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Abstract—\We report on a commercially reproducible silicon separation by implantation of oxygen (SIMOX) and epitaxy to
wafer with a high-reflectance buried distributed Bragg reflector  develop a DBR with a peak reflectance of 90%. The DBR used
(DBR). The substrate consists of a two-period DBR fabricated five periods of Si—-Si@, which were created using SIMOX to

using a double silicon-on-insulator (SOI) process. The buried DBR d the buried oxide | d | lar b it
provides a 90% reflecting surface. We have fabricated resonant PrOduCe the buried oxide layer and molecular beam epitaxy

cavity-enhanced Si photodetectors with 40% quantum efficiency (MBE) to grow the Si layers. The limitations related to the
at 860 nm and a full-width at half-maximum of 29 ps suitable SIMOX process, as discussed below, required not only a

for 10 Gbps data communications. We have also implemented complex fabrication process but also many layers to achieve
double-SOI substrates with 90% reflectivity covering 1300 and the desired reflectivity.

1550 nm for use 'r_] Sl.-based optoelectronics. We have introduced a commercially reproducible Si wafer
Index Terms—Dbistributed Bragg reflector, photodetector, reso- - with a high reflectance buried DBR for Si RCE optoelectronics
nant cavity enhanced, silicon, silicon-on-insulator. [5]. These wafers, fabricated by a repeated SOI process, have

buried DBR structures with reflectivity in excess of 90% using
l. INTRODUCTION only a two-period Si-Si@structure and have an epitaxy ready
. . . single crystalline surface. We report on the optical and electrical
ANY applications for optical micro resonators

fruct h d th includi roperties of the double-SOI wafers and present results on high-
. structures “have emerged over the years, Includiiigeqq high-efficiency RCE photodetectors fabricated on these
light-emitting devices, modulators, and photodetectors, i

few. Th ina d d for hiah q . reflecting Si substrates.
hame a few. The ever growing demand for high-speed optica he inherent benefit of the RCE structure is to increase the

communications hgs made resonant cayny—enhanced (RG %dwidth—efﬁciency product over a conventional photode-
photodetectors an important research topic over the last dec 8or. The quantum efficiency of conventional detectors
[1].' n sem!conductors, such a rgsonapt cavity can b_e forml% governed by the optical absorption of the semiconductor
using a t_)urled reflectqr and_ the air/semiconductor top 'nterfa(fﬁaterial. For semiconductors with low absorption coefficients,
The buried reflector is typically formed by alternating Iayer'ﬁqick absorption regions are required to achieve higimiting

?r]: sem!fo§?tuct?rs ;N'th td|ff(—f[rent refractive éndlce_s. D(;Je tt e bandwidth of photodetectors. Silicon-based photodetectors
€ avaliability of heterostructures, compound Semiconductqys applications in optical communications in the near-IR

have been the focus of .RCE phgtodetector devglopment [ velength range between 800-900 nm suffer from low band-
Qge of thte rr;any p(jen(jefgs gf sﬂgn, hlow6e(\)/$r, Is the la(;%idth-efﬁciency products due to the long absorption length
index contrast provided by Si-5j0-nearly 0, compared o -essitated by the small absorption coefficient. Increasing

:)0 17(?". fordGa,_’-\rs]—AlAi. fTh's mea_nz that h'Sg.h Srgggc;wtybca e bandwidth-efficiency product is the inherent benefit of an
e achieved with much fewer periods in a Si-Si IStributqg- e structure, which relies on the constructive interference

Btragbg rzﬂector (DBR) as well as having a wider spectr f a Fabry—Perot cavity to enhance the optical field inside the
stopband. r,:Jhotodetector at specific wavelengths.

While there have been reports of muliilayer silicon-on-i Numerous attempts have been made to fabricate Si RCE pho-

Eulatotr) (SOP wa1;(ferst [2], to the aluthors If(notmegge'ﬂth?_rﬁ)detectors [6]. Earlier devices utilized Si device structures de-
ave been few €eflorts on purposely manutactured retiecting,qiio q oy top of dielectric mirrors. Various attempts included

substrates. Ishikawat al. [3], [4] used a combination of chemical vapor deposition (CVD) as well as molecular beam
epitaxy (MBE) [7], which resulted in a polycrystalline Si device

