wo 2007/103255 A2 |10 0 0O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O 0 O

International Bureau

(43) International Publication Date
13 September 2007 (13.09.2007)

(10) International Publication Number

WO 2007/103255 A2

(51) International Patent Classification:
HOIL 27/14 (2006.01)

(21) International Application Number:
PCT/US2007/005498

(22) International Filing Date: 2 March 2007 (02.03.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/778,480 2 March 2006 (02.03.2006) US

(71) Applicant (for all designated States except US): ICEMOS
TECHNOLOGY CORPORATION [US/US]; P.o.box
24619, Tempe, AZ 85285 (US).

(71) Applicant and

(72) Inventor (for all designated States except US): MACNA-
MARA, Cormac [GB/GB]; 128 Sunnyside Street, Belfast,
BT7 3EG, Northern Ireland (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WILSON, Robin
[GB/GB]; 60 Bangor Road, Holywood, Co. Down,
BT18 OLN, Northern Ireland (GB). BROGAN, Conor
[GB/GB]; 19gilnahirk Rise, Belfast, BTS 7DT, Nothern
Ireland (GB). GRIFFIN, Hugh, J. [GB/GB]; 27 Arthur
Avenue, Newtowabbey, Co. Antrim, BT36 7EJ, Northern
Ireland (GB).

(74) Agent: SIMMONS, John, D.; Akin Gump Strauss Hauer
& Feld, Llp, One Commerce Square, Suite 2200, 2005
Market Street, Philadelphia, PA 19103 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,

JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,

LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,

NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,

SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,

PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: PHOTODIODE HAVING INCREASED PROPORTION OF LIGHT-SENSITIVE AREA TO LIGTH-INSENSITIVE
AREA

(57) Abstract: A photodiode having an increased proportion of light-sensitive area to light-insensitive area includes a semiconduc-
tor having a backside surface and a light-sensitive frontside surface. The semiconductor includes a first active layer having a first
conductivity, a second active layer having a second conductivity opposite the first conductivity, and an intrinsic layer separating the
first and second active layers. A plurality of isolation trenches are arranged to divide the photodiode into a plurality of cells. Each
cell has a total frontside area including a cell active frontside area sensitive to light and a cell inactive frontside area not sensitive to
light. The cell active frontside area forms at least 95 percent of the cell total frontside area. A method of forming the photodiode is
also disclosed.



10

15

20

25

30

WO 2007/103255 PCT/US2007/005498

TITLE OF THE INVENTION

Photodiode Having Increased Proportion of Light-Sensitive Area to Light-Insensitive

Area

BACKGROUND OF THE INVENTION

Embodiments of the present invention relate to a positive-intrinsic-negative (PIN) or
negative-intrinsic-positive (NIP) photodiode array and a method for manufacturing a PIN/NIP
photodiode array.

Positive-intrinsic-negative (PIN) photodiodes (or “PIN diodes™) are known in the art. A
PIN photodiode includes a lightly doped intrinsic region sandwiched between more heavily p-
doped and n-doped semiconducting regions which function as anode and cathode, respectively.
A sensor surface of the PIN photodiode is typically coated with an oxide or nitride passivation
layer. The PIN diode’s name derives from the order of the layering of the positive, intrinsic, and

negative (P-I-N) matenals.

Broadly speaking, a photodiode is a semiconductor device that converts light to electrical
current. A PIN diode typically exhibits an increase in its electrical conductivity as a function of

the intensity, wavelength, and modulation rate of the incident radiation.

BRIEF SUMMARY OF THE INVENTION

Briefly stated, an embodiment of the present invention comprises a photodiode having an
increased proportion of light-sensitive area to light-insensitive area. The photodiode includes a
semiconductor having a backside surface and a light-sensitive frontside surface. The
semiconductor includes a first active layer having a first conductivity, a second active layer
having a second conductivity opposite the first conductivity, and an intrinsic layer separating the
first and second active layers. A plurality of isolation trenches are arranged to divide the
photodiode into a plurality of cells. Each cell has a total frontside area including a cell active
frontside area sensitive to light and a cell inactive frontside area not sensitive to light. The cell

active frontside area forms at least 95 percent of the cell total frontside area.

