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| gpeci fically, to a sili ccuwmwwmlmm m (Spl') photodi ode and a nethod of

form ng such a photodi ode. 5,Phat odi ode detectors are often used in

I nt egrated optoel ectronic ci rcw ts for noise rejection. Commonly assi grlled

US Patent Application No. 09/205,433 to Crow et al. (hereinafter "Crow'),
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t hi s in bulk silicon. Such structures are known as “bulk trench detectors.”

As shown in Fig. 1(a), the bulk trench photodiode detector 100
disclosed by Crow is composed of an array of long, deep trench structures
110 which alternate from p-type doping 110a to n-type doping 110b, thereby
15 forming a lateral PIN diode structure. As shown in Fig. 1{(b}), this means
that one terminal of the diode is electrically connected to the substrate
220, for example, the p-terminal (anode) for p-substrates, as used by
typical analog and mixed signal processes.

However, in the Crow photodiode, the terminal which is connected to

20 the substréte 220 will be exposed to the substrate noise and low substrate
impedance associated therewith (e.g., Rs in Figure 1(b) denotes the
impedance to substrate, typically a few 108 of ohms). Therefore, if this
pPhotodiode structure is employed as a differential detector 200, as shown

- in Figure 1(b), substrate noise will be injected directly into the

25 preamplifier 210 f£rom the diode terminal which is comnected to the
substrate 220 and the impedance of that substrate node will not be the
same as that of the other terminal of the diode 230. 2An imbalanced
impedance is, therefore, created at the input. Therefore, this photodiode

can operate as a single-ended detector but not as a differential detector
30 which is preferred.

Another disadvantage of this photodiode structure is that it
collects photoelectrons (i.e., carriers) 120 generated below the trench
depth (i.e., beneath the volume occupied by the trench electrodes) where
the diminishing electric fields will sweep the carriers to appropriate

35 device terminals with less speed than the carriers generated between the
trenches, resulting in a lower bandwidth than if the carriers are
collected only from the region between the trenches.
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phot odi ode structure is enployed as a differential detector 200, asé%?omn
in Figure 1(b), substrate noise will be injected directly into the MAR 2005
preanplifier-210 fromthe diode termnal which is connected to the
substrate 220 and the inpedance of that substrate node will not be the
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i npedance is, therefore, created at the input. Therefore, this photodiode
can operate as a single-ended detector but not as a differential detector
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seeks to provide an inproved phot odi ode structure. According to an aspect

of the preseritsubstiaéati on, there is provided a seni conductor device for
photodetectlon rat.e; .a.wafer formed on ald ubstrat e,
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According to an embodiment of the present invention, a semiconductor device for
photodetection is provided, comprising: a substrate; a wafer formed on said substrate, said wafer
having a silicon layer and an insulating layer, the insulating layer being between the silicon layer
and the substrate; and a plurality of alternating p-doped and n-doped trenches formed in said silicon
layer of said wafer.

In a further embodiment of the present invention, a semiconductor photodiode is provided,
including a substrate, a wafer formed on the substrate and having a silicon layer and an insulating
layer, a plurality of alternating p-doped trenches and n-doped trenches formed in the silicon layer.
The photodiode has a silicon epilayer which is preferably about 8 to 15 microns thick for 80 nm
signals and, for reflection, an insulator layer which is about ¥ wave thick at the signal wavelength,
or about 212 nm thick for 850 nm light. The photodiode further has a set of p-doped trenches and
set of n-doped trenches which are interdigitated and alternated. These trenches are also as deep as
the silicon epilayer and are filled with polysilicon.

