (Min)

diamond grown on pretreated AIN is seen by Raman
spectroscopy. The presence of non-diamond carbon has mattra ¢he thermal barrier resistance. The surfaces studied

with X-ray photoelectron spectroscopy revealed a clear distinction between pretreated and untreated samples. The surfac
aluminum goes from a nitrogen-rich environment to an oxygen-rich environment after pretreatment. A clean interface between

diamond and AIN is seen by cross-sectional transmission electron microscopy.
KEYWORDS:diamond, aluminum nitride, thermal barrier resistance, diamond seeding, diamond growth

1. INTRODUCTION may be suitable for sudms. For cost-ective, direct-growth

High electron mobility transistors (HEMTs) made from Wafer scale ilmplemer:tation ”(_)f diamond as a thermal
gallium nitride (GaN) are attractive for high-power andlanagement layer, polycrystallimes need to be used.

high-frequency applicatidfsStill, the full potential of GaN This is due to the fact_that itis pOSS|bI_e to grow large-area
HEMT devices is yet to be realized due to less teative Wafer-scale polycrystalline dlamdm!ld, which is not the case
thermal management. It has been shown that slight changed@b Single crystals. Furthermore, it has been shown that the
the operating temperature of these devices can lead to@%erage through-plane thermal conductivity ofri@bick
signi cant reduction in device lifetiffeCurrent standards for ~ Polycrystalline diamontins exceeds the thermal conductivity

e ective thermal management in GaN devices entails ttff SiC by >3 times, which is required for a step-change in GaN
structures to be made from GaN grown on silicon carbiddevice thermal managgnjlént. _ .

(SiC)>® Though SiC has a thermal conductivity <f For fabrication of Gabtliamond devices, the d|§1mond can
3605490 W/mK,’ resulting in good device performances,P€ grown on GaN, or GaN can be grown on diamond. The
further improvement can be made if the SiC layer is replac8fowth of GaN on diamond is possible only on single-crystal
with diamond substratesp, 2100 W/mKE for single  diamond and has led to promising devicés8ut, the high
crystal and 1200 W/mK®>** for a 100-m-thick polycrystal-  cost and small size of single-crystal diamond make them
line diamond layer (averaged through the nucleation layer thattractive. In the past, polycrystalline diamond has been
growth surface)]. Another approach can be to use large-area

heteroepitaxial diamonlins which can be grown by chemical Received: August 4, 2019

vapor deposition on iridium substr&té$.But since they  Accepted: October 11, 2019

