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(57) ABSTRACT 

A device includes an element (e.g. in the shape of a sleeve) 
and a core located in an interior Volume defined by the 
element and at least partially Surrounded by the element. The 
element has two portions: one portion overlaps at least a 
region of the core thereby to form a capacitor, while another 
portion surrounds the core thereby to form an inductor. The 
device may further include an additional capacitor formed 
by another element that is separated from the core but 
overlaps at least a region of the core when viewed in a 
direction perpendicular to the core. The two elements Sub 
stantially surround the core. The core may be used to hold 
charge in a non-volatile manner, even when no power is 
Supplied to the device. The device can be manufactured in 
the normal manner, by forming a via hole, depositing a 
conductive layer in the via hole to form a sleeve-shaped 
element, forming a dielectric layer over the conductive layer 
So that the dielectric layer defines an interior Volume, and 
filling the interior Volume with a plug of conductive material 
that forms the core. An additional dielectric layer and an 
additional conductive layer may be formed to implement the 
additional capacitor. 
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Figure 2 
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Figure 7 
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INDUCTIVE STORAGE CAPACTOR 

BACKGROUND 

0001) A book entitled “Nonvolatile Semiconductor 
Memory Technology”, Edited by William D. Brown and Joe. 
E. Brewer and published by IEEE Press (1998), ISBN 
0-7803-1173-6, states, on page 1 “The ultimate solution-a 
genuine nonvolatile RAM that retains data without external 
power, can be read from or programmed like a Static or 
dynamic RAM, and Still achieve high-speed, high-density, 
and low power consumptions at an acceptable cost-re 
mains unfeasible to this day.” On page 6, this book describes 
a class of nonvolatile memory devices that Store a charge on 
a conducting or Semiconducting layer (called “floating 
gate') that is completely Surrounded by dielectric and an 
opposing layer (called “control gate') that together form a 
capacitor (commonly known as "storage capacitor”). 
0002 An article entitled “ Applied Materials Introduces 
New Storage Capacitor Solution for Gigabit DRAMs” dated 
Jul. 8, 1998 describes use of tantalum pentoxide (Ta2O5) to 
form Storage capacitors in memory devices. Such a Storage 
capacitor cannot hold its charge over an extended period of 
time and loses a Stored data bit unless its charge is refreshed 
periodically, as described at http://www.ee.cooper.edu/ 
courses/course pages/ past courses/EE151/MEMS HO1/. 
AS described therein, the periodic refreshing requires addi 
tional memory circuitry and complicates the operation of 
dynamic random access memory (DRAM) formed from 
Such capacitors. 
0003. The above-described periodic refreshing can be 
avoided by flash memory. There are several kinds of flash 
memory, including a single-transistor cell and a two-tran 
Sistor cell as described in an article in Electronic Design, 
dated Aug. 9, 1999, and entitled “Feature-Rich Flash Memo 
ries Deliver High Density’ by Dave Bursky. As described 
therein, a Single-transistor cell is employed in a NOR-like 
logic structure to form a random-access Storage array (called 
“flash EPROM”). Moreover, the two-transistor (or a merged 
transistor, dual-gate) cell is also a NOR-style configuration 
(called “flash EEPROM'). On-chip decoding circuits divide 
an array of two-transistor cells into small blocks (256 bytes 
to 4 kbytes) that normally enable a smaller portion of the 
chip to be erased and reprogrammed. 
0004 Several issues exist with the flash memory as 
described in the above-identified book by Brown and 
Brewer, Such as Slow trapping, polarization, oxide break 
down/leakage, hot-electron injection, and oxide-hopping 
conduction, as described in Table 6.2 on page 362 

