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INTEGRATED CIRCUIT STRUCTURES 
HAVING A BORON ETCH-STOP LAYER AND 

METHODS, DEVICES AND SYSTEMS 
RELATED THERETO 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 11/553,313, ?led on Oct. 26, 2006, Which is 
incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

[0002] The subject matter herein relates to integrated cir 
cuit (IC) structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] FIGS. 1A, 1B, 1C and ID are cross-sectional vieWs 
of a prior art bond and etch back silicon on insulator (BESOI) 
fabrication technique. 
[0004] FIGS. 2A, 2B and 2C are cross-sectional vieWs indi 
cating a method to determine etch-stop ef?ciency in embodi 
ments of the invention. 
[0005] FIG. 3 is a graph indicating relative etch rates for an 
ethylenediamine-pyrocatechol (EDP) Wet-chemical etchant 
as a function of boron concentration contained Within a sili 
con (100) sub strate at different annealing temperatures in 
embodiments of the invention. 
[0006] FIG. 4 is a graph indicating a diffusion constant of 
boron as a function of germanium content at 8000 C. in 
embodiments of the invention. 
[0007] FIG. 5 is a graph indicating full-Width half-maxi 
mum (FWHM) depth of a boron pro?le produced in accor 
dance With the present invention and measured after thermal 
annealing steps in embodiments of the invention. 
[0008] FIG. 6 is a graph indicating boron diffusion depth in 
SiGe:C:B at various anneal temperatures in embodiments of 
the invention. 
[0009] FIG. 7 is a graph indicating boron diffusion pro?les 
and relative depth in a remote carbon method in embodiments 
of the invention. 

DETAILED DESCRIPTION 

General Background 
[0010] Several material systems have emerged as key 
facilitators to extend Moore’s laW Well into the next decade. 
These key facilitators include silicon-on-insulator (SOI), sili 
con-germanium (SiGe), and strained silicon. With reference 
to SOI and related technologies, there are numerous advan 
tages associated With an insulating substrate. These advan 
tages include reduced parasitic capacitances, improved elec 
trical isolation, and reduced short-channel effects. 
Advantages of SOI can be combined With energy bandgap 
and carrier mobility improvements offered by SiHGe,C and 
strained silicon devices. 
[0011] SOI substrates generally include a thin layer of sili 
con on top of an insulator. Integrated circuit components are 
formed in and on the thin layer of silicon. The insulator can be 
comprised of insulators such as silicon dioxide (SiO2), sap 
phire, or various other insulative materials. 
[0012] Currently, several techniques are available to fabri 
cate SOI substrates. One technique for fabricating SOI sub 
strates is separation by implantation of oxygen (SIMOX). In 
a SIMOX process, oxygen is implanted beloW a surface of a 
silicon Wafer. A subsequent anneal step produces a buried 
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silicon dioxide layer With a silicon overlayer. HoWever, the 
time required for an implantation in a SIMOX process can be 
extensive and, consequently, cost prohibitive. Moreover, an 
SOI substrate formed by SIMOX may be exposed to high 
surface damage and contamination. 
[0013] Another technique is bond-and-etch-back SOI (BE 
SOI), Where an oxidiZed Wafer is diffusion-bonded to a non 
oxidiZed Wafer. With reference to FIG. 1A, a silicon device 
Wafer 100 and a silicon handle Wafer 150 comprise the major 
components for forming a BESOI Wafer. The silicon device 
Wafer 100 includes a ?rst silicon layer 101, Which Will serve 
as a device layer, an etch-stop layer 103, and a second silicon 
layer 105. The etch-stop layer 103 is frequently comprised of 
boron. The silicon handle Wafer 150 includes a loWer silicon 
dioxide layer 107A, a silicon substrate layer 109, and an 
upper silicon dioxide layer 107B. The loWer 107A and upper 
107B silicon dioxide layers are frequently thermally groWn 
oxides formed concurrently. 
[0014] In FIG. 1B, the silicon device Wafer 100 and the 
silicon handle Wafer 150 are brought into physical contact and 
bonded, one to the other. The initial bonding process is fol 
loWed by a thermal anneal, thus strengthening the bond. The 
silicon device Wafer 100 in the bonded pair is thinned. Ini 
tially, most of the second silicon layer 105 is removed by 
mechanical grinding and polishing until only a feW tens of 
micrometers (i.e., “microns” or um) remain. A high-selectiv 
ity Wet or dry chemical etch removes remaining portions of 
the second silicon layer 105, stopping on the etch-stop layer 
103. (Selectivity is discussed in detail, beloW.) An end-result 
of the second silicon layer 105 etch process is depicted in FIG. 
1C. 