In another embodiment, the photodiode has an isolation trench formed in the silicon layer
and surrounding the p-doped and n-doped trenches. The trench is bounded at the bottom by the
surface of the insulator layer (i.e., the trench is as deep as the silicon epilayer). In addition, the
trench may be doped with either p-type or n-type dopants and filled with polysilicon or another
conducting substance. The trench isolates the photodiode from other devices so that the photodiode

may be used effectively as a differential detector.
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said wafer. In a further enbodi nent of the present invention, a

sem conduct or photodi ode is provided, including a substrate, a wafer
formed on the substrate and having a silicon |layer and an insul ating

| ayer, a plurality of alternating p-doped trenches and n-doped trenches
formed in the silicon |ayer. The photodi ode has a silicon epilayer which
is preferably about 8 to 15 microns thick for 80 nm signals and, for
reflection, an insulator |ayer which is2about 1/4 wave thick at the signal
wavel ength, or about 212 nmthick for 850 nmlight. The photodi ode further
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si | i conMSpPPEasyinterfe integrated|cirait of 4 difisesmyialidetes®s. | n anot her enbodi nent ,

t he photodi o i i fQr i il e and.
surroundi ng 9?&“%?5@%3B&Eﬁﬁﬁﬂﬁﬁgigﬁaﬁggh@ﬁg%ﬁmkﬁgkﬁﬁgﬁ%%*?@gﬁtﬁﬁ égﬂgfwyhe
bot t om dyotikewhish ffirtdee isofatdsiiee pmgadiateor | ayer (i.e., the trench is as deep
as the silicon epilayer), | di.tion, the trench y, be doped with either
p-type or n-typ& %‘SYp%ﬁl?Jéj"H?fg 0? e myengip Hhgigsylatey aéf%rrr}%é eggb’f"ﬁ@F hasHelgettif ng
subst ane@ectitigastdckes edflcb SRR HRS hidRnbRAtOde QIR oh kHIMyRE iR

t he phot odi ode may be ugid efféﬁ?ﬁvely as a difgzggngﬁgﬂggg?ggégégs%Eg%%AR
2005 2a"fiRaEpDHIERMSEModi nent of the invention, the SO photodi ode

descri bed above is incorporated into an integrated circuit as a
differential detector. In another enbodi nent of the invention, the
isolation trench is not doped but is filled wwth an oxide which further

i sol ates the photodi ode. In another enbodi nent of the invention, the

i nsul ator layer of the SO wafer has a dielectric reflecting stack to
reflect light that has penetrated the silicon epilayer back into the
trenches thereby increasing responsivity. 2 2 MAR 2005 3 I n anot her

enbodi nent of the invention, the photodiode is tilted at an angle with
respect to an incomng |ight beam The tilting increases the path length
al ong which light enters the



phot odi ode, increasing responsivity. In another enbodi nent of the
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thicker than 4 wavelength of the signal light and is used as a slab waveguide. Light is coupled into

the insulating layer from the edge of the device, and a diffraction grating directs light upward into
the active photodiode layer.

In another embodiment of the invention, the photodiode device is provided without an
isolation trench. This particular structure cannot operate as a differential detector but provides a
high speed single-ended detector.

In yet another embodiment of the invention, a method is provided for forming the SOI
trench photodiode according to its several embodiments,

For a better understanding of the present invention, reference will now be made to the
accompanying in which, by way of example:

Figure 1(a) shows the lateral PIN diode structure of a conventional bulk trench photodiode;

Figure 1(b) shows a symbolic equivalent of the conventional photodiode;

Figure 2(a) shows the base insulating layer structure of a photodiode according to the

present invention;



5 invention; Figure 4 Shows an Sol trench photodiode Wth a prismatic cover’
-according to an enbodi ment of the present invention; Figure 5 sho@g mml

trench photg, iOQ/ﬁﬁ)oXVith an etched silicon epilayer according to an
enbodi nent of the present invention; 10 Figure 6 shows an SoPCT/GBNL0M336

phot odi ode having a thick insulating |ayerf for a waveguide according to
“an enbodi nent of the present invention; Figure 7 shows a flow di agram
illustrating a preferred nethod for formng an Sol trench phot odi ode

according to the mE@sLAiL) RYEHE | ORymi .gure S n-type and p-type
trenches astéogrp%%bg&%gr ding toats pggf%urgga eﬁgt%ggﬁo?hqteémquaamy)&g
trench phot odi ode 3eESrar iy £Be tfﬁése’ﬁ:r d8EitirPwent i on. . Referri ng now to
the drawi ngs, Figure 2 (a) illustrates an Sol trench photodi ode 300