SUMMARY 

0005. In accordance with the invention, a semiconductor 
Substrate has formed therein an inductor and a capacitor 
integrated into a single device (called an “inductive capaci 
tor”). The inductor causes the capacitor to charge faster than 
the charging of a prior art device that has significant capaci 
tance but negligible inductance (e.g. a device in which the 
capacitive contribution to the resonant frequency (of an LC 
circuit formed by such a prior art device) is greater than 90% 
of the inductive contribution). The device can include any 
Structure that implements the inductive and capacitive func 
tions in an integrated manner. Such a device having a 
Significant inductive effect can be used in any radio-fre 
quency (RF) circuit. 
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0006. In one embodiment, the device includes a rod 
shaped second element (hereinafter simply “plug) that is 
located in an interior Space defined by a sleeve-shaped first 
element (hereinafter simply “sleeve”), thereby to form a 
capacitor (also called “first capacitor') and an inductor in the 
Same device. The core is Separated from the sleeve by a 
dielectric material (also called "trap material”) that Stores an 
electrical charge when the device is powered off (Such as 
Silicon-Silicon dioxide interface). An inductive capacitor 
that includes a trap material between the two elements is also 
referred to as an “inductive Storage capacitor.” Such an 
inductive Storage capacitor is used to implement a nonvola 
tile memory cell in one application, and a timing circuit in 
another application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 illustrates in integrated circuit die contain 
ing an inductive capacitor in one embodiment of the inven 
tion. 

0008 FIG. 2 illustrates flux lines induced in the induc 
tive capacitor of FIG. 1 during operation. 
0009 FIGS. 3 and 5 illustrate, in circuit diagrams, the 
inductive capacitor of FIG. 1 filled with a trap material, and 
coupled to a Voltage Source and a Sensor, in two embodi 
mentS. 

0010 FIG. 4 illustrates physical structure of one embodi 
ment that integrates an inductive capacitor with a Sense 
capacitor, by use of an additional element. 
0011 FIG. 6 illustrates a symbol for the inductive 
capacitor. 

0012 FIG. 7 illustrates electron flow on an outer surface 
of the inductive capacitor of FIG. 1. 
0013 FIG. 8 illustrates an inductive capacitor that does 
not hold charge when powered down. 
0014 FIG. 9 illustrates a cross section of the inductive 
Storage capacitor. 

0.015 FIG. 10 illustrates the cross section of FIG. 9 with 
Superimposed thereon Symbols of the circuit elements 
formed by the structure. 
0016 FIG. 11 illustrates, in an enlarged view, an inter 
face formed between layers 192 and 193 causing the elec 
trons to be stored under the influence of an inductive field. 

0017 FIG. 12 illustrates the crystal structure of the 
Silicon-Silicon dioxide interface where free electrons are 
trapped in electrons holes. 
0018 FIGS. 13-20 illustrates, in a cross sectional view, 
formation of various layers in a via hole of a Silicon wafer. 
0019 FIG. 21 illustrates a plan view of the inductive 
Storage capacitor Structure illustrated in FIG. 20, along the 
direction A-A. via hole on the Silicon wafer. 

0020 FIG. 22 illustrates a timing diagram for reading a 
discharged State and writing a charged State. 
0021 FIG. 23 illustrates a timing diagram for reading a 
charged State and writing a one State. 
0022 FIG. 24 illustrates a timing diagram for reading a 
discharged State and writing a discharged State. 
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0023 FIG. 25 illustrates a timing diagram for reading a 
charged State and writing a discharged State. 

0024 FIGS. 26A, 26B, and 27-29 illustrate, in cross 
Sectionional views, various embodiments of an inductive 
Storage capacitor in an upside down configuration relative to 
FIG 9. 

0025 FIG. 30 illustrates a cross section of the inductive 
Storage capacitor with another material deposited into the 
floating element. 
0.026 FIG. 31 illustrates, in a block diagram, use of an 
inductive Storage capacitor as a Storage element. 
0.027 FIG. 32 illustrates, in a circuit diagram, circuit 
elements that realize the embodiment of FIG. 31. 