Another embodiment of the present invention comprises a method of manufacturing a
photodiode having an increased proportion of light-sensitive area to light-insensitive area. The
method includes the step of providing a semiconductor having a frontside surface and a backside
surface. The semiconductor includes a first active layer having a first conductivity, a second

active layer having a second conductivity opposite the first conductivity, and an intrinsic layer
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separating the first and second active layers. The method further includes the step of forming
isolation trenches arranged to divide the photodiode into a plurality of cells. The isolation
trenches have a depth to width ratio of at least 5.0. The method also includes the step of forming
a via in each cell. Each via has a length to diameter ratio of at least 7.0. The method still further
includes the step of forming a frontside electrical contact for each cell in electrical
communication with the second active layer and the via. Each cell has a total frontside area
including a cell active frontside area sensitive to light and a cell inactive frontside area not
sensitive to light. The cell active frontside area forms at least 95 percent of the cell total

frontside area.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The following detailed description of the preferred embodiments of the present invention
will be better understood when read in conjunction with the appended drawings. For the purpose
of illustrating the invention, there are shown in the drawings embodiments which are presently
preferred. It is understood, however, that the invention is not limited to the precise arrangements

and instrumentalities shown. In the drawings:

Fig. 1 is a frontside plan view of a photodiode in accordance with a preferred
embodiment of the present invention, shown with peripheral and interior isolation trenches

omitted and a frontside oxide layer also shown omitted;

Fig. 2 is a side cross-sectional view of the photodiode of Fig. 1, taken along line 2-2 of
Fig. 1; and

Figs. 3A-3D are a flow diagram of steps of a manufacturing process for producing the
photodiode of Fig. 1. A ‘

DETAILED DESCRIPTION OF THE INVENTION

Certain terminology is used in the following description for convenience only and is not
limiting. The words “right”, “left”, “lower”, and “upper” designate directions in the drawings to
which reference is made. The words “inwardly” and “outwardly” refer direction toward and
away from, respectively, the geometric center of the object described and designated parts
thereof. The terminology includes the words above specifically mentioned, derivatives thereof
and words of similar import. Additionall&, the words “a” and “an” as used in the claims and in

the corresponding portion of the specification, mean “at least one.”
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~ As used herein, reference to conductivity will reflect the embodiment illustrated and
described. However, those skilled in the art know that p-type conductivity can be switched with
n-type conductivity and the device would still be functionally correct. Therefore, where used
herein, the artisan will recognize that p-type conductivity could be substituted where reference is

made to n-type conductivity, and vice versa.

Figs. 1 and 2 are shown at a scale greatly enlarged from the actual dimensions of the
physical embodiment of the photodiode illustrated. However, relative proportions of elements of

the photodiode illustrated are to shown to scale.

Referring to the drawings in detail, wherein like reference numerals indicate like
elements throughout, there is shown in Figs. 1-2 a positive-intrinsic-negative (PIN) photodiode
10 in accordance with a preferred embodiment of the present invention. The PIN photodiode 10
is preferably separated into a plurality of cells 20. Four cells 12 are illustrated in Fig. 1, although
a greater or lesser number of cells 12 is possible in some applications. The photodiode 10 is a
semiconductor having a light-sensitive frontside surface 12 and a backside surface 14. The
photodiode 10 includes a semiconductor substrate 30 forming a first active layer 32. The first
active layer 32 has a backside surface 34 and a frontside surface 36. The first active layer 32 is
heavily doped with a dopant having a first conductivity. The first conductivity is preferably n-
type, and the first active layer 32 preferably forms a cathode. Alternatively, the first conductivity
could be p-type, and the first active layer 32 could form an anode. Preferably, the substrate 30 is
formed of silicon (Si), but alternatively could be formed of other materials such as gallium
arsenide (GaAs), germanium (Ge) and other suitable materials well-known in the art of

semiconductor manufacture.