[0015] During the etching process, the silicon handle Wafer 
150 is protected by a coated mask layer (not shoWn). In FIG. 
1D, the etch-stop layer 103 has been removed using another 
high-selectivity etchant. As a result of these processes, the 
?rst silicon layer 101, serving as a device layer, is transferred 
to the silicon handle Wafer 150. A backside of the silicon 
substrate layer 109 is ground, polished, and etched to achieve 
a desired overall thickness. 

[0016] To ensure BESOI substrates are thin enough for 
subsequent fabrication steps, as Well as meeting contempo 
rary demands for ever-decreasing physical siZe and Weight 
constraints, BESOI requires the presence of the etch-stop 
layer 103 during the layer transfer process. Currently, tWo 
main layer transfer technologies exist, namely selective 
chemical etching (as discussed above) and splitting of a 
hydrogen-implanted layer from a device layer (a hydrogen 
implantation and separation process). Both technologies 
meet requirements of advanced semiconductor processing. 
[0017] In the hydrogen implantation and separation pro 
cess, hydrogen (H2) is implanted into silicon having a ther 
mally groWn silicon dioxide layer. The implanted H2 
embrittles the silicon substrate underlying the silicon dioxide 
layer. The H2 implanted Wafer may be bonded With a second 
silicon Wafer having a silicon dioxide overlayer. The bonded 
Wafer may be cut across the Wafer at a peak location of the 
hydrogen implant by appropriate annealing. 
[0018] The BESOI process described is relatively free from 
ion implant damage inherent in the SIMOX process. HoW 
ever, the BESOI process requires a time consuming sequence 
of grinding, polishing, and chemical etching. 
[0019] As described above, the BESOI process is a manu 
facturing-oriented technique to build silicon on insulator sub 
strates and is partially dependent upon chemical etching. 
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Etch-stop performance is described by a mean etch selectiv 
ity, S, Which de?nes an etch rate ratio of silicon to the etch 
stop layer 

Where R51- is an etch rate of silicon and Res is an etch rate of the 
etch-stop. Therefore, a selectivity value Where SIl relates to 
a case of no etch selectivity. 

[0020] One method to evaluate etch-stop e?iciency is to 
measure a maximum etch step height across an etch-stop and 
non-etch-stop boundary. In FIG. 2A, an etch-stop 203A is 
formed by ion implantation into a portion of a silicon sub 
strate 201A. The etch-stop 203A has a thickness dl at time t:0 
(i.e., prior to application of any etchant). At time t:tl (FIG. 
2B) a partially etched silicon substrate 201B is etched to a 
depth hl. The etch-stop 203A is noW a partially etched etch 
stop 203B. The partially etched etch-stop 203B is etched to a 
thickness of d2. At time t?Z (FIG. 2C), the partially etched 
etch-stop 203B has been completely etched and a fully etched 
silicon substrate 201C achieves a maximum etch step height 
of h2.An etch rate of the etch-stop 203A (FIG. 2A) is partially 
dependent upon both an implanted dopant material as Well as 
an implant pro?le of the dopant employed. From a practical 
point of vieW, the maximum etch step is critical since it 
determines an acceptable thickness variation of the device 
Wafer after grinding and polishing prior to etch back in the 
BESOI process. 