Manuscript received April 10, 2002 revised May 29, 2002. This work wa@yer. Photodiodes fabricated on this device layer typically suf-
supported by the Army Research Laboratory (ARL) and was accomplisht@red from high dark currents. Schaebal. [8] has reported Si
under the ARL Cooperative Agreement DAAD17-99-2-0070. The views andCE photodiodes with low dark currents that achieved a band-
conclusions contained in this document are those of the authors and should ngﬁ hi f he hiah d ded f .
be interpreted as representing the Laboratory or the U.S. Government. The v .t in excess of 34 GHz—the highest speed recorded for Si
Government is authorized to reproduce and distribute reprints for Governmgni-n photodiodes. These RCE structures used a merged epi-
purposes notwithstanding any copyright notation hereon. taxial layer overgrowth (MELO) process to form the absorption

The authors are with the Department of Electrical and Computer Engineering, . ) .
Boston University, Boston, MA 02215 USA (e-mail: memsley@bu.edu). fegion on top of the buried DBR. Although this growth process

Digital Object Identifier 10.1109/JSTQE.2002.801692. is nota commercially viable technique, the results in themselves
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! loem . . R S means that the Sia-Si width ratio is greater than unity for an
o e R, ; :
o N optimally tuned structure. They were able to produce highly re-
08 / \ flective dielectric mirrors only after ten layers were grown. An-
3 I \ other drawback of their technique is that it utilized a comjitex
07 )

situ implantation and epitaxy process that required specialized
equipment. In contrast, we have developed a technique to fabri-
cate optimized Si—-Si©DBRs using a commercially available

|
\\ /\\ SOl process.
\
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i i [==zpertaavasisio, \/ ,:' The relentless drive of the silicon industry to produce high-
o1 i - i;f’::,‘:’::,ii."él’i;‘km ¥ speed circuits has resulted in numerous studies in the pursuit

: kd “ : : o of advanced processing techniques. One of the techniques nur-
tured by these efforts has been SOI technology [9]. First in-
vestigated in the mid-1960s with the use of silicon-on-sapphire
Fig. 1. Simulated reflectivity of 14\ and 34X Si-SiO. two-period DBR as (SOS), SOI offered the hope of reduced device capacitances as
compared with a (A GaAs—AlAs 10-period DBR. well as the increased radiation hardness of silicon circuits. SOI

wafers consist of a Si handle wafer, a buried oxide, and a single

are significant; Schaub has shown that use of RCE for Si photsystalline Si device layer (commonly referred to as the SOI
diodes can lead to significant leaps in device performance. Wigyer). The increased cost of wafer fabrication and the relatively
our double-SOl reflecting substrates, not only can RCE Si phpeor quality of the SOI device layer prevented the field from
todetectors be a commercial reality but also, due to the ubigaich advancement. Recently, as device speeds and the demand
tous nature of the silicon industry, a wide array of other applior low-voltage circuits have increased, there has been a resur-
cations, such as wavelength sensors, RCE photodetector arrggsce of the SOI field. Currently, there are three major tech-
as well as on chip signal conditioning, become possible. niques for SOI manufacturing which include SIMOX, bonded
and etched-back SOI (BESOI), and ion-cut.
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Il. OPTICAL DESIGN CONSIDERATIONS
. . . ) A. SIMOX
A typical DBR mirror is formed by alternating layers of

1/4)-thick dielectrics with different refractive indexes. The SIMOX processing was first developed in 1966 as a means

magnitude of the index contrast of the dielectric constitueri@ "ePlace SOS [10]. The process involves the implantation of a

determines the spectral width of the stopband, as well as {REI€ dose of oxygen into a Siwafer. The wafer is then annealed
number of periods required for optimum reflectivity. Lim-at high temperature to enhance ripening of the implant and to

itations in fabrication process, however, may not allow fdP'm SiO:. Due to the large concentration of oxygen in stoi-
layer thicknesses as thin ag4l, in which case one can alsochiometric SiQ, large doses of oxygen have to be implanted.

use 34\ layers. This will sacrifice the stopband width, buE@'y problems inherent in the SIMOX process were large de-

when using large index contrast dielectrics, the degradatifift densities in the SOI layer due to implantation damage from
is not problematic. For compound semiconductors, neaffye Nigh energies and large implant doses. The high-dose im-

lattice-matched GaAs—AlAs structures have been the mdignt of oxygen in Sicauses threading defects (TD), which can
commonly used materials for DBRs, providing an indeke detnr_nental to de\{lc_e p_erformance [11].Amajordrayvbackto
contrast of 17%. Si—SiQ on the other hand, with an indexSIMOX is the o!epth I|m|tat_|on of the oxygen implant which cor-
contrast of 60% can be used to make over 90% reflective DBFESPONingly limits the thickness of the SOI layer(3 »:m).