A second semiconductor layer 40 ié formed on the substrate 20, and is subsequently
processed to form an intrinsic layer 50 and a third layer 60. The second layer 40 has a backside
surface 42 adjacent the first active layer frontside surface 36 and a frontside surface 44. The
second layer 40 has a second conductivity, and preferably the second layer 40 is initially lightly
doped with an n-type dopant. Alternatively, the second layer 40 could be formed from a
semiconductor material containing substantially no impurities. In forming the third layer 60, an
upper portion of the second layer 40 is more heavily doped, as described further below, leaving a
lower portion of the second layer 40 to form the intrinsic layer 50, having the same doping

characteristics as the initial second layer 40.

The third semiconductor layer 60 forms a second active layer 62 having a second

conductivity opposite the first conductivity. The third layer 60 is formed by blanket doping the
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upper portion of the second layer using a dopant having a conductivity opposite to the first
conductivity. Thus, preferably the conductivity of the second active layer 62 is preferably p-
type, and the second active layer 62 preferably forms an anode. Alternatively, the second
conductivity could be n-type, and the second active layer could form a cathode. The second
active layer 62 has a backside surface 64 and a frontside surface 66 (coincident with second layer

frontside surface 44). The intrinsic layer 50 separates the first and second active layers 32, 62.

Preferably, a frontside oxide layer 70 is formed on the second active layer frontside
surface 66. The frontside oxide layer 70 has a backside surface 72 adjacent the second active
layer frontside surface 66 and a frontside surface 74. The oxide layer 70 if provided forms a

dielectric interference reflector which improves the light absorption efficiency of the photodiode
10.

Preferably, a backside oxide layer 90 is formed on the first active layer backside surface
34. The backside oxide layer 90 has a backside surface 92 and a frontside surface 94. The

frontside surface 94 is adjacent the first active layer backside surface 34.

A plurality of isolation trenches 100 are formed and function at least in part to separate
the photodiode 10 into the cells 20. As is known in the art of semiconductor manufacturing, the
trenches 100 reduce electrical crosstalk between the cells 20. The trenches 100 are of a depth D,
extending through the second active layer 62 and the intrinsic layer 50, and at least partially into
the first active layer 32. Both peripheral trenches 102 and interior trenches 104 are preferably
provided. The peripheral trenches 102 extend about an outer periphery of the photodiode 10.
The interior isolation trenches 104 are arranged to divide the photodiode 10 into the cells 20,
electrically isolating each of the cells 20 from one another. Each trench 100 includes a trench
bottom 106 positioned at depth D from the second active layer frontside surface 66 and trench
sidewalls 108. As discussed further below, the trench sidewalls 108 may be lined with an oxide
or nitride coating to form a dielectric film 110 on the sidewalls 108. Alternatively, the sidewalls
108 could be doped with a dopant of the first conductivity to form sidewall active diffusion
regions extending the isolation trench depth along each isolation trench sidewall 108. The
isolation trenches 100 are filled with a material such as polysilicon 112. The interior trenches

104 have a width W. Preferably, a ratio of the depth D to the width W is at least 5.0.

Each cell 20 is provided with a via 120 for electrically connecting the second active layer
62 with a backside contact pad 150. Each via 120 is preferably circular in cross-section, having

a diameter ®. Alternatively, other cross-sectional shapes could be provided. Note that whatever
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cross-sectional shape is provided, an equivalent circular shape exists, having an equivalent area

(and a diameter corresponding to that equivalent area).

Each via 120 has a first end 122 proximate the photodiode frontside surface 12 and a
second end 124 proximate the photodiode backside surface 14, and a length extending between
the first and second ends 122, 124. Preferably, the length of each of the via 120 is at least 7
times greater than the diameter (or the diameter corresponding to an equivalent circular area) of
the via 120.