0028 FIG.33 illustrates a memory cell array formed of 
inductive Storage capacitors. 

DETAILED DESCRIPTION 

0029) A semiconductor substrate 1 (FIG. 1) in one 
embodiment has formed therein a device 2 including a first 
element 3 of a conductive material that Surrounds a Second 
element 4 that may be of the same or different conductive 
material. Depending on the aspect ratio, the Second element 
4 can be in the shape of a coin (that has a height significantly 
Smaller than the diameter, e.g. an order of magnitude 
Smaller), or a needle (that has a height significantly larger 
than the diameter, e.g. an order of magnitude larger), or a rod 
(which has an aspect ratio Somewhere between a coin and a 
needle). 
0030 AS would be apparent to the skilled artisan, a 
ring-shaped first element 3 Surrounding a coin-shaped Sec 
ond element 4 has a negligible capacitive effect and Signifi 
cant inductive effect (e.g. the capacitive contribution to the 
resonant frequency (of an LC circuit formed by Such a 
device) is less than 10% of the inductive contribution). Such 
a device 2 having a significant inductive effect can be used 
in any radio-frequency (RF) circuit. Another device 2 having 
Significant inductive as well as capacitive effects can be used 
as a Storage capacitor for nonvolatile memory, as described 
herein. Although a specific structure is illustrated in FIG. 1, 
device 2 can include any structure that implements the 
inductive and capacitive functions in an integrated manner. 
0031. In one embodiment, the device 2 includes a rod 
shaped second element 4 (hereinafter simply "plug) that is 
located in an interior Space defined by a sleeve-shaped first 
element 3 (hereinafter simply “sleeve”), thereby to form a 
capacitor (also called “first capacitor”) and an inductor in the 
same device. A trace (not shown in FIG. 1) is attached to an 
input terminal 24 (FIG. 2) located at one end of sleeve 3, to 
provide current and Voltage for operation of the device. AS 
described below, the inductor causes the capacitor to charge 
faster than the charging of a prior art device that has 
Significant capacitance but negligible inductance (e.g. the 
capacitive contribution to the resonant frequency (of an LC 
circuit formed by such a prior art device) is greater than 90% 
of the inductive contribution). 
0.032 Plug 4 is separated from sleeve 3 by any dielectric 
material, including, for example a material 5 (also called 
“trap material”) that stores an electrical charge when device 
2 is powered off (Such as either Silicon-Silicon dioxide 
interface, or Silicon-Silicon nitride interface). An inductive 
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capacitor that includes a trap material 5 between sleeve 3 
and plug 4 is also referred to as an “inductive Storage 
capacitor.” 

0033 Sleeve 3 can have any cross-section, such as cir 
cular, rectangular, triangular, etc. Moreover, the Sleeve need 
not be continuous in the cross-sectional view (e.g. Such a 
sleeve may have a cross-section in the shape of the letter “C” 
of the English alphabet). One end of sleeve 3 is coupled to 
a Voltage Source, So that during operation electrons flow into 
the device from this end of the sleeve towards the other end, 
thereby to form an inductor (device in which an electromo 
tive force is induced in it or in a nearby circuit by a change 
of current in either itself or the nearby circuit). Plug 4 can 
also have any croSS-Section, which may or may not be Solid, 
depending on the embodiment. 
0034. During operation, an inductive field 23 (FIG. 2) is 
generated between an inner surface 21 of sleeve 3 (which 
acts as a coil) and a Surface 22 of plug 4 (which acts as a 
core). Surfaces 21 and 22 together form a capacitor 29. 
Inductive field 23 is used to Store a charge in trap material 
27 that is located between Surfaces 21 and 22. AS capacitor 
29 charges, inductive field 23 is formed, and causes electron 
wave movement (a well known phenomenon in physics, as 
described in Chapter 4 entitled “Physical Aspects of Cell 
operation and reliability” in the book entitled “Flash Memo 
ries” by Paolo Cappelletti et al. Kluwer Academic Publish 
ers, 1999, which chapter is incorporated by reference herein 
in its entirety) or tunneling to occur through trap material 27 
(e.g. along the Silicon-Silicon dioxide interface). 
0035). As capacitor 29 (also called “storage capacitor') 
reaches the level of the voltage supply, inductive field 23 
collapses causing free electrons to be trapped in the sili 
con-Silicon dioxide interface. Therefore, trap to band 
tunneling (well known in the art) is performed by creation 
and collapse of inductive field 23. The process is reversed 
when Storage capacitor 29 is discharged, and the inductive 
field 23 is reversed causing the trapped electrons to be 
removed. Such an inductive Storage capacitor 20 is of a 
different design than a storage capacitor in conventional 
non-volatile Solid State memory devices known to applicant, 
and uses a new method for programming and reading the 
levels of the electrons that are stored in the device. 