with only two periods compared to 10 periods for GaAs—AIA ! the time this study was undertaken, the limited availability
Also, due to the larger index contrast, the stopband is signfit d€€P 0xygen implants as well as high defect densities elim-

icantly larger for both 14\ and 34\, two-period, Si-Si@ inated SIMOX as a viable candidate for fabricating reflecti_ng
DBRs compared with the 10-period GaAs—AlAs structure. Aubstrates. Current advancements ha_ve redL_Jced TD d_ens!ty to
comparison of the reflectivity of these DBRs can be seen fifceptable levels [12], but SIMOX still requires an epitaxial
Fig. 1. Due to limitations in the wafer-fabrication process, wi@Yer to be grown and second SIMOX step, which is not offered
chose 34\ layer thicknesses for the DBR. by any commercial vendors.

Previous attempts to develop Si-SiDBRs by Ishikawaet
al. [3], [4] used a combination of SIMOX to produce the buried®- BESOI
oxide layer and MBE to grow the Si layers. Their work showed BESOI is the process of bonding two oxidized wafers and
that the choice of layer thickness for Si@nd Si was limited then etching back one of the wafer surfaces to yield a thin SOI
to a SiQ-Si thickness ratio of less than unity due to poor inlayer [13]. The advantage of this method over SIMOX is the pos-
terface morphology. This result is a critical limitation; as in asibility of much larger top Si layer thickness. The key to BESOI
optimally tuned structure, the optical path lengths inS#@d Si  is the availability of a highly selective etch stop in the sacrifi-
are identical, which means the layer thickness of.SgJarger cial wafer. These etch stops can come in a variety of forms, the
than that of Si since Si9has a smaller refractive index. Thismost popular being a highly doped boron [14] region or porous
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Si [15]. Poor etch stop selectivity results in a highly nonuniforn mqw ! !
SOl layer that is unacceptable for device grade electronics. T ' implant T"{_Silicon Substrate A7 Silicon Sibstrate b
first step in BESOI is to bring the wafers into contact at roon Step 1, 2.) Substrate A Oxidation & Hydrogen Implantation
temperature to form a bond via Van der Waals forces. The co

tacted wafers are then heated to strengthen the interface bor

Next, the wafer is etched back, usually by a chemical reacta
that consumes the top bulk Si layer up to the desired etch-stcH implant~_;

Silicon Substrate A

leaving a thin Si layer. A major problem inherent in the BESO Sig‘: Si—|
process is the relative inaccuracy in the etch-back process. C ? Si0,
to the uniformity problems of a chemomechanical etch, the ! Substrate B BU Stbsme B
device layer thickness is limited to greater than @r8 [13]. Step 3.) Substrate A & B Step 4.) Chemomechanical
This limitation precluded BESOI as being a viable candidat Bonding Folish of SOI wafer
for making reflective substrates, although recent advanceme
have shown that Si layers as thin as 27 nm with thickness ut )
formity less thant5% can be achieved [16]. - imz':n’t:’lzaaﬂlﬂ
1. Silien Substeate © 7
C. lon-Cut Step 5, 6.) Substrate C Oxidation & Hydrogen Implantation
The mechanism behind ion-cut is the blistering of Si [17]
Blistering, or flaking, is induced when a high-dose implanta 1—-—-—-—-—-———-]
tion of hydrogen ions in a material is heated. The gas pressureg. . Silicon Substrate © 1
the material causes microcavities, which are formed close to t Si—| §i —p
implant range depth, to propagate and form fractures that cat Sio?:: 8i0,
the surface to blister and peel. By bonding the hydrogen-in Sig;/ Sics)i
planted wafer to a stiffening wafer prior to blistering, a transfe I 801 Substrate B 1 ! SOI Substeate B
of a thin Si Iayer_ can be rea_liz_ed. To_ create the buried o_xic Step 7.) Substrate B & C Step 8 Chemomechanical Polish
layer, the wafer is simply oxidized prior to the hydrogen im: Bonding of double-SOI wafer

plantation, resulting in a transfer of both the buried oxide and Si

after bonding. After bonding and cleaving of the SOI structure, , - .
. . . . Fig. 2. Abbreviated double-SOI fabrication process showing second wafer
a small amount of micoroughness remains, which is removgﬁmmg and substrate separation steps.