[0021] For example, if a maximum etch step is three (3) 
units, the alloWable thickness non-uniformity of the device 
Wafer after the usual mechanical thinning procedure should 
be less than 1.5 units. The mean etch selectivity, S, can be 
derived from the effective etch- stop layer thickness d l and the 
maximum etch step h2 as 

Where t is the etch time required to reach the maximum etch 
step height h2. In the prior example, t2 is the etch time required 
to reach the maximum etch step height h2. 
[0022] Aqueous alkaline solutions are commonly used 
anisotropic silicon etchants. TWo categories of aqueous alka 
line solutions employed are pure inorganic aqueous alkaline 
solutions such as potassium hydroxide (KOH), sodium 
hydroxide (NaOH), cesium hydroxide (CsOH), and ammo 
nium hydroxide (NH4OH) and organic alkaline aqueous solu 
tions such as ethylenediamine-pyrocatechol-Water (aqueous 
EDP), tetramethyl ammonium hydroxide (TMAH or (CH3) 
4NOH)), and hydraZine (H4N2). Silicon etch rates of all aque 
ous alkaline etchants are reduced signi?cantly if silicon is 
doped With boron in concentrations exceeding 2><l0l9 cm“3 . 
FIG. 3 graphically indicates a rapid falloff in relative etch rate 
as a function of boron concentration using EDP as an etchant. 
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[0023] As detailed above, boron (B) is traditionally pro 
vided via ion implantation. HoWever, problems arise With 
using boron as an etch-stop, as boron diffuses readily in pure 
silicon. Therefore, any etch non-uniformity is increasingly an 
issue as device design rules continue to decline. A boron 
etch-stop layer of the prior art is frequently hundreds of 
nanometers in Width (at full-Width half-maximum (FWHM)). 
[0024] The boron etch-stop layer becomes very Wide fol 
loWing thermal treatments performed subsequent to the 
implant, due to boron outdiffusion. One subsequent thermal 
treatment is a high temperature bonding step of the layer 
transfer process in BESOI processing. The boron outdiffu 
sion is greatly enhanced by transient enhanced diffusion 
(TED) due to lattice damage and a large presence of silicon 
interstitial (S 1) atoms. The lattice damage and the large num 
ber of S I atoms each contribute to anomalously high quanti 
ties of diffusion. 
[0025] Widths of boron in ion implanted pro?les can be 
greater than 200 nm to 300 nm depending on chosen quanti 
ties of ion implant energy and dosage. Typically, high dosage 
requirements also lead to a great deal of concentration-depen 
dent outdiffusion. Therefore, the transferred silicon device 
layer thickness can exhibit a very Wide thickness range since 
the etch process itself Will have a Wide pro?le range over 
Which to stop on the boron-doped layer. The Wide layer range 
poses signi?cant process integration problems, especially 
When forming a deep (or even a shalloW) trench isolation 
region. The inventor has therefore recogniZed a need for an 
extremely thin and robust etch-stop layer having a high 
etchant selectivity in comparison With silicon. 