cannot be directly grown on AIN, only a wafer-bonding routeublished: October 11, 2019
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grown on GaN with ber layer$;’ but the low thermal transmission electron muscopy (STEM). Finally, the
conductivity of the amorphous SiN adhesion layer is known thermal barrier resistance (TBPRwas measured using
be a thermal bottlenetkRemoving this thermal bottleneck transient thermorectance measurements.
between GaN and diamond will enable the full heat extraction
potential of GaN-on-diamond to be realized. Alternatively, thé RESULTS AND DISCUSSIONS
growth of thin diamond layers directly on GaN stitfaas 2.1. -Potential of AIN Thin Films. The AIN layer used in
been shown. However, it is not possible to grow a thickis study was grown on 150 mm Si substrates in an Aixtron
diamond layer (>10m) on GaN due to the absence of any close-coupled showhead nSetajanic chemical vapor depo-
carbide bond between GaN and diamond layers and largiion (MOCVD) system. Trimethylaluminum (TMAI) was
di erences in their thermal expansion cieats. It has also used as the Al source and ammoniag(Nikds used as the
been shown that GaN grown on sapphire is unsuitable fitrogen source in hydrogen carrier gas. The single-crystal AIN
growth of thick diamond layers due to the thermal mismatchm is grown with (0001) orientation and has an Al-polar
between diamond and sappHirdowever, diamond can be growth surface. An indication of the crystal quality of the layer
grown on AIN:' This oers the possibility for a much is given by the X-ray fwhm of the (0002) and {)Lp&aks,
improved GaN-on-diamond material structure. An AlNwhich have values of 3300 and 5500 arcsec, respectively. The
interlayer could be incorporated into a GaNebustack, high X-ray fwhm values of the AIN are dominated by the large
grown onto, for example, a Si substrate. The Si substrate alimglane lattice mismatch between the AIN and Si substrate,
with the AlGaN-based strain-relieving layers, needed for ttadich requires a high density of migdislocations at the
growth of GaN onto Si, can be removed and a selective etitherface. The-potential measurements were made in order to
can be used to expose the embedded AIN interlayer. The thidstermine the charge of the AIN surface in water as a function
diamond substrate layer can be grown onto the back of tlé pH. This is important, as it allows the determination of the
AlGaN/GaN device layers for optimal heat sifkiie note most eective seeding solution, i.e., the necessary charge on
that there is also an AIN layer just at the interface between ttiee diamond nanoparticles in order to drive electrostatic
Si substrate and GaN, though its utilization would not battraction. The results of thepotential measurements are
useful in this context due to the high thermal resistance of tl#own irFigure 1 The -potentials as a function of electrolyte
AlGaN strain-relieving layer as was previously demonstrated.
In this work, the growth of a thick (>108) diamond layer 40
on 250-nm-thick AIN layers has been successfully demon-
strated and a possible model of its growth developed. The 201 — AIN As Received
thermal barrier resistance of the interface was also measured —— AIN H2/N2 Treated
and found to be much improved compared to state-of-the-art or - AN H2 Treated
GaN-on-diamond material. In the past, there have been
attempts to grow thin diamond layers on AR but the
growth of >50-m-thick layers has not been demonstrated.
The growth of diamond on an AIN surface by microwave
plasma chemical vapor deposition also exposes the surface to 60
hydrogen and methane plasma. Pobedinskas®ehaall.
studied the eects of hydrogen and methane plasmas on .80} . . K
sputtered AIN. They found that tHens can be etched when 5 P 7 8 9
exposed to plasma for long periods of time. Once the diamond pH
Im is coalesced, the AIN Iager should be protected by t

Z 20t
>
40 |

. . r’Iglgure 1. -Potential vs pH for as-received AIN and the same sample
diamond layer. Cervenka ef’ahad studied the ect of after pretreatment withfl , plasma for 10 min. A clear increase in

hydrogen plasma on the nucleation density and surfagggative-potential can be seen after treatment, indicating an increase
morphology of diamond gva on single-crystal AIN. i oxygen content on the surface. Fpetentials of the AIN surface
Similarly, Pobedinskas et'alescribed a method to enhance after H plasma treatment and oxygen ashing are also presented. The
the seeding density on AIN. In the literature, there are othehanges in-potential for these treatments are not as large a¢ for H
examples of plasma pretreatment on various other substrdtgplasma at pH 7.
for nucleation modtation; in most cases, it has been done to
enhance the nucleation den$ity’ The growth of thick
layers on as-received AIN was not possible initially wheyH of the as-received AIN substrates and AIN substrates
untreated as-grown AIN surfaces were used, but after surfaeated with BHIN , plasma, kiplasma, and plasma were
treatment (hydrogen/nitrogen plasma exposure before seadeasured. #N, plasma pretreatment was needed for
ing) it was possible to grow thick layers on AIN thirs. successful growth of a thick diamond layer on AIN. For
Here as-receivedims refer to Ims that were not pretreated comparison, the-potentials of KHplasma- and £plasma-

prior to diamond seeding. Theotential of the AIN surfaces treated AIN surfaces were also measured. The main point of
before and after treatment has been measured. X-rayerest for seeding is thgotential in the pH range o8 B.
photoelectron spectroscopy was done to analyze the treafHuis is the pH range of the diamond solution. In this range, the
and untreated surfaces. Atomic force microscopy (AFM) waspotentials for samples treated witlpldlsma and {plasma

used to observe the diamond seeds on the surface of ttemain close to that of the as-received substrates, staying in the
substrates. The Raman maps have been taken of thin diameadge fron$30 toS35 mV. In contrast, thepotential of B

Ims grown on as-received and pretreated AIN to determiré,-plasma-treated substrates is enhanced and it is between
the interface composition. The interface was imaged a®#0 andS45 mV in the pH range of interest. Since an
electron energy loss spectroscopy was done using scanmhgervable change ipotential was only seen in the case of
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Figure 2(A) The ratio of O 1s and N 1s to Al 2p on the surface of WiNbefore and after plasma treatment. (B) The ratio of AlO to AIN peaks

in the XPS data. The peaks have been determined by deconvoluting the Al 2p peak in the spectra. (C) A survey spectra for an AIN sample. T
vertical lines mark the positions of peaks of interest. (D) Al 2p peak for as-received and 10-min-treated samples. The observed data have b
shifted by axed amount to show the individutéd (AIN, AlO, and Al) peaks.