Via sidewalls 126 are lined with an oxide or nitride coating to form a dielectric film 128
on the sidewalls 126. The dielectric film 128 is formed of a material and with a thickness
suitable for allowing the dielectric film 128 to withstand voltage differences created across the
dielectric film 128. The vias 120 are filled with a conductive material 130 such as doped

polysilicon, of the conductivity type of the second active layer 62 (that is, preferably p-type).

A frontside electrical contact 140 is formed on the photodiode frontside surface 12, and
provides an electrical path between the second active layer 62 within a given cell 20 and the via
120 associated with that cell 20. The frontside electrical contact 140 has a first end 142 in
electrical contact with the via 120, and a second end 144 in electrical contact with the second
active layer 62. The frontside electrical contact 140 has a length L in a direction substantially
parallel to the frontside surface and extending between the connection to the via and the
connection to the second active layer. The length L is preferably no greater than three times the
via diameter @ (or the diameter corresponding to an equivalent circular cross-sectional area of
the via).

In the embodiment illustrated, the frontside electrical contact first end 142 extends
through a via contact window 80 formed in the frontside oxide layer 70, while the frontside
electrical contact second end 144 extends through a second active layer contact window 78.
Furthermore, the embodiment illustrated includes a portion 76 of the frontside oxide layer 70
positioned beneath the frontside electrical contact 140: If desired, to reduce a length of a path
between the frontside electrical contact first and second ends 142, 144, the second active layer
contact window 78 and the via contact window 80 could be connected to eliminate the portion 76

of the frontside oxide layer 70 positioned beneath the frontside electrical contact 140.

A second active layer backside electrical contact 150 is formed on the photodiode
backside surface 14, and provides an electrical contact allowing connection of external devices

(not shown). The second active layer backside electrical contact 150 has a first end 152 in



10

15

20

25

30

WO 2007/103255 PCT/US2007/005498

electrical contact with the via second end 124. In the erﬁbodiment illustrated, the second active
layer backside electrical contact first end 152 extends through a via contact window 96 formed in
the backside oxide layer 90.

A first active layer backside electrical contact 160 is also formed on the photodiode
backside surface 14, and also provides an electrical contact allowing connection of external
devices (not shown). The first active layer backside electrical contact 160 has a first end 162 in
electrical contact with the first active layer backside surface 34. In the embodiment illustrated,
the first active layer backside electrical contact first end 162 extends through a first active layer
contact window 98 formed in the backside oxide layer 90.

The photodiode 10 of the present invention provides a second active layer 62 having an
increased proportion of light-sensitive area to light-insensitive area. In the embodiment
illustrated, each cell 20 has a total frontside area equal to a length in a first direction, L,, times a
length in a second direction perpendicular to the first direction, L,. At least 95 percent of the
total cell frontside area is sensitive to light, with the remaining at most S percent of the total cell
frontside area being inactive or insensitive to light. The cell inactive frontside area includes a via
frontside area formed by the via first end 122. The cell inactive frontside area further includes a
frontside area associated with the frontside electrical contact 140. The electrical contact
frontside area is preferably at most 4 percent of the cell total frontside area, while the via

frontside area is at most 2 percent of the cell total frontside area.

The photodiode frontside 12 has a total area including a semiconductor active area
sensitive to light, equal to the sum of each cell active frontside area, and a semiconductor
inactive area, insensitive to light, including each cell inactive frontside area as well as a trench
inactive frontside area defined by upper surfaces of the isolation trenches 100. Preferably, the

semiconductor active area forms at least 90 percent of the semiconductor total area.

With reference now to Figs. 3A-3D, a method 200 of manufacturing the photodiode 10 is
illustrated in diagrammatic form. Steps of the method 200 are designated as “first”, “second”,
etc. for convenience only, and such nomenclature is not necessarily indicative of the order in
which the steps are performed. The method 200 comprises a first step 210 of forming
semiconductor substrate 20 doped to provide the first active layer 32 having a first conductivity.
The substrate 20 may be formed in any number of known, conventional methods, such as float
zone monocrystalline growth techniques or Czochralski (CZ) crystal growth techniques. Ina
second step 220, second layer 30, having a second conductivity, is formed on the substrate 20.