through chemomechanical polishing. This polishing does re-
move a fractional amount of the top layer thickness but can be

compensated by altering the implant depth. A wide range of to a thickness of 437 nm as required by thet3
SOl layer thickness is possible due to the relative ease of hy- DBR specifications. Due to properties of the thermal
drogen implantation in Si. The thickness is entirely dependent growth, uniformity can be achieved with a dispersion
on the hydrogen implant energy (8 nm/keV), and, due to the of less than 2.5%. _

very sharp implant profile, the dispersion is less than 8 nm overStep 2) Substrate A: Hydrogen Implantation .

a 4-in wafer [18]. The implantation dose of hydrogen ranges The next step is to implant the hydrogen ion-cut
from 2 x 10" cm2 — 1 x 107 cm~2. Unlike oxygen in the layer in the oxidized Si wafer. This implant will
SIMOX process, hydrogen ions are relatively light and cause serve as th? cle_avmg m_echamsm to achieve the SOI
undetectable damage in the SOI layer. For this reason, defect surface. This Si layer thickness is 174 nm, as calcu-
densities in the SOI layer are equivalent to bulk material. An lated by the 34\ DBR requirements. The hydrogen
additional benefit of ion-cut is that the remaining Si, after blis- is then implanted at a depth of approximately 610 nm
tering, can be reused for numerous ion-cut steps. below the SiQ surface or 174 nm below the Si-SiO

interface. The dispersion or straggle of the hydrogen
implant is less than 8 nm since the stopping mecha-

nism is primarily electronic.
The process presented for fabricating the reflecting substratestep 3) Substrate A and B: Bonding

IV. WAFER FABRICATION

uses what can be referred to as a dual-modified ion-cut. The Once the hydrogen implant is completed, a wafer
modification to the original ion-cut specification comes in the bonding and ion-cut step is performed to achieve
second stage process, where, instead of bonding an implanted the thin SOI layer. Substrate A is pressed in con-
substrate to a uniform Si substrate, it is bonded to another SOI tact to Substrate B at room temperature to form a
substrate. A batch of 25 4-in wafers was fabricated using the hydrophilic bond. The contacted wafers undergo a
dual-modified ion-cut technique. Fig. 2 shows the wafer fabri- two-step heat treatment to anneal the bond. In the
cation steps. first step, the wafers are heated to 4@-600°C,
Step 1) Substrate A: Oxidation which causes Substrate A to cleave at the hydrogen
The first step in the process of creating the re- implant. This separates the bulk of Substrate A from
flecting substrate using ion-cut technology is to ox- the rest of the structure, the remaining material being

idize a handle wafer. The oxide is thermally grown reused for successive steps. The second step of the
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heat treatment is performed at 103D to strengthen
the bond between the wafers.
Step 4) Chemomechanical Polish
The remaining structure is a completed SOI sub-
strate. The completed structure is chemomechani- °
cally polished to remove the surface roughness that
remains from the blistering process.
Step 5) Substrate C: Oxidation
Up until this point, the standard ion-cut process
is followed. This process is repeated a second time
with the modification of substituting the completed
SOl wafer as the stiffening structure in the bOndingig. 3. Cross-sectional SEM of reflecting Si substrate showing buried
step. Once again, an Si wafer is thermally oxidizedistributed Bragg reflector.
to grow 437 nm of Si@to serve as the second oxide
layer in the DBR structure. 1 —
Step 6) Substrate C: Hydrogen Implantation o 4 N
The hydrogen ion-cut layer is implanted to servi
as the cleaving mechanism. The top Si layer thict A ’
nessis 174 nm, so the depth of the implantwillbeay  *’ ] :
proximately 610 nm below the SiGsurface or 174 | os i
nm below the Si-Si@interface. _ ) \
0.4 r S — ..E 5/\::

. «—Si0,

— §i

<«+——— Si Substrate

-—_‘\\

Reflectance
o
n

Step 7) Substrate B and C: Bonding
Next, Substrate C is bonded to Substrate E

which serves as the modified stiffening structure os %

The wafers are brought into contact at room ten , v i e é‘m"m
perature to form a hydrophilic bond. The contacte @

wafers once again undergo the two-step heat trei * H

ment. The first step heats the wafers to 4@-600 %00 500 00 70 500 500 7000
°C, causing Substrate C to cleave at the hydrogt L

implant. This separates the bulk of Substrate C Ny N _
from the rest of the structure with the remainindi:tl%\./i[tlﬁ Silr?nel]‘llgggnzg&tg? period distributed Bragg reflector showing excellent
material being recycled. The second step of the heat
treatment is performed at 100C to strengthen the

bond between the wafers. After the buried DBR fabrication, single crystalline Si was