EXEMPLARY EMBODIMENTS OF THE 
INVENTION 

[0026] In an exemplary embodiment, the invention com 
prises an etch-stop layer having a semiconductor layer having 
a ?rst surface and a boron layer formed beloW the ?rst surface 
of the semiconductor layer. The boron layer has a full-Width 
half-maximum (FWHM) thickness value of less than 100 
nanometers. The boron layer is formed by a chemical vapor 
deposition (CVD) system. 
[0027] In another exemplary embodiment, the invention 
comprises a method to fabricate an etch-stop. The method 
includes ?oWing a carrier gas over a substrate in a chemical 
vapor deposition chamber, ?oWing a silicon precursor gas 
over the substrate in the deposition chamber and ?owing a 
boron precursor gas over the substrate in the deposition cham 
ber. The boron precursor gas forms a boron layer to act as the 
etch-stop and forms beloW a ?rst surface of the substrate. The 
boron layer is less than 100 nanometers in thickness When 
measured as a full-Width half-maximum (FWHM) value. 
[0028] In another exemplary embodiment, the invention 
comprises a method to form an electronic device. The method 
includes ?oWing a boron precursor gas over a substrate in a 
chemical vapor deposition chamber such that the boron pre 
cursor gas forms a boron layer thereby acting as an etch-stop 
layer. The etch-stop layer is for'medbeloW a ?rst surface of the 
substrate and is less than 100 nanometers in thickness When 
measured as a full-Width half-maximum (FWHM) value. One 
or more dielectric spacers are formed on a surface of the 
substrate to provide a self-aligning structure. The one or more 
dielectric spacers are doped With carbon atoms. The carbon 
atoms are remotely injected from the one or more dielectric 
spacers by annealing the substrate, thereby alloWing the car 
bon atoms to diffuse into the etch-stop layer. 
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[0029] In another exemplary embodiment, the invention 
comprises an etch-stop layer comprising a semiconductor 
substrate having a ?rst surface and a boron layer formed 
below the ?rst surface of the semiconductor substrate. The 
boron layer has a full-Width half-maximum (FWHM) thick 
ness value of less than 100 nanometers and is formed by a 
chemical vapor deposition (CVD) system. A germanium pro 
?le comprised of germanium atoms is formed substantially 
Within the boron layer and has a germanium fraction of less 
than one percent to about 20 percent. A carbon pro?le com 
prised of carbon atoms is formed substantially Within the 
boron layer and has a concentration Within the pro?le area of 
between 1018 and 1021 atoms per cubic centimeter. 
[0030] Disclosed herein is an exemplary fabrication 
method and a structure resulting therefrom for a boron-doped 
nanoscale etch-stop. The boron is doped into either a silicon 
(Si) substrate or ?lm, or a compound semiconductor substrate 
or ?lm. The compound semiconductor ?lm may be chosen 
from a Group III-V semiconductor compound such as SiGe, 
GaAs, or InGaAs. Alternatively, a Group II-VI semiconduc 
tor compound may be chosen such as ZnSe, CdSe, or CdTe. 
The boron-doped nanoscale etch-stop described herein has 
particular applications in BESOI processing. HoWever, the 
disclosed boron etch-stop is not limited only to BESOI appli 
cations. 
[0031] A BESOI substrate fabricated in accordance With 
one exemplary embodiment of the invention has particular 
applications in loW-poWer and radiation-hardened CMOS 
devices. Incorporation of embodiments of the invention in 
various electronic devices simpli?es certain fabrication pro 
cesses, improves scalability of devices, improves sub-thresh 
old slopes, and reduces parasitic capacitances. 
[0032] In one embodiment, an “as groWn” boron pro?le 
remains very narroW (e.g., less than 100 nm) by forming an 
ultra-thin (for example, less than 100 nm) boron pro?le With 
chemical vapor deposition (CVD) instead of ion implantation 
and, in some embodiments, by including germanium and 
carbon. The boron pro?le in this case remains very narroW 
even after signi?cant subsequent thermal treatments up to 
approximately 10000 C. for about 10 seconds or more. Details 
of exemplary CVD process steps are outlined beloW. 
[0033] Silicon interstitial pairing With boron results in a 
rate of diffusion that is generally much greater than occurs 
With boron alone. The intrinsic diffusion coef?cient (D5,) of 
silicon in silicon is approximately 560 Whereas the intrinsic 
diffusion coe?icient of boron (D B) in silicon is approximately 
one (1). Incorporating carbon (C) into boron-doped silicon 
minimiZes a SiiB pair formation and thus reduces an overall 
rate of boron outdiffusion. In a heterojunction bipolar tran 
sistor (HBT), for example, the reduced boron outdiffusion 
results in less spreading of a p-type SiGe base region. NarroW 
base Widths reduce transit times of minority carriers and 
improve a device shutoff frequency, ft. Adding carbon and/or 
germanium, the boron diffusion can be effectively mitigated 
at temperatures of approximately 10000 C. for 10 seconds or 
longer. 
[0034] A device or substrate designer may prefer boron 
over carbon and/or Ge as an etch-stop, depending on device 
requirements. For example, a design decision may be driven 
by a preferred majority carrier type and concentration, or a 
minority carrier type and concentration. One skilled in the art 
Will recogniZe that adding carbon to a boron-doped layer Will 
diminish carrier mobility. Consequently, more boron is 
required to compensate for the diminished carrier effect. A 
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skilled artisan Will further recogniZe that the addition of Ge to 
form a strained lattice in elemental or compound semicon 
ductors enhances in-plane majority carrier hole mobility, but 
diminishes in-plane majority carrier electron mobility. There 
fore, if boron is added to a carbon and/or germanium-doped 
lattice, the fabrication process should be completely charac 
teriZed. The process Will be a function of gas ?oWs, tempera 
tures, and pressures. 