Again, known, conventional methods may be used to form the second layer 30, such as

6
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molecular beam epitaxy or chemical vapor phase epitaxy or direct wafer bonding. In a third step
230, an etch mask (not illustrated) is formed. The etch mask is conventional, for example, a
photoresist mask or a combination oxide and photoresist mask. The etch mask is patterned to

form the vias 120.

Doping is performed by one of ion implantation, solid diffusion, liquid diffusion, spin-on
deposits, plasma doping, vapor phase doping, laser doping or the like. Doping with boron B
results in a more p-type region, doping with phosphorus P results in a more n-type region and
doping with arsenic Ar results in a more n-type region. Other dopants may be utilized such as
antimony Sb, bismuth Bi, aluminum Al, indium In, gallium Ga or the like depending on the

material of the semiconductor substrate 20 and the desired strength of the doping.

The dopants may be applied by diffusion. The semiconductor substrate 20 is placed in a
suitable diffusion chamber at about 700° C to about 1200° C proximate to a solid source such as
boron or phosphorous. Alternatively, the semiconductor substrate 20 can be exposed to a liquid

source of dopant at about 700° C to about 1200° C.

Alternatively, the dopants may be implanted. The semiconductor substrate 20 is
implanted with boron B, phosphorus P, arsenic As or the like, at a high energy level in the range
of about 40 to 1000 kilo-electronvolts (KeV). Preferably, the energy level is in the range of
about 200 to 1000 KeV, but it should be recognized that the energy level should be selected to
sufficiently implant the dopant. Another drive in step at a temperature of up to 1200° Celsius
may be performed for up to 12 hours so that implanted dopant is sufficiently driven into the

substrate.

In a fourth step 240, the vias 120 are formed by a conventional etching process. For
example, the vias 120 may be etched using plasma etching, Reactive Ion Etching (RIE) or
chemical etching. The vias 120 may be smoothed, if needed, using processing steps such as
isotropic plasma etch or deep ion etching such as deep RIE. Portions of the semiconductor
substrate 20 or the entire device may have a sacrificial silicon dioxide layer grown thereon and
then may be etched using a buffered oxide etch or a diluted hydrofluoric (HF) acid etch or the
like to produce smooth surfaces and/or rounded corners thereby reducing residual stress and

unwanted contaminants.

In a fifth step 250, the via sidewalls 126 are lined with oxide or nitride to form the
sidewall dielectric film 128. Conventional deposition techniques known in the art of

semiconductor manufacturing are used to form the dielectric film 128. In a sixth step 260, the
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etch mask is removed. In a seventh step 270, the vias 120 are filled with a material 130, such as
polysilicon, doped to have the conductivity of the second active layer 62 (preferably, p-type). In
an eighth step 280, excess fill material 130 is removed from at least the second layer frontside

surface 44, using conventional planarization techniques.

In a ninth step 290, a conventional oxide and photoresist etch mask (not illustrated) is
formed using conventional techniques on the second layer frontside surface 44. The etch mask
of the ninth step 290 is patterned to form the isolation trenches 100. The isolation trenches 100
are formed in a tenth step 300 by a conventional semiconductor manufacturing process such as
plasma etching, Reactive Ion Etching (RIE), or chemical etching. The trench sidewalls 108 may
be smoothed, if needed, using conventional processes such as plasma etching or wet etching.

The trenches 100 are formed to have a depth D. At least interior trenches 104 are formed to have
a width W.

In a preferred eleventh step 310, the oxide layer (not illustrated) adjacent upper edges of
the trenches 100 is etched to form undercut regions (not illustrated). The undercut regions are
preferably formed using a wet etch process. In a twelfth step 320, the trench sidewalls 108 are
lined with oxide or nitride to form the trench sidewall dielectric film 110. Conventional
deposition techniques known in the art of semiconductor manufacturing are used to form the
dielectric film 110. Alternatively, the method of manufacturing 200 could comprise a step of
doping the trench sidewalls 108 with a dopant of the first conductivity to form sidewall active

diffusion regions extending the isolation trench depth along each isolation trench sidewall 108.

