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depositing a layer of dielectric material onto the surface L 900

of a silicon wafer

!

patterning a trench in the layer of dielectric material to
expose the surface of the silicon wafer, the trench having

substantially vertical sidewalls, and the ratio of the height }~_ 9035

to the width of the trench being preater than or equal to 1

selecting growth conditions which favor growth

perpendicular to the plane of the silicon wafer and - 910

suppress growth parallel to the plane of the silicon wafer

!

growing a semiconductor material to form a bottom
diode region which fills the trench and extends upward
in the shape of a fin

selecting growth conditions so that the semiconductor

. 915

material for the active diode region will grow at 920

approximately equal rates on the top of the bottom
diode region and on the sides of the bottom diode region

{

growing a semiconductor material conformally around the
top of the bottom diode region and the sides of the bottom
diode region to create an active diode region

!

growing a semiconductor material conformally around the
top of the active diode region and the sides of the active
diode region to create a top diode region

!

fabricating a top electrical contact on the surface of the top
diode region

e 925

. 930

-~ 935

fabrication a bottom electrical contact on the bottom of the L~ 940

sthicon wafer

Figure 7
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depositing a layer of dielectric material onto the surface L~ 900

of a silicon wafer

b

patterning a trench in the layer of diclectric material to

expose the surface of the silicon wafer, the trench having 905

substantially vertical sidewalls; and the ratio of the height
io the width of the trench being greater than or equal to 1

b

selecting growth conditions which favor growth

perpendicular to the plane of the silicon wafer and ~ f~ 910

suppress growth parallel to the plane of the silicon wafer

!

growing a semiconductor material to form a bottom diode

region which fills the rench and extends upward in the |~_ 915

shape of a {in

selecting growth conditions so that the semiconductor

material for the active diode region will grow at L~ 920

approximately equal rates on the top of the bottom diode
region and on the sides of the bottom diode region

growing a semiconductor material conformally around the

top and sides of the bottom diode region to create an =~ -~ 925

active diode region

growing a semiconductor material conformally around
the top and sides of the active diode region to create a top

diode region, then continuing to grow the top diode -~ 95

region so that the top diode regions from adjacent diodes
merge, thereby creating a single top diode region which
connects together multiple diodes

v

fabricating a top electrical contact on the surface of the topl 035

diode region

fabricating a bottom electrical contact on the bottom of the L 940

silicon wafer

Figure 8
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depositing a first layer of dielectric material onto the _ 1000

surface of a silicon wafer

!

depositing a second layer of dielectric material onto | 1005

the surface of the first layer of diclectric material

patterning a trench through both the first layer of
dielectric material and the second layer of dielectric

material to expose the surface of the silicon wafer, the - 1010

trench having substantially vertical sidewalls, the ration
of the height of the trench to the width of the trench
being greater than or equal to 1

!

srowing a semiconductor material into the trench to form a .
g1 gas d material into encl 8l 1015

bottom diode region

b

selectively removing the remaining portions of the second :
cctively removing the rer 1 portions o econd | 1090

layer of dielectric material

growmg a semiconductor material conformally around the

top and sides of the bottom diode region to create an ~ p~ 1025

active diode region

b

growing a semiconductor rmaterial conformally around

the top and sides of the active diode region to create a - 1030

top diode region

fabricating a top electrical contact on the surface of the top .
.- 1035

diode region

fabricating a bottom electrical contact on the bottom of the ~_ 1040

silicon wafer

Figure 11
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deposing a layer of dielectric material onto the surface of
a silicon wafer

|

patterning a hole in the layer of dielectric materia)l to eXPOose

the surface of the silicon wafer, the hole having substantially
vertical sidewalls, and the ratio of the depth of the hole to
the diameter of the hole being greater than or equal to one

-~ 1105

|

selecting growth conditions which favor growth perpendicular
to the plane of the silicon wafer and suppress growth paraliel
to the plane of the silicon wafer

-~ 1110

growing a semiconductor material to form a bottom diode
region which fills the hole and extends upwards in the shape
of a column

~.. 1115

selecting growth conditions so that the semiconductor
material for the active diode region will grow at
approximately equal rates on the top of the bottom diode
region and on the sides of the bottom diode region