[0035] Further, intrinsic diffusivity of boron (DEW), mea 
sured in units of an area transfer rate (e.g., cm2/ sec), in silicon 
can be substantial. HoWever, the addition of Ge results in a 
signi?cant reduction of intrinsic boron diffusivity. (Intrinsic 
diffusivity of boron refers speci?cally to the diffusivity of a 
lone boron atom With no in?uence from diffusion “enhanc 
ing” species such as silicon interstitials as described above). 
FIG. 4 indicates measured rates of intrinsic boron diffusivity 
at 8000 C. as a function of Ge content, x, in Sil_xGe,C in an 
embodiment of the invention. 

[0036] FIG. 5 is a pro?le graph 500 in an embodiment ofthe 
invention representing data from a secondary-ion mass spec 
trometry (SIMS) pro?le of boron diffusion in carbon and 
Ge-doped silicon. A location of the Ge is illustrated by a loWer 
501 and an upper 503 vertical line positioned at 50 nm and 85 
nm depths, respectively. The boron remains relatively ?xed 
up to temperatures of 10000 C., then diffuses rapidly at higher 
temperatures (anneal times are ten (10) seconds at each tem 
perature). HoWever, the presence of both carbon and Ge, as 
introduced under embodiments of the present invention, 
reduces boron outdiffusion. Depending on concentrations 
and temperatures involved, the presence of carbon and Ge 
reduces overall boron diffusion by a factor of ten or more. 

[0037] With reference to FIG. 6, a graph 600 in an embodi 
ment of the invention indicates boron diffusion depths in 
SiGe:C:B and a germanium fraction. Boron pro?les are dis 
played in the graph 600 folloWing groWth of SiGe:C:B Where 
the subsequent thermal anneals, in this example, relate to 
bond steps. The graph 600 indicates boron in SiGe With 
carbon substantially present throughout portions of the struc 
ture. Thus, the graph 600 is a complete carbon method for 
providing a narroW boron pro?le. A germanium fraction indi 
cates an increased germanium pro?le substantially Within the 
boron layer. The germanium fraction is Within a range from 
less than one percent to about 20%. As indicated, the pro?le 
Width for the boron concentration at 10000 C. extends from 
roughly 62 nm to less than 82 nm. Consequently, the FWHM 
value is less than about 20 nm. Consequently, the etch-stop is 
on a nanoscale level. In an exemplary embodiment, the boron 
etch-stop is formed by chemical vapor deposition (CVD) 
techniques. 
[0038] FIG. 7 illustrates an embodiment in Which pro?les 
of B, C, and Ge are shoWn With reference to a placement of 
outer spacers fabricated in a remote carbon injection method. 
In the remote injection method, carbon is only present in outer 
spacer regions as indicated. In a speci?c exemplary embodi 
ment, the spacer regions are comprised of SiGe. A remote 
carbon technique, suitable for adding carbon in various 
embodiments described herein, is disclosed in US. patent 
application Ser. No. 11/166,287 ?led Jun. 23, 2005, entitled 
“Method for GroWth and Optimization of Heterojunction 
Bipolar Film Stacks by Remote Injection,” and commonly 
assigned to Atmel Corporation, San Jose, Calif. The Ser. No. 
1 1/166,287 application is hereby incorporated by reference in 
its entirety. 
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[0039] Remote Carbon Injection Technique 
[0040] Brie?y, the remote carbon injection technique 
entails a carbon implantation or diffusion step in a semicon 
ductor fabrication process to inject carbon atoms into, for 
example, a semiconductor device layer and surrounding 
regions. Alternatively, the carbon implantation or diffusion 
step may be performed into an insulating layer. The carbon is 
derived from a carbon precursor such as methyl silane 
(CH3SiH3). Carbon precursor injection can be accomplished 
by techniques such as LPCVD (loW pressure chemical vapor 
deposition), UHCVD (ultra-high vacuum CVD), MBE (mo 
lecular beam epitaxy), or ion implantation. 
[0041] In one embodiment, the carbon injection is folloWed 
by a thermal anneal step. The thermal anneal step alloWs the 
carbon to diffuse into, for example, a base region of a tran 
sistor. Note that, even though a carbon precursor may be 
injected outside of the base region, the position of the carbon 
after anneal is Within the base region due to an energetically 
favorable diffusion mechanism. Therefore, remote injection 
is a means of doping a semiconductor With carbon and pro 
vides numerous advantages over conventional fabrication 
methods, discussed above (e.g., preventing boron outdiffu 
sion thus alloWing a higher boron-dopant concentration). 
Therefore, an injection location and not necessarily a ?nal 
resting place of carbon folloWing thermal cycles determines a 
de?nition of remote carbon injection. 
[0042] If self-aligning techniques incorporating dielectric 
spacers are employed, for example, in transistor fabrication, 
the remote injection can occur during or after groWth of a 
base-emitter spacer (BE) or a base-collector spacer (BC). 
(Formation of neither the BE nor BC spacer are shoWn, 
although such techniques are Well-knoWn in the art). Carbon 
injection may be performed at multiple points during fabri 
cation of either the base, BC, BE, collector, and/or emitter 
regions. Thermal anneal cycles are then implemented to pro 
vide activation energy for the carbon to diffuse from the 
dielectric spacer into the one or more various semiconductor 
regions. A ?nal position of carbon after anneal is Within the 
semiconductor through a diffusion mechanism. Advantages 
of remote carbon injection thus include a reduced boron out 
diffusion and a signi?cant reduction in the transistor base 
resistance. 