H./N , plasma, only samples pretreated with this recipe weod the samples is shown. The vertical lines have been drawn to
extensively studied. mark the positions of Al 2p, C 1s, N 1s, and O 1s peaks. The

The Ims were then seeded with both H- and O-terminatecdoomed in Al 2p peaks from the as-received and 10-min-
seeds. The H-terminated seeds are known to have pesitivetreated samples are showrrigure B. A clear increase in
potential, while the O-terminated ones are negatively chargeahtribution from the AIO component can be seen in the
in water® Hence, for high seeding density H-terminated ompretreated sample. The observed spectra have been purposely
positively charged diamond seeds on the negatively charghifted to show the individuated curves.
AIN layers’ need to be used. O-Terminated seeds were also For deconvoluting the Al 2p peak, three components were
used to cross-check the validity of the measurements. Thickosen, AIN, AlO, and Al. While none of the samples showed
diamond layer was grown on both O- and H-terminated nandhe presence of Al on the surface (green cuRiglire D),
diamond treated samples. The thick diambmnsl grown on  the AIN and AlO species had varying concentrations. There is
as-received AIN, treated with both types of seeds, delaminatedvide range of values available for such peaks in the
immediately after growth. Hence, a pretreatment of the Alliteraturé’™*°the values from Alevli efalvere taken as our
layer was devised to increase adhesion. It was found tlsédrting point. On the basis of this, certain constraints to the
diamond grown on pretreated samples seeded with Qalues of AIO and Al peaks with respect to the AIN peak were
terminated seeds managed to adhere to the AIN layer. Ttassigned. The AIO peak was constrained to be at +1 eV from
suggests that lower seeding densities may be useful for makirgAIN peak, and the Al peak was constrained to3@e9at
a thick, adherent layer on AIN. The high quality of theeV from the same peak. All the four samples were analyzed
diamond grown on the pretreated AIN was demonstrated usinging this method, both before and after cluster etching. The
Raman spectroscopy and SEM $&emoorting Informatign peak position for AIN was found to be #3@B3 eV and that

2.2. Surface Analysis by X-ray Photoelectron Spec- for AIO was 74.% 0.3 eV, which is in good agreement with
troscopy. XPS measurements were performed to study thpublished data.
origin of the -potential previously measurédure 2shows To see the e=cts of pretreatment, the total intensities of
the ratios of various species on the surface ofrAf\before  various peaks in the XPS data were compaFéguia A the
and after pretreatment. For the analysis of the spectra, thetios of O 1s and N 1s peaks to Al 2p peak have been
charge correction was done with respect to the adventitioauempared. While the N 1s to Al 2p ratio goes down, the ratio
carbon peak at 285 &¥! After the correction, the O 1s peak between O 1s and Al 2p goes up. This is a clear indication that
was found to be at 53120.4 eV. The data were taken on the surface Al goes from a nitrogen-rich environment to a more
both as-received as well as samples that were argon-clusigygen-rich environment. To see the relative concentrations of
etched in situ to get rid of surface contaminants. In panels NO and AIN, the two species have been compakFeéglime
and B of~igure 2the data for cluster-etched samples only ar@B. It is clear that the surface is predominantly nitrogen-rich,
shown. In panel C of the sang@re the survey spectra of one but after the treatment, the surface has almost 25% oxygen.