according to a pregers edsmeosi tBN18f of NP EIGRE ntion. 20 |
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preferred eg}%oditgen:t of The present 1 nveht ot iSARPHFERt 0f Sbe mespent 310
forned on a 8TT1¢8W substrate 320. The wafer 310 includes a silicon

epil ayer .330 which is preferably about 8 microns thick (the top-surface
active |ayer of Fbgukoadabusoln Bk lralich lonbEsdiBhenyied | 9, 95,an . epll aver

25 herein) t ' er | n i nsulator layer * Cchover
pref erabl y 3%%%%?@@*%&Qt$h%9§%€n}égﬁ ?fﬁﬁ? REsvettenBTeRtifmck (e.g., roughly 212

nmthick for 850 nm signal wavel ength) . The insulating |layer 340 on the
silicon wafer 318ignxy beshows(n Sol |trensh @KbEM1cEARARLT & QL ALY 59%#%5
' ich is 30

i nsul ating epilekkalacebrddiaCho Sl gl%ga-ggﬁ onded oy grown, an
commonly used in the art. O her di mer115| onggo et%’éesv?/ﬁ; VAL Hs  t hi ckness,

| eggc; h and width,, are standard wafer di nensions in the sem conductor
i ndust ry. WD 02/ SY5(§ & shows an SOI trench photodiode having a thick insulating

layer for a waveguide according to an embodiment of the Present invention:
I

Figure 7 shows a flow diagram illustrating a preferred method for

forming an SOI trench photodiode according to the present invention: and

Figure 8 shows n-type and p-type trenches as formed according to a

15 preferred method for forming an S80I trench photodiode according to the
Present invention.

-Referring now to the drawings, Figure z(a)‘illustrates an SOT trench
rhotodiode 300 according to a preferred embodiment of the present
invention. '

20 i i ‘

Generally, as shown in Figure 2(a) the trench photodiode according

to the preferred embodiment of the present invention includes an SOI wafer

310 formed on a silicon substrate 320. The wafer 310 includes a gilicon

epilayer 330 which is préferably about 8 microne thick (the top-surface
active 1ay§r of the bhonded SOI wafer will be referred to as an “epilayexr”
25 herein). Beneath the epilayer is an insulator layer 340 which is

preferably about % of the signal light wavelength thick (e.g., roughly 212

nm thick for 850 nm signal wavelength) . The insulating layer 340 on the

silicon wafer 310 may be, e.g., silicon oxide; sapphire or any other
insulating material on which silicon may be bonded or grown and which is
30 commonly used in the art., Other dimensions of the wafer such as

thickness, length and width, are standard wafer dimensions in the
semiconductor industry,
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the epilayer, isolation is inproved over the standard bul k trench detector
desﬁsgn 100. Figure 2(b) shows a symbolic equivalent of the inventive photodiode

and specifically indicates the electrical isolation of the device from
other devices caused by the isolation trench 350. This isolation allows
the inventive photodiode to be used as a differential detector 410 in an
optoelectrical circuit 400.

20 It is preferred that the isolation trench 350 is formed as déep as
the silicon epilayer 330. In other words, the bottom of the isolation
trench is the top of the insulator layer. This helps to ensure that the
carriers injected into the epilayer by other electronic devices formed in
regions adjacent to the photodiocde do not reach the sensitive photodiode

.25 . - device. Therefore, the device is less susceptible to coupled noise from
other circuits fabricated along with the photodetector. In fact, even if
. the isolation trenches are not as deep as the epilayer, isolation is
improved over the standard bulk trench detector design 100.