[0043] A skilled artisan Will recogniZe that many other 
techniques of fabricating an etch-stop layer, other than remote 
carbon injection, may be utiliZed. General techniques for 
implementing these various techniques are described in 
detail, beloW. Various permutations of the general etch-stop 
fabrication method based on the methods disclosed herein 
may be employed. For example, a boron etch-stop may be 
fabricated by in-situ boron doping of silicon by CVD in Which 
the silicon contains neither germanium nor carbon. Addition 
ally, a boron etch-stop may be fabricated by in-situ boron 
doping of SiGe by CVD in Which the SiGe contains no car 
bon. Further, a boron etch-stop may be fabricated by in-situ 
boron doping of silicon-carbide (SiC) by CVD in Which the 
SiC contains no germanium. In each of these cases, the boron 
doped semiconductor could be implanted by an ion implan 
tation or molecular beam epitaxial (MBE) process. Following 
any implant step, a ?ash anneal (e.g., from 900° C. to 12000 C. 
for one (1) second to ?ve (5) seconds) or a laser anneal (e.g., 
less than a one second pulse) may be used in order to alleviate 
any ion implantation damage and still maintain a narroW 
distribution of boron. If boron is either implanted or diffused, 
carbon and/ or germanium may also be added. 
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[0044] CVD Reactor Fabrication Process 
[0045] Overall, process conditions can vary Widely 
depending upon particular devices fabricated, speci?c equip 
ment types employed, and various combinations of starting 
materials. Also, as is knoWn to a skilled artisan, various 
dopant pro?les may be achieved by certain gases being 
injected simultaneously and/ or ramping the gas ?oW rates. In 
a speci?c exemplary embodiment, the process conditions 
entail ?oWing hydrogen (H2) as a carrier gas in a chemical 
vapor deposition (CVD) system at a ?oW rate betWeen 5 
standard liters per minute (slpm) and 100 slpm. Alternatively, 
inert gases such as nitrogen (N2), argon (Ar), helium (He), 
xenon (Xe), and ?uorine (F2) are all suitable carrier gases. 
Silane (SiH4) may be used as a silicon precursor gas, ?oWing 
betWeen 5 standard cubic centimeters per minute (sccm) and 
1000 sccm. Alternatively, disilane (Si2H6) or another silicon 
precursor gas, may be used in place of silane. Disilane depos 
its silicon at a faster rate and loWer temperature than silane. 
[0046] Diborane (B2H6) may be used as a boron precursor 
gas, ?oWing at betWeen 5 sccm and 1000 sccm. Additionally, 
boron trichloride (BCl3) or any otherboron precursor gas may 
be used in place of diborane. Methyl silane (CH3SiH3), or 
another carbon precursor gas, ?oWing at betWeen 5 sccm and 
1000 sccm may be employed as the carbon precursor. Ger 
manium tetrahydride (GeH4) or another germanium precur 
sor gas ?oWing at betWeen 5 sccm and 1000 sccm may be 
employed as the germanium precursor gas. 
[0047] For a loW pressure CVD (LPCVD) reactor, groWth 
temperatures may be in an exemplary range of 5500 C. to 7500 
C. With processing pressures from 1 Torr to 100 Torr. 