40828 DOI:10.1021/acsami.9b13869
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This may seem counterintuitive, but the sample is exposeddiearly show the dirence between the H- and O-treated
air between pretreatment and seeding with nano-diamorsdibstrates. The estimated seeding density based on AFM
solution, hence the increase in oxygen content after pretremhages is 10" cnv? for H-terminated diamond seeds and
ment. The increase in the oxygen content at the surface is alsb®® cnr? for O-terminated diamond seeds. A number of
validated by a decrease-potential of AIN Ims before and seeded wafers were used to grow diamond layers of varying
after treatment. The ratios of O 1s and N 1s to Al 2p for thehicknesses. Thin diamond layers (50 nm) were used to study
other treatments have also been measured. The results tloe initial stages of growth by Raman spectroscopy. Layers
those are presented in thepporting Informatiofter the around 1-m-thick were used to study the Btiamond
pretreatment, the samples were seeded with nano-diamanterface by TEM and thick diamond layers (>h@0were
seeds and were imaged with atomic force microscopy. nally characterized for their thermal properties.

2.3. Seeding Density Using Atomic Force Microscopy. 2.4. Carbon Con guration in Early Growth Stage.
From the -potential results, it is clear that H-terminated Raman measurements were performed in order to investigate
diamond seeds, which are positively charged in water, shotlid carbon comuration in the early stages of growth. The
give the highest densities on AIN substrates. The surfaces wReegnan maps of two 50-nm thin diamohds grown on
seeded with both H- and O-terminated (negatively charged pretreated and untreated Allhs were taken to understand
water) diamond seeds. AFM was done on seeded artide diamonS8AIN interface. The spectrum was taken over an
unseeded substrates after plasma pretreatment. The miaicea of 30 30 m. The high-resolution scans were taken
graphs are shown ifigure 3 where the substrates after between 400 and 1600 and from 1230 to 2366 dine
spectra from two dérent scans were joined by normalizing
the spectra with respect to the 133%'aiamond peak™*
The pretreatment in this case was only 10-gikh,Hblasma
exposure before seeding. From these maps, representative
points were selected, and the Raman data from those points
are presented iRigure 4 The red curve is for the sample

Figure 3.AFM images of AIN wafers before (A) and after seeding

with hydrogen (B) and oxygen (C) terminated diamond seed

solution. The wafer was plasma pretreated before seeding.S?anelsHigure 4. Raman spectroscopy data from very thin dianhosd50

F are the line prdes of the left column images, as indicated by thenm) grown on pretreated and untreated AIN. The most common
white line. The images were taken using a Bruker Dimension Icon Ryeaks have been marked on thee.

in PeakForce Tapping mode.

grown on pretreated AIN, and the blue one is for the diamond
pretreatment (panel A) and subsequent seeding vetkrdi grown on untreated AIN. Common diamond/non-diamond
seeds (panels B and C) are shown. Panels D, E, and F are [ieak positions of various components are marked in the graph.
pro les from images shown in panels A, B, and C respectiveBpectroscopy data from multiple areas are presented in the
The white lines in panels A, B, and C show the approximaupporting Informatioto illustrate the homogeneity of the
position of the prde on the image. The AFM images for the data seen iRigure 4
untreated substrates with various seedings are shown in th&he most probable bonding between the diamond and AIN
Supporting Informatios expected, high seeding density forlayer is a carbide bond or cyanide bond. The aluminum carbide
H-terminated seeds (panel B) is seen. The line trace in panepBaks should appear at 718 and 864%rand the cyanide
shows the presence of a large number of seeds on the surfpeaks should appear as a band around 2698%*thin all
On the other hand, the line trace in panel F shows very feaur data, no existence of any peaks or bands is seen. Thus,
seeds. However, on comparison with panel D, it can Harge-scale bonding through formation of carbide- or cyanide-
conrmed that there are some seeds on the surface. Th®ntaining layers is not detectable by Raman, though this may
seeding densities observed are in-line withential results.  be related to the presence of only a very thin carbide layer
The seeded samples were then exposed to growth conditidredow the Raman detection volume. Looking agtlre, it is
in a CVD reactor for 30 s, and the images of the uncoalescedident that there is some sigant di erence between the

Ims are shown in thBupporting Informatiomhe images  non-diamond carbon content in the two thims. The