In a thirteenth step 330, the etch mask (not shown) of ninth step 290 is removed. Ina
fourteenth step 340, the trenches 100 are filled with a material 112, such as undoped polysilicon.
In a fifteenth step 350, excess fill material 112 is removed from at least the second layer

frontside surface 44, preferably using conventional planarization techniques.

In a sixteenth step 360, an upper portion of the second layer 40 is blanket doped using a
dopant of the conductivity of the second active layer 62, preferably p-type. Conventional doping
techniques, including ion implantation, solid diffusion, liquid diffusion, spin-on deposits, plasma
doping, vapor phase doping, and laser doping, could be used. In a seventeenth step 370, the
dopant applied in the sixteenth step 360 is implanted. In an eighteenth step 380, any lightly
doped areas of the photodiode frontside surface 12 not already covered by the trenches 100, vias
120, or second active layer 62 are implanted. In a nineteenth step 390, the photodiode 10 i1s

subjected to a conventional high temperature drive-in process to activate the implanted dopants.
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In a twentieth step 400, a conventional silicon dioxide and photoresist etch mask is
formed on the second active layer frontside surface 66. The silicon dioxide portion of the etch
mask is frontside oxide layer 70. The etch mask is patterned to form the second active layer
contact windows 78 and the via contact windows 80. In a twenty-first step 410, the second
active layer contact windows 78 and via contact windows 80 are formed, extending through the
frontside oxide layer 70. In a twenty-second step 420, the photoresist portion of the etch mask is

removed.

In a twenty-third step 430, the second active layer frontside electrical contacts 140 are
formed, extending between the second active layer contact windows 78 and the via contact
windows 80. The second active layer frontside electrical contacts 140 are in electrical
communication with the second active layer 62 and the vias 120. The frontside electrical
contacts 140 are formed using conventional techniques known in the art of semiconductor
manufacturing, such as sputtering, evaporation and/or electroplating. The frontside electrical
contacts 140 may be formed from conventional materials used to form electrical contacts such as

aluminum, aluminum silicon, copper, gold, silver, titanium, tungsten, or nickel.-

In a twenty-fourth step 440, any excess via fill material 130 is removed from the first
active layer backside surface 34. In a twenty-fifth step 450, a conventional silicon dioxide and
photoresist etch mask is formed on the first active layer backside surface 34. The silicon dioxide
portion of the etch mask is backside oxide layer 90. The etch mask is patterned to form at least
one first active layer contact window 98 and the backside via contact windows 96. In a twenty-
sixth step 460, the first active layer contact window 98 and backside via contact windows 96 are
formed, extending through the backside oxide layer 90. In a twenty-seventh step 470, the

photoresist portion of the etch mask is removed.

In a twenty-eighth step 480, the first active layer electrical contact 160 is formed,
extending from the first active layer contact window 98. The first active layer electrical contact
160 is in electrical communication with the first active layer 32. Similarly, in a twenty-ninth step
490, the second active layer backside electrical contacts 150 are formed, extending from
backside via contact windows 96. The second active layer backside electrical contacts 150 are in
electrical communication with the second active layer 62 through the vias 120. The first active
layer electrical contact 160 and second active layer backside electrical contacts 150 are formed
using conventional techniques known in the art of semiconductor manufacturing, such as
sputtering, evaporation and/or electroplating. The electrical contacts 150, 160 may be formed

from conventional materials used to form electrical contacts such as aluminum, aluminum
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silicon, copper, gold, silver, titanium, tungsten, or nickel. Finally, in a thirtieth step 500, the
photodiode frontside and backside surfaces 12, 14 are passivated, leaving the first active layer
and backside via contact pads 160, 150 exposed for electrical connection with external devices

(not shown).