CONCLUSION 

[0048] In the foregoing speci?cation, the present invention 
has been described With reference to speci?c embodiments 
thereof. It Will, hoWever, be evident to a skilled artisan that 
various modi?cations and changes can be made thereto With 
out departing from the broader spirit and scope of the inven 
tion as set forth in the appended claims. For example, 
although process steps and techniques are shoWn and 
described in detail, a skilled artisan Will recogniZe that other 
techniques and methods may be utiliZed Which are still 
included Within a scope of the appended claims. For example, 
there are frequently several techniques used for depositing a 
?lm layer (e. g., chemical vapor deposition, plasma-enhanced 
vapor deposition, epitaxy, atomic layer deposition, etc.). 
Although not all techniques are amenable to all ?lm types 
described herein, one skilled in the art Will recogniZe that 
multiple methods for depositing a given layer and/or ?lm type 
may be used. 
[0049] Additionally, many industries allied With the semi 
conductor industry could make use of the remote carbon 
injection technique. For example, a thin-?lm head (TFH) 
process in the data storage industry or an active matrix liquid 
crystal display (AMLCD) in the ?at panel display industry 
could readily make use of the processes and techniques 
described herein. The term “semiconductor” should be rec 
ogniZed as including the aforementioned and related indus 
tries. The speci?cation and draWings are, accordingly, to be 
regarded in an illustrative rather than a restrictive sense. 

1. An integrated circuit structure comprising a boron etch 
stop layer located on a surface of the integrated circuit struc 
ture and having a full-Width half-maximum (FWHM) thick 
ness value less than 100 nanometers, Wherein the boron etch 
stop layer is substantially free of germanium and carbon. 
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2. The integrated circuit structure of claim 1 comprising a 
substrate selected from silicon, silicon-germanium, and sili 
con carbide. 

3. The integrated circuit structure of claim 1 comprising a 
?lm selected from epitaxial silicon, epitaxial silicon-carbide, 
and epitaxial silicon-germanium. 

4. The integrated circuit structure of claim 1 comprising a 
deposited silicon ?lm. 

5. The integrated circuit structure of claim 1 Wherein the 
boron etch-stop layer is less than about 20 nanometers in 
thickness When measured as a FWHM value. 

6. (canceled) 
7. The integrated circuit structure of claim 5 further com 

prising a carbon concentration of between 1018 and 1021 
atoms per cubic centimeter in the boron etch-stop layer. 

8. The integrated circuit structure of claim 5 further com 
prising a germanium concentration fraction of less than one 
percent to about 20 percent in the boron etch-stop layer. 

9. The integrated circuit structure of claim 5 comprising a 
silicon-based semiconductor structure. 

10. The integrated circuit structure of claim 9 Wherein the 
silicon-based semiconductor structure is a compound semi 
conductor ?lm selected from a Group H through Group VI 
semiconductor compound and combinations thereof. 

11. The integrated circuit structure of claim 10 Wherein the 
semiconductor compound is selected from SiGe, GaAs, 
lnGaAs, ZnSe, CdSe, CdTe, and combinations thereof. 

12. An electronic device comprising: 
an integrated circuit structure; and 
a boron etch-stop layer located on the integrated circuit 

structure and having a full-Width half-maximum 
(FWHM) thickness value of less than 20 nanometers. 

13. The electronic device of claim 12 comprising a hetero 
junction bipolar transistor. 

14. The electronic device of claim 12 comprising a bond 
and-etch-back silicon-on-insulator (BESOI) substrate. 

15. The electronic device of claim 14 Wherein the BESOI 
substrate is a complementary metal-oxide semiconductor 
(CMOS) device. 