In addition, the surface of the isolation trench 350 is either

30 p-doped or n-doped, depending on whether the subsgtrate onto which the
wafer is bonded is p-type or n-type. For example, if the substrate is
p-type, the surface of the isolation trench 350 ig n-doped and the
isclation trench 350 would be connected to a quiet Vdd to isolate the
photodiode. Conversely, for an n-type substrate, the surface of the

35 '~ isolation trench 350 is p-doped, in which case the isclation trench 350

' would be connected to a quiet ground.
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[ the surface of the isolation trench 3 : - do
:)II:] ra]-figl);legn, dependi ng on whet her the substrate onto which the waf er2? %A&éﬂm

[ bstrate is -type, t
] i n-type. For exanple, if the su _ ;
ESP?ggel 2f pyggp?ggg?ation trench 350 is n-doped and the isol ngﬁﬁ/@@@?éh

[ [ he phot odi ode.
nnected to a quiet Vdd to isolate t ( _
gggvﬁ?ggﬁybefg? an n-type substrate, the surface of the 35 |soLat|onné£?23h
350 is p-dbped in which case the isolation trench 350 would be con

(0,25l ounds 0 bavssaadceidd MU0, FGY QO IR LN IN,
enbodi ment shewse bﬂtﬁem&&@néxeﬁe%f@?}é‘@fﬂ%rtgﬁg :%ng‘glﬁsr dtthaddciy\aret hurrpeudest bpn
trench 350, RE SABHER fEsach S50 Seoivmeriiictue 6ts S0 erenchsh 9RNaI e
gagnicnt er di GiEemeding angr ntertiagnakd dioosrmvet TatRkM F!dilélgé mg' ng,é[fpé\ggg ley

is tHe intridnsimy,Subater at es dopi N, The }{éﬁéggggé ng‘%(%?%%?\?ﬁ%ar 3

me SheeL RS deen apoyt .1 trenghes 520, 530
b ! n . . :
;g;orgt ?oﬁugrg e? %)r gg EShert i |§"§FF‘?‘E,SOHG?R) 258 0rhout51 48 of omsnicrdhutde.

th 0, nmli . -
for a tr encgﬁgeﬂteha’?ﬁorgtfﬁrbtdﬁﬁg} ap ot W %ight tﬂmesilgh?l ﬁg@ha@i 'fggr_nrihérl?)ﬁ&
phot odi ode d&tecer antkéngedeptt ercamitodis, DeUl A8 del PN Tedne oppeasiting g
al ternat i ngtbe 'mmoa(&;%eé‘%? oﬁr“tgépg%%tg %%%l txﬁ'teljieﬁg%egofvi%nt‘é‘fn*ﬁé- top of
nmetal lization is then deposited- ( ( i | enat h
- tion to contact the entire gtt
the,;grenches. This allows the netalliza - Cd te that
of the rench ol (4 FERC Corpanriatsab EM RS A o IS
the metal | i Pakvedhiessul anQ)g\edglphgatm hé\tﬂheﬁa?]etﬂagh té?g WOEP%Z rtgauce t he
530 to contpelysthiccdope dree 8bE Qrdeicd QE%nchétL}]qug% ea&qﬁg?ﬂzﬂxp%ﬁljr%ttiﬁ@ to
parasitic sekltese N8l aLaniee; pLesent %% ) Btodr8ds mPat wopracieds withcost |y
t he speed of - the *55httodredes P.
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15 the alternating trenches 520, 530 to contact the doped semiconductor.
Although this would reduce the parasitic series resistance bresented by
the doped polysilicon in the trenches and increase the speed of the
photodiode, thisg process is costly and, theréfore,
the preferred embodiment).

polysilicon is used in

20 In addition, the inventors have found that the inventive photodiode

.can be formed without an isolation trench so as to operate not ag a
differential detector, but as a high speed single-ended detector.

This unique and uncbvious design results in a photodiode 300 which
is electrically isolated from the bulk sgubstrate 32¢ and, therefore,

does
25 not inject substrate noise into the circuit.

In addition, the inventive

the trenches 520, 530 and
is, therefore, faster than conventional photodiodes,

rhotodiode does not collect carriers 360 below

It is noted that, in a modification of the above, the isolation
trench 350 could be left undoped and still provide greater isolation than
30 conventional devices. Further, an oxide could be grown in the undoped

isolation trench 350 which would isolate the photodiode 300 even more
effectively than a doped trench.

