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Figure I. Schematic diagram of transferred and cleaved Sic (left) and RBS-channelinp spectra of 
the transferred Sic film (right) _._ H* implant damage polished off before analysis. 

the deactivation of electrical carriers in material with typical doping concentrations of 10’7-IO’x 
atoms/cm’. 

Previous work (with Si) shows that the process to cleave a thin film by hydrogen 
implantation followed by a thermal cycle is a combination of hydrogen chemistry and physical 
processes. The implant results in the formation of platelet-like microvoids which. during 
subsequent anneal, expand~dtie to gas pressureof excess hydrogen. This links the microvoids 
into a continuous~ fracture,~~~cteaving a thin film from the bulk wafer.’ The use of H+-implantation 
to affect transfer of a thin film from a bulk Si wafer was based upon observations of bubbling and 
exfoliation of implanted Si wafers after annealing.J.5 

The effects of ion-induced damage on the efftciency of the transfer process and its 
dependence on H’ dose are demonstrated by observing exfoliation of Sic following H’- 
implantation and anneal. Means to control damage independently of H dose are demonstrated 
with elevated-temperature and channeled implantation. It is proposed that channeled 
implantation generates less residual damage from the surface to at least halfthe projected range; 
l/2R,, of the implant simply because crystalline axes of Sic are aligned with the H’ beam. 
decreasing the cross section for ion-solid collisions. The elevated temperature implants affect in- 
situ. dynamic annealing in order to control H+ implant damage in Sic. 

ESPERMENTS and RESULTS 

Random vs. Channeled H+-implantation 

Experiments to measure damage and exfoliation of Sic as a function of H dose were 
accomplished using bulk Sic samples, 4H polytype. supplied as research grade material by Cree 
Research. They were implanted with 60 keV H’to doses ranging from 2.5 x10’” to 10.5 x10’” 
atoms/cm’. Samples were tilted 7” from normal to affect random beam alignment. Additional 
samples were implanted with the H+ beam aligned to [IOOO] axes to affect channeled implants 
over the same dose range. Damage analyses were accomplished by Rutherford backscattering 
(RBS)-channeling using a 2.3 He’ ion beam aligned with [ IOOO] axes nomial to the surface of the 



sample. Bachscattered ions \vere dctccted at 160” rel;lti\~e to the incident beam using a solid 
state. surlitcc barrier detector. Samples \I ere tllc11 annealed in order to cause t’foliation of thin 
SiC from the bulk material. The amount of exfoliation 11 as r\~aluatcd usins optical microscop!. 

Figure 7 shovvs RBS-channeled spectra for three of the samples from the set gencratcd to 
evaluate the effects of implant damage 011 esfoliation for randnnl-implalltcd H-. The spectra 
represent as-implanted samples at room - or ambient - temperature (RT). These spectra shop 
that damage to the Sic at the projected range. R,. increases with the H- implant dose. The 
scattrrin~ Fields near l/2 R, are also progressiv~ely. greater (as a function of dose) than the y.ield 
from the \,irgin reference sample indicating the presence of ion-induced. residual damage at this 
location in all the samples. This is possibly. due to displaced atoms that either dechannel or 
d~irectly baokscntter the incident Hc* ions, Analysis by positron annihilation spectroscopy (not 
shown) indicates the presence ofopen VOILIIII~ defects. the result ofdisplaccd at<jms at 
concentrations below the sensitivity of RBS. Such defectivity may be responsible for 
deactivating intrinsic carriers in Sic as previously reported for similarly implanted material.” 

Following RBS characterization. all samples were subjected to 950°C. I5-minute anneals. 
then optically imaged using a microscope with Nomarski contrast. Figure 3 shous a portion of a 
series ofoptical micrographs produced to observe exfoliation of Sic as a function of dose for 60 
keV H’ implants done at RT. During the 950°C. l5-minute anneal. bubble fomiation occurs as 
the H’ dose approaches 4.5 x IO”/cm’. as seen in the optical microgaph [Figurr 3(a)]. (Samples 
implanted with small increments of dose between 2.5 x10” and 4.5 x10’“/& revealed that the 
critical dose to produce exfoliation is very near 4.5 xlO’“/cm’.) Evidence for material removal or 
exfoliation of the 4.5 xlO’“/cm’ sample is clearly seen in Figure 3(a) by the appearance of broken 
bubbles. The amount of exfoliated surface material maximizes near a dose of 5.5 x I @‘/cm’ 

F, twine 3(b)]. but at higher doses exfoliation decreases as seen in Figures 3(c) and (d). indicating a 
retrograde effect of the 60 keV Hf implant to doses greater than 5.5 xlO’“/cm’. 