From the foregoing, it can be seen that embodiments of the present invention are directed
to a photodiode having a frontside electrical contact, a via, and isolation trenches arranged so as
to increase the proportion of light-sensitive frontside area of total frontside area. Embodiments
of the present invention are further directed to a method of manufacturing such a photodiode. It
will be appreciated by those skilled in the art that changes could be made to the embodiments
described above without departing from the broad inventive concept thereof. It is understood,
therefore, that the invention is not limited to the particular embodiments disclosed, but is

intended to cover modifications within the spirit and scope of the present application.

10
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CLAIMS

We claim:

1. A photodiode having an increased proportion of light-sensitive area to light-

5  insensitive area comprising:

a semiconductor having a backside surface and a light-sensitive frontside surface

and including:
a first active layer having a first conductivity,

a second active layer having a second conductivity opposite the first

10 conductivity, and
an intrinsic layer separating the first and second active layers; and

a plurality of isolation trenches arranged to divide the photodiode into a plurality
of cells, each cell having a total frontside area including a cell active frontside area sensitive to
light and a cell inactive frontside area not sensitive to light, and the cell active frontside area

15 forming at least 95 percent of the cell total frontside area.

2. The photodiode of claim 1, wherein:
the isolation trenches together define a trench inactive frontside area;

the frontside surface of the semiconductor has a total area including a
20  semiconductor active area equal to the sum of each cell active frontside area and a
semiconductor inactive area including each cell inactive frontside area and the trench inactive

frontside area; and

the semiconductor active area forms at least 90 percent of the semiconductor total

area.
25

3. The photodiode of claim 1, wherein each cell includes a via having a via frontside
area forming a portion of the cell inactive frontside area and a frontside electrical contact having

a electrical contact frontside area also forming a portion of the cell inactive frontside area.

11
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4, The photodiode of claim 3, wherein the electrical contact frontside area is less

than 4 percent of the cell total frontside area.

S. The photodiode of claim 3, wherein the via frontside area is less than 2 percent of

the cell total frontside area.

6. The photodiode of claim 3, wherein each via has a ratio of a length of the via to a

diameter of the via equal to at least 7.0.

7. The photodiode of claim 3, wherein the frontside electrical contact has a length in
a direction substantially parallel to the frontside surface and extending between the via and a

connection to the second active layer, the length being no greater than three times a diameter of

the via.

8. The photodiode of claim 1, wherein each isolation trench has a ratio of a depth of

the isolation trench to a width of the isolation trench equal to at least 5.0.

9. The photodiode of claim 1, further comprising at least one cathode contact pad

and at least one anode contact pad positioned on the semiconductor backside surface.

10. The photodiode of claim 1, wherein the first conductivity is one of p-type and n-
type, and the second conductivity is the other one of p-type and n-type.

11.  The photodiode of claim 1, wherein the first active layer is one of cathodic and

anodic and the second active layer is the other one of cathodic and anodic.

12
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12.  The photodiode of claim 1, wherein each isolation trench is substantially linear in
shape along the depth of the trench and has a longitudinal axis extending in a direction of the
depth.

13. The photodiode of claim 12, wherein the isolation trench longitudinal axes are

substantially perpendicular to the frontside surface.

14. A method of manufacturing a photodiode having an increased proportion of light-

sensitive area to light-insensitive area, the method comprising;

providing a semiconductor having a frontside surface and a backside surface and

including:
a first active layer having a first conductivity,

a second active layer having a second conductivity opposite the first

conductivity, and
an intrinsic layer separating the first and second active layers;

forming isolation trenches arranged to divide the photodiode into a plurality of

cells, wherein the isolation trenches have a depth to width ratio of at least 5.0;

forming a via in each cell, wherein each via has a length to diameter ratio of at
least 7.0; and

forming a frontside electrical contact for each cell in electrical communication
with the second active layer and the via, each cell having a total frontside area including a cell
active frontside area sensitive to light and a cell inactive frontside area not sensitive to light, and

the cell active frontside area forming at least 95 percent of the cell total frontside area.