16. The electronic device of claim 12 further comprising a 
carbon concentration of between 1018 and 1021 atoms per 
cubic centimeter in the boron etch-stop layer. 

17. The electronic device of claim 12 further comprising a 
germanium concentration fraction of less than one percent to 
about 20 percent in the boron etch-stop layer. 

18. The electronic device of claim 12 further comprising 
one or more carbon-doped spacers on the electronic device to 
provide a source of carbon atoms for the etch-stop layer. 

19. A system comprising: 
an integrated circuit structure; 
a boron etch-stop layer located on a surface of the inte 

grated circuit structure and having a full-Width half 
maximum (FWHM) thickness value of less than 20 
nanometers; and 

a liquid crystal display or data storage coupled to the inte 
grated circuit structure. 

20. The system of claim 19 Wherein the boron etch-stop 
layer further comprises an additional elemental concentration 
selzected from a carbon concentration of between 1018 and 
10 atoms per cubic centimeter, a germanium concentration 
fraction of less than one percent to about 20 percent, and 
combinations thereof. 
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21. The system of claim 20 Wherein the integrated circuit 
structure is a silicon-based semiconductor structure. 

22. A method comprising: 
?oWing a carrier gas over an integrated circuit structure in 

a chemical vapor deposition chamber; 
?oWing a silicon precursor gas over the integrated circuit 

structure in the deposition chamber; and 
?oWing a boron precursor gas over the integrated circuit 

structure in the deposition chamber to form a boron 
etch-stop layer on the integrated circuit structure Which 
is less than 100 nanometers in thickness When measured 
as a full-Width half-maximum (FWHM) value. 

23. The method of claim 22 Wherein the carrier gas is 
selected from hydrogen, nitrogen, argon, helium, xenon, ?uo 
rine, and combinations thereof. 

24. The method of claim 23 Wherein the boron etch-stop 
layer is less than about 20 nanometers in thickness When 
measured as a FWHM value. 

25. The method of claim 22 Wherein the silicon precursor 
gas is silane or disilane ?oWing at betWeen ?ve (5) standard 
cubic centimeters per minute (sccm) and 1000 sccm. 

26. The method of claim 22 Wherein the boron precursor 
gas is diborane or boron trichloride ?oWing at betWeen ?ve 
(5) and 1000 sccm. 

27. The method of claim 22 further comprising: 
?oWing a carbon precursor gas over the integrated circuit 

structure; and 
?oWing a germanium precursor gas over the integrated 

circuit structure to limit a diffusivity value of boron 
atoms Within the boron etch-stop layer. 

28. The method of claim 27 Wherein the carbon precursor 
gas is methyl silane ?oWing at betWeen ?ve (5) and 1000 sccm 
and the germanium precursor gas is germanium tetrahydride 
?oWing at betWeen ?ve (5) and 1000 sccm. 

29. The method of claim 27 Wherein temperatures in the 
chemical vapor deposition chamber are betWeen 550 and 
750° C. and pressures are betWeen one (1) and 100 Torr, and 
the integrated circuit structure is a bond-and-etch-back sili 
con-on-insulator (BESOI) Wafer comprised of a silicon 
device Wafer and a silicon handle Wafer, Wherein the silicon 
device Wafer includes a ?rst silicon layer covered by the 
boron etch-stop layer and a second silicon layer, and the 
silicon device Wafer includes a loWer silicon dioxide layer 
covered by a silicon substrate layer and an upper silicon 
dioxide layer, Wherein the method further comprises: 

diffusion bonding the silicon device Wafer to the silicon 
handle Wafer to form a BESOI Wafer having a diffusion 

bond; 
thermally annealing the BESOI Wafer to strengthen the 

diffusion bond; and 
thinning the BESOI Wafer to remove most of the second 

silicon layer. 
30. The method of claim 29 Wherein the thinning step is 

folloWed by an etching step to remove a remaining portion of 
the second silicon layer up to the boron etch-stop layer. 

31. The method of claim 29 Wherein the thinning step is 
folloWed by a hydrogen implantation and separation step. 

32. The method of claim 29 Wherein the annealing occurs 
at approximately 10000 C. for about 10 seconds or more. 

* * * * * 