40829 DOI:10.1021/acsami.9b13869
ACS Appl. Mater. Interfac2619, 11, 4082640834



position oftranspolyacetylene (TPA) peaks at 1150 and 1450
cnt>>along with D (DG) and G (G) peaks at 1350 and 1560
cnt,>® respectively, have been marked. The disordered carbon
peak at 1405 cth linked to graphitic rings, is not present in
these thinIms, and the shift of the G band from 1580 to 1560
cnl is mainly due to switchover of theing system to
chain systems.All the major peaks related to non-diamond
carbon, marked on the Raman spectra, are quite prominent in
the Im grown on pretreated AIN when compared with
grown on untreated AIN. The largeedénce in the non-
diamond carbon content in the initial phases of growth may be
the key to the adhesion of the thick diamond layer on the AIN
surface. Raman was also done on thick diafdmesidn AIN,
and the non-diamond peaks are not evident in that spectra (see
the Supporting InformatipnThis points to two thingsrst,
the non-diamond carbon is present only during the initial
phases of growth, and second, the overall quality of the thick
diamond Im is good, which is likely to have excellent thermal
properties.
2.5. Interface Structure from Cross-Sectional TEM.
The atomic and chemical characterization of thé& AIN
diamond interface was carried out using transmission electigyre 6.(A) Dark- eld image obtained in the same region as the
microscopy (TEM). The samples were prepared using @gh-resolution imageRigure 5and the region where the EELS data
focused ion beam (FIB). An aberration-corrected FEI Titan@ere recorded. (B) Selected EELS spectra taken of the diamond
operated at 300 kV was used for high-angle annulaeldark- (1), at the interface (Il), and of the AIN substrate (lIl); the peaks of
scanning TEM (HAADF-STEM) imaging, and an FEI Tecnainterest are labeled. (C) Plot of the (normalized) intensity of the
Osiris operated at 200 kV was used for electron energy Idggks of interest across the interface.
spectroscopy (EELS). The image of theSdlaAmond

interface is shown ifigure 5 Voidlike features at the giamond and AIN, respectively. In particular, the C K-edge in
the diamond spectrum exhibits only peak, characteristic of
the sp bonding of diamond. The C K-edge in the interface
region, on the other hand, displays a mixturé ahd *
peaks, similar to graphite, which impliést(&p,) bonding®
It should be noted that the Al K-edge in the interface region
was detected, but no N K-edge, which may imply the
formation of thin carbide right at the interface not detected
by Raman. In this speciacquisition, no O K-edge was
detected. Other EELS acquisitions were taken at the interface
between the AIN and randomly oriented diamond crystallites.
In this instance, the behavior was similar to that reported in
Figure 5.HAAD-STEM image of the sample grown using O-treated=igure §apart from an additional O K-edge present at the top
diamond seeds. Holes can be seen in places in the diamond surface of the AINm (but not in the diamond); the presence
originating from the seeding. High-resolution TEM images reveal thgf O at the surface of AIN was also suggested from XPS.
the interface is sharp with no obvious intermediate phase forming2 g |nterfacial and Material Thermal Properties.
ggtweeg Ithg AlNl and th“‘.e duamdonhd. It should ?eh noted fthat therransient thermorelfectance measurements were performed
lamond Im is polycrystalline and the structure of the interface may, 5 acterize the thermal barrier resistance of tie AIN
vary on the basis of the orientation of the diamond seed relative to the . L
substrate. !amond interface and the_ thermal conductivity of the
diamond Ims grown on AINFigure A shows the measured
TBRys benchmark of samples studied in this work against the
interface are clearly visible in the left panel. This is becausestdte-of-the art thermal boundary resistance fT@éRa of
the poor seeding density that arises due to the O-terminat&@haN-on-diamond using/$j as the interlayéf We note that
seeds used in seeding. The right-hand image shows a cldamajority of the GaN-on-diamond resistance arises from the
interface with little clear evidence of any carbide- or cyanidsiN,Sdiamond interface. The experimental details for thermal
containing layers, also absent from the Raman data. This imabaracterization can be found in $Slipporting Information
of the interface is atomically resolved, and that is achievedTihe most relevant of all the samples is the one with 10-min
this region of the sample because the diamond and AIN lattidesatment. The diamond samples grown with the AIN
are locally well-aligned. This alignment is not, however, typicalterlayer demonstrate a greatly reduced thermal resistance,
since the diamondim is polycrystalline and thus not with an average barrier resistance ofK8@W, as shown in
uniformly aligned to the AIN lattice. Figure 7This barrier resistance is low in spite of the voids and
Figure 6shows the electron energy loss spectroscopyon-diamond carbon near the interface. Teetige thermal
(EELS) analysis of the interface recorded at the same locatioonductivity of the AIN interlayer was estimated to be as high
as the data iRigure 5The spectra from the bulk of tHm as 30 W/nK, by the ratio of AIN thickness (250 nm) to
and substrate correspond to the standard spectra expected™BR. this is in contrast toSB W/m-K*® for amorphous