0036 Inductive storage capacitor 20 (FIG. 2) forms an 
electrical circuit 30 (FIG. 3) that in turn can be implemented 
in other Structures apparent to the skilled artisan in View of 
the disclosure. Circuit 30 includes a capacitor 33, an induc 
tor 34 coupled in parallel to capacitor 33, and a trap material 
37 located inside capacitor 33. In one embodiment, inductor 
34 is in contact with trap material 37. However, inductor 34 
need not be in contact with, e.g. can be simply adjacent to 
trap material 37 (if there is another material located ther 
ebetween). 
0037 Regardless of the relative locations of inductor 34 
and trap material 37, during operation of circuit 30, inductor 
34 generates a field (e.g. Similar or identical to field 23 
discussed above in reference to FIG. 2) passing through trap 
material 37. In this embodiment, a sensor 36 is coupled to 
capacitor 33, to Sense a charge Stored in the traps of trap 
material 37. In one implementation, capacitor 33, inductor 
34, sensor 36 and voltage source 31 are all coupled to a 
common terminal 32 as illustrated in FIG. 3 although in 
other embodiments, other Such couplings may be made. 
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0.038. In one embodiment, an inductive storage capacitor 
20 (FIG. 4) is located adjacent to an element 45 to form a 
device 40 wherein a Surface 46 of element 45 and a Surface 
44 of plug 4 form a capacitor (called “sense capacitor”) 48. 
Sensing capacitor 48 is separate and distinct from (but 
coupled in Series to) the above-discussed capacitor 29 
(FIGS. 2 and 4) in inductive storage capacitor 20. As trap 
material 27 becomes filled with electrons, a Surface 44 of 
plug 4 collects an opposite (i.e. negative) charge and the 
voltage level of adjacent element 45 (or Sensing capacitor) 
is changed. The Voltage level (on Sensing capacitor 48) and 
current flow (through sensing capacitor 48) is used to detect 
the current State of the Storage capacitor. 

0039) Device 40 (FIG. 4) forms an electrical circuit 50 
(FIG. 5) that can also be implemented in other structures 
apparent to the skilled artisan in View of the disclosure. 
Circuit 50 is similar or identical to circuit 30 described 
above except for the following differences. Circuit 50 
includes an additional capacitor 55 (also called “sense 
capacitor”) in Series with capacitor 33 (also called “storage 
capacitor” and described above in reference to FIG.3). Note 
that inductor 34 is coupled in parallel to Storage capacitor 33 
(and in series with sense capacitor 55). Circuit 50 also 
includes a Sensor 56 that is coupled to a terminal of Sensor 
capacitor 55. Although there is no Sensor coupled to Storage 
capacitor 33 in this embodiment, a Voltage Source 31 is 
coupled to a terminal 32 (of capacitor 33) that in turn is 
coupled to inductor 34. Note that trap material 37 is not 
present inside Sense capacitor 55, instead a dielectric mate 
rial may be present. 