15. The method of manufacturing a photodiode of claim 14, wherein:

13
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the isolation trenches together define a trench inactive frontside area;

the frontside of the semiconductor has a total area including a semiconductor
active area equal to the sum of each cell active frontside area and a semiconductor inactive area

including each cell inactive frontside area and the trench inactive frontside area; and

the semiconductor active area forms at least 90 percent of the semiconductor total

area.

16. The method of manufacturing a photodiode of claim 14, wherein each via has a
via frontside area forming a portion of the cell inactive frontside area and each frontside
electrical contact has an electrical contact frontside area also forming a portion of the cell

inactive frontside area.

17. The method of manufacturing a photodiode of claim 16, wherein the electrical

contact frontside area is less than 4 percent of the cell total frontside area.

18. The method of manufacturing a photodiode of claim 16, wherein the via frontside

area is less than 2 percent of the cell total frontside area.

19. The method of manufacturing a photodiode of claim 14, the method further
comprising: forming at least one cathode contact pad on the semiconductor backside surface and

a step of forming at least one anode contact pad on the semiconductor backside surface.

20. The method of manufacturing a photodiode of claim 14, the method further

comprising: forming an oxide layer on one of the frontside and backside of the semiconductor.
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/ 200
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/ —
Form a semiconductor substrate doped to provide a first active layer having a first
- conductivity

220
) /

I[ Form a second layer having a second conductivity on the first active layer ]I

it

230

[I Form an etch mask, patterned to form vias, at least on top of the second layer l

;l '/,Z‘-io‘

'LEtch through first active layer and the second layer to form vias ]

S0
l pedl
H Line via sidewalls to form dielectric film IJ
(@Y o)
l e

270
P

I[ Fill via with material doped to have a third conductivity H

l | ~ (S

Remove excess via fill material from at least second layer top surface. "

l ( eomhmid on R 2R)

[Remove etch mask H
|

Fig. 3A
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Form an oxide and photoresist etch mask, patterned to form isolation
trenches, on second layer top surface

—

300

L 5o

Form isolation trenches extending to a depth sufficient to achieve the desired crosstalk "

immunity, dividing the second layer into a plurality of cells

3¢

“ Form undercut regions adjacent edges of the photo resist mask "

l el
|| Line trench sidewalls to form dielectric film Il
l w30

Remove the etch mask “

l _—31°

ILFill the trenches with polysilicon “

320 )

Remove any excess polysilicon from second layer top surface “

L e

Using a dopant of the third conductivity, blanket dope upper portion of second layer to
form a second active layer having the third conductivity.

l (Co'\’hﬂvd oA
F‘§ 3¢)

Fig. 3B
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370
|[ Implant second active layer. "

g0
L °®

Implant remaining areas of top surface of second layer. "

L - 29°

I Drive implants to activate. ll
yHoo

-~

Form silicon dioxide and photoresist etch mask, patterned to form second
active layer contact windows and frontside via contact windows, on top

surface of second active layer.

l Ps Hio

|:"0rm second active layer contact windows and frontside via contact "

windows extending through etch mask

L P “q2o

rRemove photoresist portion of etch mask ﬂ

430
e -

Il Form contacts between second active layer contact windows and vias II

| l o
|

Remove excess via fill material from first active layer backside surface.

l (Col\h‘\\’d on
< 39)
~y

Fig. 3C
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Form backside silicon dioxide and photoresist etch mask, patterned to form
first active layer contact window and backside via contact windows, on_
backside surface of first active layer.

.

Form first active layer contact window and backside via contact windows through backside oxide
layer to provide access to vias and first active layer

4o
/

“ Remove photoresist portion of etch mask "

4go

o ,

“ Form a first active layer contact in electrical communication with the first active layer H

4ao

L |

ll Form via contacts in electrical communication with the vias ||

~ 5P )

LPassivate frontside and backside of photodiode, leaving first active layer and via contact J

pads exposed

Fig. 3D
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