Furthermore, the responsivity of the photodiode 300 can be increased

1 alternative methods which seek to guide or deflect
light away from simple normal incidence to a more oblique angle,

preferably in a direction parallel to the long axis of the trench
electrodes.

using any of severs
a5

This has the effect of increasing the optical path length
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It is notedeldiatrpdé mrea mdigécalb@iroat ideasakave, inoheades abalden ch%@i‘%cigSO

coul d be | ehicrindangd apoeldd baDrodLde ALeahan ol Solation than 3.

conventional devices. Further, an oxide “cou e grown in the undoped

i solation trench 350 which would isolate the photodi ode 300 even nore
effectively thanTee ¢bpeafiirderidl. couict hertidted athen regpomstly ivegpedt thethe
‘phot ®di ode” A@dntag et NekAaIRPendiSigNen MY @fgrefUe ghid LA naLLyq et hods

[ ' ' Lect |, ro i npl ormal i ncidence
te S“n?)?ik@ﬁi%ﬂ?%aé%%%%%ﬁ&?%i'ysg-.*f%c%%’%‘%/dr BET g1 TRl s 6 (etiong

axis of the tTreRBH e ofTer Btids PeTaAme hedosf neffsrteat ie pevimeser mf the
optical patPRIteddede WeG2LRDD(E8cTea2e2wMARNOME o FETEGR)1HOAZREs aMall abl e to

generate catdiaalyg M bhowlllr egidc o0 GeSteieht Lantlss 6Lt ge%lmgg{]ire%qe ar ea.
Larger el ectrode areas woul d increase detector capacitance wth adverse

[ t on electrjcal performance. The phot odi ode 300 could be tilted at an
:ag (g Wi th respe %da"ttbgfaﬁéy' 5 PHLHAG F9VGHt S Wearn=hpependFayrent t keutiegree
to which theffixgfittd she dobi efatebe, fiiehgnbhot@ngad 3bs. | meE eased R¥rlcdd COS
g) where ( h&uabBy incident incoming light 620 (according to Snell’s law) to create

the obligue light path 630 into the photodiode 300.

Moreover, instead of using the prismatic cover 610, the inventive
15 photodiode could have a silicon epilayer 330 of the SOT wafer 310 that is
' etched (by using, for example, potassium hydroxide) to form either
prismatic 710 or tetrahedral 720 features as shown in Figure 5. Like the
above-mentioned prismatic cover 610, this etching creates an oblique light
path 630, increasing responsivity. However, this structure has the
20 diséavantage of having a non-planar surface for subsequent processing, and
would require additional care to maintain surface passivation and metal
line integrity for connections to the doped trenches,

In all of these configurations, the insulating layer 340 can be
enhanced to act as a backside reflector. This can reeult in a
25 photogeneration region bounded on top and bottom by reflective layers,
acting either as Bragg reflectors or by total internal reflection
respectively. Therefore, the quantum efficiency of the photodiode 300 is
greatly enhanced without increasing the electrode capacitance.

Furthermore, as shown in Figure 6, the SOI wafer 310 could include a

30 thicker insulaﬁing layer 340 and a diffraction grating 830. Specifically,
the insulating layer 340 could be formed sufficiently thick (about 10
microns) to accept light from the core 810 of a butt-coupled fiber 805, or
from an optical lensing system to focus the light into the thick
insulating layer 340, so that the light is guided using the insulating

35 layer 340 as a Waveguide. The diffraction grating 830 could be formed in
the insulating layer 340 by ion implantation or other ﬁethods. The
diffraction grating 830 diffracts the light in the waveguide up to the
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a conductive material which acts as one of the electrodes of the
photodiode.

The surface of the wafer is then planarized 950 by polishing.

As shown in Figure 8(¢c), in step 960 through 980, steps 930 through

950 are repeated to'deposit n-type material into the other trenches so as
to form the n-type trenches.