Step 8) Chemomechanical Polish grown on the Si surface using a standard LPCVD epitaxy
The remaining structure is a completed reflectinBroceSS' The surface Si layer was grown to approximately 2.1

substrate. The completed structure is chemomecha#h in total thickness. The resulting structure has a reflectivity

ically polished to remove the surface roughness thﬁlf'own in Fig. 5. It can be seen i_n Fig. 5 thf':lt reflect!vity
is left after the blistering process. Is reduced to less then 40%, which could yield predicted

photodiode quantum efficiencies in excess of 50%. It can also

be seen in Fig. 5 that the minimum reflectivity, or maximum

quantum efficiency, for photodiodes manufactured on these
V. WAFER CHARACTERIZATION wafers would not be at the desired 850 nm wavelength.

Although the ion-cut manufacturing process can give strict

_Crystalllne_ quality characterlzatlc_m was performed USINg Fickness control, it is desirable that a technique be available
Rigaku rotating anode X-ray machine and four-circle diffrac-

. . r rally tuning the Si wafers. It h n shown that very-
tometer to perform rocking curve analysis. In order to extra? spectrally tuning the Si wafers. It has been shown that very

h : Igh-precision surface recessing can give desired spectral re-
the crystalline quality of the surface layer and to decouple tﬁeg P . g can g SP
: : S ectance and, in turn, quantum efficiency [19]. We will simulate
underlying Si substrate, a grazing incidence X-ray scan was €,

ployed. Measurements of the surface Si device layer revealetéﬁ%tthrough the use of surface recessing by means of Si etching,

0.166 48 rocking curve width. This compares with a 0.160°60 pectral tuning of .the reflectance minimum can _be achieved.
Fig. 6 shows the simulated results of spectral tuning on the re-

rocking curve width for a reference standard Si wafer. This mea-="_. . . ;
o . . ecting Si substrates through the recessing of the Si surface.
surement showed that within the experimental resolution, the

two wafers were identical in crystalline quality and, therefore,
suitable for Si epitaxy. A cross-sectional SEM of the double-SOI
substrate is shown in Fig. 3. The substrate’s reflectivity was RCE p-i-n photodetectors were fabricated in the epitaxial de-
specifically tuned to achieve a high reflectance at 850 nm feice layer, which was approximately 2;n in total thickness,
short haul optical communication systems. The reflectivity afsing standard Si device fabrication techniques. The device
this structure is seen in Fig. 4. structure is shown schematically in Fig. 7.

VI. PHOTODETECTORFABRICATION
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wafer) with buried DBR.
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Fig. 8. Top view of finished photodetector showing coplanar transmission
lines and coupling capacitors for dc biasing.
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Fig. 6. Simulated effect of surface recessing for use in spectral tuning of the

reflectance minima. characteristic is seen in Fig. 9 for a 4Ba-diameter device with
an ideality factor of approximately 1.6 under forward bias.

The structure has a buried" implant and g* implant on Spectral quantum efficiency measurements were performed
the surface, while the epitaxial Si layer is left undoped, yieldingsing a tunable Ti:Sapphire laser source and a reference Si
the vertical p-i-n diode. To contact the buried layer, a trench photodetector with known spectral responsivity for photocur-
was formed using RIE technique with §Feactant and He am- rent normalization. It can be seen from Fig. 10 that the spectral
bient. A high dosex* implant was then performed in the trenclquantum efficiency agrees well with the simulation and that
to achieve low contact resistance to the Si. Contacts were the efficiency near 860 nm is approximately 40%, which
formed using Al patterned by a photoresist liftoff technique. Faorresponds to a responsivity of 0.260 A/W.
on-wafer high-speed testing, photodiodes with various dimen-High-speed characterization is performed on a microwave
sions were fabricated with coplanar transmission lines. A phgboobe station using a 50-GHz sampling oscilloscope to mea-
of the finished photodetector is seen in Fig. 8. sure the photodetector response to 1.6-ps full-width at half-max-
imum (FWHM) pulses from a Ti:Sapphire laser source. Fig. 11
shows the temporal response obtained at 15 V reverse bias from
40-m-diameter photodetector with measured FWHM value of

The photodetectors were tested for dark current performarps. The FWHM of 29 ps suggests a bandwidth above 10 GHz,
as well as for spectral quantum efficiency. The dark current aéich is well beyond the requirements for 10 Gbps data com-
measured on 20pm-diameter photodetectors varied from 1 tanunications.