The information conveyed by the images in Figure 3 is represented graphically in Figure 4 
which shows the percentage of area that exfoliates following the 950°C anneal. Two sets of data 
are graphed. one for the randomly implanted samples and one for channel-implanted samples. 
One sees that channeled implants shift the onset ofexfoliation (as well as maximum exfoliation) 
to approximately I x10’” lower dose than the random implants. Furthermore. the maximum 

Figure 2. RBS-channclcd spectra for Si in 
60 keV H’-implanted Sic. Three dosages 
shown are 4.5 x10’“. 6.5 x10’“. and IO.5 
x10'"/cm2. ReTerence spectra include the 
aligned yield from nonimplanted (virgin) Sic 
and the randomized yield from an implanted 
sample. 
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Figure 3. Nomarski optical micrographs of SiC implanted with 60 keV H’ to dose 
(a) 4.5 x10’“, (b) 5.5 x1016, (c) 6.5 x1016, and(d) 8.5 x10iG/cm2, after furnace annealing at 
950°C for 15 minutes. 

exfoliated area increases from 37% for the random implant (dosed 5.5 xlO”/cm*) to 69% for the 
channeled implant (dosed 4.5 ~lO’~/crn~). The rate of retrograde behavior of exfoliation appears 
the same for both random and channeled series, 

SIMS depth profiles of hydrogen in random and channel-implanted samples are shown in 
Figure 5. Each of the samples was implanted with 60 keV H+ to 2.0 x10LG/cm2, then annealed. 
The dose was held low enough to prevent exfoliation of the Sic during the anneal. The profiles 
show that the channeled implant has slightly greater range than the random implant. More 
significant, though, the retained hydrogen concentration measures almost three times greater for 
the channel-implanted sample. 
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Percentage ~of area of 
exfoliated Sic as a function of 
60 keV H implant dose. Two 
sample series graphed, one which 
was implanted in a random 
direction and one implanted with 
samples aligned to [ IOOO] axes. 

Figure 5. SIMS profiles of 60 keV- 
implanted hydrogen, 

dose =2 ~lO’~/an~, 
following anneal at 950°C for 
15 minutes. 
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exfoliation or thin-film transfer. One anticipates that substantial lattice damage may inhibit the 
formation of such macroscopic regions by hindering or stopping the propagation of the 
microcracks and thus preventing them from forming an interconnecting nchvork. 

The present work demonstrates the ability to control ion-induced damage independently from 
the implant dose by elevating the temperature of a sample to 600°C during the implant in order 
to dynamically anneal the Sic and potentially reduce the damage relative to an implant performed 
at room temperature. The RBS data show a significant reduction in residual damage (From the 
surface tol/ZR,) for the hot implant. The optical micrographs indicate that implanting hot also 
allows a substantial reduction in critical H dose needed for cleaving the thin Sic tilm. resulting 
with further decrease in damage, 

Channeling the H’ implant dramatically enhances the process of exfoliation. Measurements 
of exfoliated area from optical images indicate more robust exfoliation with lower dose relative to 
random implantation. The SIMS results suggest less out-diffusion of hydrogen during anneal. but 
increased diffusion into the bulk (below RP) in the channel-implanted sample. This in turn 
suggests unique damage morphology at Rr which is not entirely understood. 

It appears possible for damage in Sic to reach a concentration great enough to disrupt the 
formation of a continuous network of cracks, This conclusion is supported when damage is 
controlled independently of hydrogen concentration, either by elevating the temperature of the 
Sic during implant, or by channeling the hydrogen, or, quite possibly both. Each of these 
methods allows a reduction in critical H+ fluence required to affect separation of a thin film and, 
therefore, may provide high-quality SiCOJ mater&. 
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