20

Metallization is then bonded 990 to the polysilicon or otherx
conductive material at the top of the trenches.

Alternatively, both the b-type and n-type trenches could be etched
25 in the same step, and a photoresist used to block alternate trenches, 1In
that case, the open trenches would be processed as in steps 940 to 950
with a p-type material. ' The photoresist would then be removed and a
second photoresist layer would be applied to cover the trenches already
processed. An n-type material would then be deposited in the empty set of
30 alternating trenches as in steps 970 thfough 980. The photoresist would
be removed and, after the wafer is polished if needed, metallization would

be bonded to the polysilicon or other conductive material at the top of
the trenches.

doped with n-

During this process, the isolation trench 350 would be

type material or a p-type material, depending on whether the

35 substrate was p- substrate or n+ substrate, as explained above.
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incident light at a more obligue angle, the responsivity of the diode will
be increased even further with no increase in device capacitance.

15 While the invention hae been described in terms of preferred
embodiments, those skilled in the art will recognize that the invention

can be practiced with modification within the scope of the appended
claims.




that case, the open trenches would be processed as in steps 940 to 950
‘wWith a p-type material. The photoresist would then be renoved and pZAﬂRQm?d
phot oresi st | ayer woul d be applied to cover the trenches already

processed. An n-type material would then be deposited in the enpty set of
30 alternating trenches as in steps 970 through 980. The photoresist would
be renoved and, after the wafer is polished if needed, netallization would
be bonded to the polysilicon or other conductive nmaterial at the top of

the trenches. During this process, the isolation trench 350 woul d be doped
with n-type material or a p-type material, depending on whether the 35
substrate was p- substrate or n+ substraie, as expl ai ned above. 22 MAR2005
WO 02/ 29903 PCT/ GB01/04336 9 Alternatively, the isolation trench 350 could
be | ef twupdoprinand: enpty or, a thin thernmal oxide |layer may be formed on
the walls of the isolation trench 350. Any of the above neasures may
provi de adequate isolation of the photodiode 300 fromcircuits in the
surroundi ng epil & I uni . j features electrically
isolatepthe fﬁ%%ﬁ%@&gC%ﬁﬁ%ﬁgﬁﬁéggﬁ9§%%¥#ﬁggﬁtﬁﬂé'ubstrate and, therefore,
prevent the phobatiagde fromreceiving substrate noise injected fromthe
rest of the circui#. i addi tion, these features prevent the inventive
phot odi ode f rotlEs ofraed Phipld ubsirdtersaidyeatenaving & yliseanusT apdat wpYatingdpyeg i t
faster than } : IHOges ) i f
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i n deviwan&sipgti inandzatidd Wil e the invention has been described in terns
of preferred enbodinents, those skilled in the art will recognize that the
invention can be practiced with nodification within the scope of the

appended The semiconductor device according to claim 1, wherein said substrate comprises silicon.

3, The semiconductor device according to claim 1, wherein a thickness of said silicon layer is

substantially 8 microns.

4, The semiconductor device according to claim 1, wherein said semiconductor device is tilted
to a predetermined angle in a direction parallel to a long axis of said p-doped trenches and said n-
doped trenches, and wherein a light beam is directed to said semiconductor device and is deflected

at an angle which is more oblique than normal incidence.

5. The semiconductor device according to claim 1, further comprising:

a prismatic cover which covers said silicon layer for refracting an incoming light beam.

6. The semiconductor device according to claim 1, wherein prismatic or tetrahedral features

are anisotropically etched on a surface of said silicon layer for refracting an incoming light beam.