~. 1120

growing a semiconductor material conformal ly around the
fop and sides of the bottom diode region to create an
active diode redion

e 1125

growing a semiconductor material conformally around the
top and sides of the active diode region to create a top diode
region

. 1130

fabricating a top electrical contact on the surface of the top
diode region

~_ 1135

|

fabricating a bottom electrical contact on the bottom of the
silicon wafer

Figure 17
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depositing a first layer of dielectric material onto the surface
of a silicon wafer

~ 1200

depositing a second layer of dielectric material onto the
surface of the first layer of dielectric material

~. 1205

patterning a hole in the first layer of dielectric material and
the second layer of dielectric material to expose the surface
of the silicon wafer, the hole having substantially vertical

sidewalls, the ratio of the depth of the hole to the diameter
of the hole being greater than or equal to 1

growing a semiconductor material into the hole to form a

L

selectively removing the remaining portions of the second

growing a semiconductor material conformally around the
top and sides of the bottom diode region to create an
active diode region

growing a semiconductor material conformally around the
top and sides of the active diode region to create a top diode
region

b

fabricating a top electrical contact on the surface of the top

fabricating a bottom ¢lectrical contact on the bottom of the

—~_ 1210

. . . 1215
bottom diode region

C1 ‘ : -~ 1220
Jayer of dielectric material

e 1225

e 1230

diode region —~_ 1235

silicon wafer -~ 1240

Figure 20
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depositing a layer of dielectric material with thickness less
than or equal to 20 nanometers onto the surface of a silicon
wafer

. 1300

patterning a trench in the layer of dielectric material to expose
the surface of the silicon wafer, the trench having substantially
veriical sidewalls

-~ 1305

i

selecting growth conditions which favor growth perpendicular
to the plane of the silicon wafer and suppress growth parallel
io the plane of the silicon wafer

~. 1310

b

growing a semiconductor material to form a bottom diode
region which fills the trench and extends upward in the shape
of a fin

selecting growth conditions so that the semiconductor
material for the active diode region will grow at
approximately equal rates on the top of the bottom
diode region and on the sides of the bottom diode region

-~ 1320

/

growing a semiconductor material conformally around the
top and sides of the bottom diode reglon to create an
active diode region

e 1325

growing a semiconductor material conformally around the
top and sides of the active diode region to create a top diode
region

- 1330

fabricating a to clectrical contact on the surface of the top
diode region

-~ 1335

|

fabricating a bottom electrical contact on the bottom of the

. 1340

silicon walfer

Figure 26
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depositing a layer of dielectric material onto the surface of a
silicon wafer

.. 1400

patterning a trench in the layer of diclectric material to
expose the surface of the silicon wafer, the trench having
substantially vertical sidewalls, and the ratio of the height to
the widih of the trench being greater than or equal to 1

v

selecting growth conditions which favor growth perpendicular
to the plane of the silicon wafer and suppress arowth parallel
to the plane of the silicon wafer

—~_ 1410

v

growing a serniconductor material to form a bottom diode
region which fills the trench and extends upward in the shape
of a fin

-~ 1415

v

selecting growth conditions so that the semiconductor
material for the active diode region will grow at
approximately equal rates on the top of the bottom
diode region and on the sides of the bottom diode region

4

growing a semiconductor material conformally around the
top and sides of the bottom diode region to create an
active drode region

—~_ 1425

\L

growing a semiconductor material conformally around the
top and sides of the active diode region 1o create 2 top diode
region

“~. 1430

v

bonding a handle subsirate to the surface of the top diode
region

. 1435

v

removing the silicon wafer by a chemical or mechanical
process

~_ 1440

v

fabricating a top electrical contact on the exposed surface of
the dielectric film

~ 1445

v

fabricating a bottom electrical contact on the exposed
surface of the handle substrate