40830 DOI:10.1021/acsami.9b13869
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Figure 7.(A) The AINSdiamond eective thermal resistance (TBRieasured with the TTR technique. TBRa lumped thermal resistance,
associated with the thin AIN layer, AIN/diamond boundary, and diamond nucleation layer. Samples were measured with varying pretreatment tin
(B) The thermal conductivity of the thickl00 m) diamond layer grown on the AIN layer.

SN, commonly used to seed the diamond growth. This is the
reason that the demonstrated diamond-on-AIN approach is so
advantageous for diam8@hN integration. It is to be noted
that bulk single-crystalline AIN can have a thermal conductivity
as high as 400 W/mK:*° the thermal conductivity of a 250-
nm single-crystalline AIN layer in the sample can be estimated
to be about 150 W/ using the moded Deby8Callaway
modef? suggesting that point defects or grain boundaries
reduce its thermal conductivity somewhat. The high-resolution
TEM micrograph of the Adiamond interface shown in
Figure Sillustrates that there will be only a minor amount of
interface roughness phonon scattering at th&didiond
interface due to defects. The minimum TBR achievable at the
AINSdiamond interface from a dse mismatch model
(DMM), relying only upon the density of states in these two
material§! is 0.8 M-K/GW.

The average thermal conductivity of the diamond, TC, is

1200 W/mK (shown inFigure B) for diamond of 100

m thickness. This is comparable to results expected for
polycrystalline diamond of similar thickHe$sis diamond
thermal conductivity measured here is an average thermal
conductivity of diamond through the whole layer thickness;
with the smaller diamond crystalline size near th§ AIN
diamond interface, the thermal conductivity of the diamond
near this interface is typically reddéethe high thermal
conductivity and sharp 1332%¢meak exhibited in the Raman
spectroscopy (see tleipporting Informatiprdemonstrate
the high quality of the diamond growth on AIN by this
approach. This combined with the low thermal barrier
resistance make this approach highly viable for the thermglclosed at the interface (lower panel arféigee . These
management of AIN and GaN devices as well as photonigsids may act to reduce stress and promote adhesion in
structures. combination with the $ponding. However, theskns still

2.7. Growth Dynamics of Diamond on AIN.A possible  exhibit low thermal barrier resistance, and thus, the presence of
model for the adhesion and low thermal barrier resistancaite sp bonding and voids at the interface is not detrimental
demonstrated in this work is showrrigure 8 During the to heat ow. This could be due to the lateral growth of the
initial phase of growth (upper panel), the scattered seeds stdiamond seeds at the interface providing large and abrupt
to grow both vertically and laterally, and there is little to n@ontact between the diamond and AIN, as well as the possible
spontaneous nucleation on areas where there are no diameawitlence of 8IC bonding shown in the EELS (Ségure §.
seeds, as is also withessed on silicon. As the nucleation density
in this work is signtantly below the state-of-the-art (see 3. CONCLUSIONS
Figure 3 1P vs 10" cn?), the areas that are exposed to It is possible to grow a thick (>10) diamond layer on
the plasma without diamond seeds result in someaigiedi AIN. Such a layer could be used for thermal management of
of carbon, but mostly carbon accumulation on the surface. Ti@&aN high-power devices. For successful growth, the AIN layers
carbon is predominantly *dponded, and thus, lower need to be pretreated with 104N, plasma for a minimum
nucleation densities exhibit highéceptent at the interface. of 10 min. The pretreatment has been shown to increase the
Eventually, the lateral growth of the diamond crystals blockgygen content of the AIN surface, thus makingdtential
these regions from the growth plasma, and small voids arere negative. Even though H-treated diamond seeds

Figure 8.Schematic of diamondim growth with low nucleation
density. The initial phase is a mixture of diamond growth on seeds as
well as carbon in-dision in to the substrate.
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