7. The semiconductor device according to claim 1, further comprising:



claims. 2 2 MAR 2005 10 What is clained is: 1. A sem conductor device for
-photodetection conprising: a substrate; a wafer fornmed on said suEit ﬂ%ﬁ
sai d wafer having a silicon |layer and an insulating layer; a plura it@ 0
al ternating p-doped trenches and n-doped trenches and an isolation trench
formed in said silicon |layer of said wafer; a polysilicon layer formed in
said alternating p-doped trenches and n-doped trenches for connecting to
nmetal li zation. 2. The semi conductor device according to claim1l1, wherein
said substrate conprises silicon. 3. The sem conduct or device according to
claim1l1, wherein a thickness of said silicon |ayer is substantially 8

m crons. 4. The sem conductor device acd¢brding to claim1, wherein said
sem conductor device is tilted to a predeternmined angle in a direction

parallel to aa URN@traXitckofor@ad 6h Bail GRRthting e e @Mtﬁ@&f@t‘:ﬂ'&ctlﬂ%ﬂ@ﬂt into said
trenches, and wherein a light beamis directed to said Sem conductor device

and is @Im@é@g@ddomﬂ trigpchen gnen-wiapechirinsheasiesignesl togellect hasbsabediisht ofdhaisgnad.

5. The g d t [ ur, c S|n

o i st [ ERRE kR, R -En? SR el 3l o glehitilrer PIBOUC IRssR: 2

| i ght bemavitdnce gdraltgem conduct or devi ce accordlng to claim1l1, wherein
prismatic or tetrahedral features are anisotropically etched on a surface
of said silicon layer for refracting an incomng |ight beam 7. The

sem conguct orTigleshfiCorRGEBF Givic: e{c‘éorﬁl@' tmcialmf URIHRRSn Qd?mshﬁh lay€r gon%ﬁeszg 05
11 a dielectric stack formed in said’insul atlng | ayer for se ectlve

ref | ect thirk insudaiingilises whighdictsis mavayaguidgy apd @l@qbé@/lw rbéreompridesn- doped
trenches desi L Re i gl e ngth

t hereby incr eaggﬁﬁa&ﬁhe&; "Sﬁi?um g?ﬁ%cﬁe%g{lf oFﬁl?tﬁI@ é grul(S?t g‘?%c\}\nl@}/ {%eni)%dsail ng
a capavohtadenpth pentk symic8nduttee dsdme.conduct or devi ce according to claim1l,
wherein said insulating | ayer conprises a

9. The semiconductor device according to claim 1, wherein said isolation trench comprises a
p-doped or n-doped isolation trench formed in said silicon layer of said wafer and surrounding said

alternating p-doped trenches and n-doped trenches.

10. The semiconductor device according to claim 9, wherein said substrate comprises silicon.

1. The semiconductor device according to claim 9, wherein said isolation trench electrically

insulates said semiconductor device from said substrate.

12. The semiconductor device according to claim 9, wherein said substrate comprises a p-type
substrate, and wherein said isolation trench comprises an n-doped trench and is coupled to receive a

predetermined voltage.
13. The semiconductor device according to claim 9, wherein said substrate comprises an n-type
substrate, and wherein said isolation trench comprises a p-doped trench and is coupled to receive a

predetermined voltage.

14. The semiconductor device according to claim 9, further comprising:



thick insulating | ayer which acts as a wavegui de; and said device further
-conprises: a diffraction grating fornmed in said thick insulating Isrzr hg
diffract light at the signal wavelength into the sem conductor de (MA 005
The sem conduct or device according to claim1, wherein said isolation
trench conprises a p-doped or n-doped isolation trench forned in said
silicon |layer of said wafer and surrounding said alternating p-doped
trenches and n-doped trenches. 10. The seni conductor device according to
claim9, wherein said substrate conprises silicon. 11. The sem conduct or
device according to claim9, wherein said isolation trench electrically

i nsul ates said sem conductor device from said substrate. 12. The

sem conduct or device according to claim9, wherein said substrate conprises
a p-type subsfiidh8xideMelbRiii dh Sitfcd ShAlit@Ridn'tRAeh conprises an n-doped
trench and is coupled to receive a predeterm ned voltage. 13. The