Figure 29
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depositing a first ‘layu o! d'u.:Ieclm nim,tum] onto the —_ 1500
surface of a silicon wafer
depositing a layer of refractory metal onto the first layer 1505
of diclectric material U

depositing a second layer of dielectric materml ot the 1510
layer of vefractory metal e
.
patterning a first trench through the second layer of dieleciric
material, through the layer of refractory metal, and through
the first layer of dielectric material, to expose the surface of 1515
the silicon wafer, the trench having substantially vertical T
sidewalls, and the ratio of the height of the trench to the
width of the trench being greater than or equal to 1
v
coating all exposed surfaces (the second layer of dielectric
material, the sidewalls of the first trench, and the surface L~ 1520
of the silicon wafer at the bottom of the frst trench) with
a third layer of dielectric material
W
ciching away the horizontal surfaces of the thicd layer of
dielectric material, thereby leavin g dielectric spacers on . 1525
the sidewalls of the first trench
v
selecting growth conditions which 1) favor growih
perpendicular to the plane of the silicon waler, 1) suppress _
growth parallel 1o the plane of the silicon wafer, and do not [~ 1530
permit semiconductor material to nucleate on cither the first
layer of dielectric material or the diclectric spacers
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growing a semiconductor material to form a bottom diode

shape of a fin

v

selective wet etch
v

selecting growth conditions so that the semiconductor

equal rates on the top of the bottom diode region and on the
sides of the bottom diode region

growing a semiconductor material conformally around the

diode region
v
selecting growth conditions so that the semiconductor
material for the top diode region will i) grow at

and on the sides of the active diode region, and also
ii) coat the surface of the refractory metal
W

growing a semiconductor materjal conformally around the

region, while simultancously growing a horizontal layer of
semiconductor material which costs the surface of the
refractory metal

coating the top diode region and the horizonial layer of

material

y

and through the horizontal layer of semiconductor material

V

filling the via by depositing a plug of metal which contacts

contact

v

silicon wafer

Figure 33-2

region which fills the first trench and extends upwards in the I~ 1535

removing the second layer of dielectric material by a 1540
' T

material for active diode region will grow at approximately 1545

top and sides of the bottom diode region to create an active F~_ 1550

approximately equal rates on the top of the active diode ¢~ 1555

top and sides of the active diode region 1o create a top diode }~_ 1560

senmiconductor material with a third layer of diclectric b~ 1565

creating a via through the third layer of dielectric material 1570

the layer of refractory metal and terminates in a top electrical I~ 1575

fabricating a bottom clectrical contact onto the bottom of the ~_ 1580



//

Figure 34



o 730 0 Vo)

//

Figure 35



36/39

depositing a layer of dielectric material onto the surface
of a silicon wafer

—~_ 1600

patterning a hole in the layer of diclectric material to
expose the surface of the silicon wafer, the hole having
substantially vertical sidewalls, and the ratio of the depth
of the hole to the diameter of the hole being greater than
or equal to 1

~._ 1605

growing a HI-nitride semiconductor to form a bottom diode
region which fills the hole and extends upward
in the shape of a six-sided pyramid

growing a ll-nitride semiconductor material conformally
around the top and sides of the bottom diode region to
create an active diode region

/

orowing a Il-nitride semiconductor material conformally
around the top and sides of the active diode region o
create a top diode region

. 1620

!

fabricating a top electrical contact on the exposed surface
of the top diode region

. 1625

fabricating a bottom elecirical contact on the bottom of
the silicon wafer

.. 1630

Figure 36
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depositing a layer of dielectric material onto the surface -~ 1700
W

of a silicon wafer

v

patterning a hole in the layer of dielectric material to
expose the surface of the silicon wafer, the hole havin i
substantially vertical sidewalls, and the ratio of the depth
of the hole 1o the diameter of the hole to the diameter of
the hole being greater than or equal to 1

v

growing a Il-nitride semiconductor to form a bottom diode
region which fills the hole and extends upward in the shape
of a six-sided pyramid

v

growing a Ill-nitride semiconductor material conformally
around the top and sides of the bottom diode region o create
an active diode region

¥

growing a l1I-nitride semiconductor material conformally

~. 1705

f"‘\m/ dl 7 1 0

-~ 1715

around the top and sides of the active diode regionto ~ p~_ 1720

create a top diode region

y

continuing to grow said top diode region until the growth 1775

fronts from adjacent diodes coalesce

v

planarizing the surface of the top diode region . 1730

v

bonding a handle substrate to the surface of the top diode 1735

region

v

removing the silicon wafer by a chemical or mechanical - 1740

process

v

fabricating a top electrical contact on the exposed surface .
b 2 I & F 1? ] & o~ 1 7 45

of the layer of dielectric material

)

fabricating a bottom electrical contact on the exposed L~ 1750

surface of the handle substrate

Figure 39