3 pAlcm? at reverse bias of 1 to 3 V. On 30m-diameter de-  However, in these particular devices, a long tail in the pho-
vices, the dark current was measured as 10 ang&l@m? ata tocurrent response is observed, indicative of a diffusion compo-
reverse bias of 1 and 3V, respectively. The increase in dark coent. To limit the diffusion current due to absorption in doped
rent density between the devices can be explained by surfaeeitral regions, we have used very thin (less than2 con-
effects, as the devices were not passivated in this study. Antatt regions. The incomplete depletion of the unintentionally

VII. RESULTS AND DISCUSSION
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Fig. 13. 3-dB bandwidth as function of bias voltage for /®-diameter
photodiode (with trend line).

converted to frequency domain using fast Fourier transform
(FFT) as shown in Fig. 12. Fig. 13 shows the 3-dB bandwidth
obtained from a 4Q:m-diameter detector under different bias
conditions.

For all conventional photodetectors, the bandwidth-effi-
ciency product is constant and depends on the absorption
thickness, therefore, to increase the efficiency you must in
turn sacrifice bandwidth. The benefit of an RCE structure
is to increase the efficiency for a given absorption thickness
detector while maintaining the bandwidth. The drawback of
the RCE structure, however, is the wavelength selectivity of
the photodetector efficiency. To counteract this selectivity and
yet still benefit from the RCE structure, one can coat the top
surface of the detector with an antireflection (AR) coating
which will result in a “two-pass” detector where the light enters
the photodetector and reflects off the buried mirror resulting
in two passes of the absorption length. This will increase

doped absorption region is expected to be the main reasondtficiency over a conventional detector while keeping the

the diffusion current and resulting reduction in the device speeadavelength insensitivity over a substantial range. Fig. 14 shows
To study the frequency response, measured temporal ttee simulated responsivity-wavelength dependence of different

sponse data for various size devices at different bias values abbsorption thicknesses as well as apr8-thickness with an
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Fig. 14. Simulated responsivity for RCE photodetectors of differerftig.- 16. Reflectivity of double SOI wafers for long-haul communication
absorption lengths as well ag8n “two-pass” photodetector. wavelengths.

12

[—

e 5V 1300 and 1550 nm. For these wavelengths, Ge on Si can be
used as well as internal photoemission diodes such as SiGe
or PtSi Schottky photodetectors [20]-[22]. We have also fab-
ricated 6-in reflecting SOI wafers with buried DBRs for this ap-

L /\ plication. Fig. 16 shows the reflectivity measurement for one of
% / \ ; these wafers and its good agreement with the simulation. These
g ¢ \ e wafers have in excess of 90% reflectivity over the wavelength
& N range of 1300-1550 nm.

: N

T~ VIIl. CONCLUSION
2
 ——— We presented commercially reproducible Si substrates with

; buried distributed Bragg reflectors having reflectivity over 90%
0 ! 2 3 4 5 s 7 8 o 1 for Si-based optoelectronics. We used the substrates to fabri-

Length () cate RCE Si pin photodetectors capable of quantum efficiencies
Fig. 15. Three-decibel bandwidth of a 1p@a-diameter photodetector with 1 above 40% at 860 nm a“‘?' FESPONSE tlme$ of 29 PS- The wafers
and 5 V applied bias. could also be used to fabricate a host of Si-based integrated op-

toelectronics owing to the availability of Si processing and the

AR coating showing the wavelength insensitivity around 85@vailability of large wafer sizes. These wafers are well suited
nm. for VLSI integration and are compatible with standard CMOS

Just as increasing the absorption length will increase the effirocessing, making them ideal for monolithic integration of re-
ciency, decreasing the absorption length will increase the baeiver circuits with photodetectors. We have also introduced
width due to the reduction of carrier transit time. This effediigh-reflectivity Si substrates that cover the long-haul commu-
is limited, however, as decreasing the absorption thickness wiltation wavelengths (1300 and 1550) nm for use in Si-based
cause the photodetector capacitance betweevthadP con- photodetectors.
tacts to increase, resulting in the degradation of the device band-
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