sem conduct or device according to claim9, wherein said substrate conprises
an n-type s t d wherein said iisolati.on.trench conprises a.p-doped
rench Bnd + 4 eotfl o ER LOE SsBuBR RS it b SPFihgEr TR iR 1By 2P
sem condugionlldewmicenaccording to claim9, further conprising: 2 2 MAR 2005
12 a silicon oxide |layer grown on a surface of said isolation trench. 15.
The sem conduct or device according to claim9, wherein a thickness of said
silicong ayerTh'e%@mQHll?(ﬁltvc\:Eﬁhhﬁké YocBrdMeSlo ¥m g}@hegﬂﬁaﬁﬁmwf?ﬁm& PleyiRYS Gfted
according to claim9, erein said sem conductor device Is tilted to a

pr edet &p mipredttamgled angleandi disctigroparpléal 46 hddong axisof sidypalopsd wénched ghdpsattbped

h id n- d t. hes. ' i gh i s di
Lo sar aueahieRRinerd BT o VeRTRIRCH dBPaliEh™ Refcondir B50R i £ acfighe”

obl i quet kihamplOohivhlis moed dbigeethad AormiléhciRAteconduct or devi ce according to
claim9, further conprising: a prismatic cover which covers said silicon
| ayer for refracting an incomng |ight beam 18. The sem conduct or device

accor dig t 0 ThkadMcdnduelieueiBe RIcb IR hCldh of Rifeh&@lsideat ures are
ani sotropically etched on a surface of said silicon layer for refracting an

i ncomi ng | i ghtrriseate caver witleh ceears sradhsilicandpyatdon refracingandagoqinglightdieam9,
further conpri sing:
18. The semiconductor device according to claim 9, wherein prismatic or tetrahedral features

are anisotropically etched on a surface of said silicon layer for refracting an incoming light beam.

19. The semiconductor device according to claim 9, further comprising:
a dielectric stack formed in said insulating layer for selectively reflecting light into said
alternating p-doped trenches and n-doped trenches designed to reflect unabsorbed light of the signal

wavelength, thereby increasing the quantum efficiency of the structure without imposing a

capacitance penalty.

20. The semiconductor device according to claim 9, wherein a thickness of said silicon layer is

equal to a depth of said isolation trench.

21. The semiconductor device according to claim 9, wherein said insulating layer comprises a

thick insulating layer which acts as a waveguide; and said device further comprises:



a dielectric stack forned in said insulating |layer for selectively
.reflecting light- into said alternating p-doped trenches and n-doped
trenches designed to reflect unabsorbed |ight of the signal mavelez@tMMRHM5
t hereby increasing the quantum efficiency of the structure w thout inposing
a capacitance penalty. 20. The sem conductor device according to claim?9,
wherein a thickness of said silicon layer is equal to a depth of said

i solation trench. 21. The sem conductor device according to claim?9,
wherein said insulating | ayer conprises a thick insulating |ayer which
acts as a wavegui de; and said device further conprises: 2 2 MAR 2005 13 a
diffraction grafting fornmed in said thigk insulating |layer to diffract

light at the signal wavelength into the sem conductor device. 22. The

sem conduct or ' 0 i @l i z r '
trenches hav?ggﬁégggpéaﬁkgfﬁgg%% gg?émﬁ? 5%g§ng?§ﬁgﬁ%gﬂ%%ﬂgﬁggggﬁﬁtﬁgﬁ%s
havi ng waddemegth indd ths se@Bondiveorsieviceonduct or device of claim 1, wherein said
p- doped trenches conprise trenches having p-type material diffused
therein, and said n-doped trenches conprise trenches having n-type

mat eri abz di f f OgeskrhibeidRLRdr davide \WNRIa8h D, SAicteiR RhiMS-Hbse@NrdrRHEY cdnSprisertfiRehean

said p-type material and said n-type material in said trenches.
having p-doped walls and said n-doped trenches comprise trenches having n-doped walls.

23, The semiconductor device of claim 1, wherein said p-doped trenches comprise trenches
having p-type material diffused therein, and said n-doped trenches comprise trenches having n-type
material diffused therein, and wherein said polysilicon layer is formed on said p-type material and

said n-type material in said trenches.