0040. When voltage source 31 (FIG. 5) is coupled to 
terminal 32 the Voltage potential causes current to charge 
Storage capacitor 33 and in parallel induce an inductive field 
in the inductor 34. AS Voltage Source 31 is applied current 
flows from storage capacitor 33 to sense capacitor 55 
causing Sense capacitor 55 to charge. The delay in charging 
Sense capacitor 55 is measured by connecting Sense capaci 
tor 55 to a sensor 56 to measure the voltage or current on the 
output of sense capacitor 55. Such delay is different, depend 
ing at least on whether or not trap material 37 holds a charge 
therein. Therefore, Sensing the delay reads the data Stored in 
device 50. 

0041. The inductance, capacitance and density of state 
(the number of available electron States per unit volume and 
energy) of circuit elements 33, 55,34 and 37 in circuit 50 
(FIG. 4) affect the delay (and therefore the speed of opera 
tion) of circuit 50. Depending on the application, values for 
such parameters may be different from the values described 
below in reference to FIGS. 13-20. Such parameters can be 
calculated as follows. The capacitance of each of capacitors 
33 and 55 by themselves is calculated, in ferries, by using a 
Simple parallel plate model of the type well known in the art. 
For example, one may calculate the capacitance using the 
area of each terminal of each capacitor, the distance between 
the two terminals of each capacitor, and the dielectric 
constant of the material located between two terminals of 
each capacitor. 

0042. When the inductor 34 is added in parallel to the 
Storage capacitor 33, an inductor and capacitor interaction 
occurs, resulting in a LC circuit having a resonant frequency. 
Several additional variables (other than those in the previous 
paragraph) must be used to calculate the charge time for the 
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capacitor 33 in the presence of inductor 34. The inductor 34 
has an inductance (measured in henneries) that is calculated 
using a coil and core model. Such a model may be based on 
a phenomenon called the “skin effect” as described in 
“Fundamentals of Electronics” by E. Norman Lurch, John 
Wiley and Sons, Inc, Second Edition, 1971 at page 236 in 
Chapter 9 (which chapter is incorporated by reference herein 
in its entirety). For example, one may calculate inductance 
using various parameters, Such as size of the coil (e.g. area 
of surface 22 in FIG. 4), the volume and density of the 
material in the core, and the dielectric constant of the trap 
material, as would be apparent to the skilled artisan. 

0043. Once the inductance of the inductor 34 and the 
capacitance of capacitor 33 is calculated then the time 
constant of the LC circuit formed by the interaction between 
the storage capacitor 33 and the inductor 34 is found (e.g. 
using a Laplace transform of the type well known in the art). 
Next, one may compute the difference between the charge 
time of capacitor 33 in the presence and absence of charges 
in trap material 37. This difference is used by sensor 56 to 
determine whether or not a charge was Stored in trap 
material 37 (e.g. whether or not a bit 1 is stored in circuit 50 
when used as a part of a memory cell). 
0044 Storage capacitor 33, inductor 34 and sense capaci 
tor 55 together are represented, in circuit diagrams of one 
embodiment, by a single symbol 60 (FIG. 6). Such a symbol 
60 may be used, for example, in a programmed computer by 
circuit modeling Software for interpreting instructions in 
hardware description languages, such as SPICE or VER 
ILOG. Such software (which is normally stored in the 
memory of the computer) includes instructions to model a 
capacitor in the normal manner, except that the capacitor 
charges and discharges significantly faster than (e.g. twice as 
fast or 10 times as fast as) a conventional capacitor of the 
Same rating. The higher Speed effectively models the induc 
tive effect of the inductive Storage capacitor represented by 
symbol 60. One embodiment of the inductive storage 
capacitor is operated at Speeds above 1 GHZ, which over 
comes a prior art problem of Speed and response time of 
conventional memory. 

004.5 Therefore, in one embodiment, engineers that 
design microprocessors, digital Signal processors, logic, or 
memory may use Such a single Symbol in a circuit diagram 
(which may be on paper or on a computer Screen, depending 
on the circumstances) to identify a combination of circuit 
elements that form an inductive Storage capacitor as 
described herein. Thereafter, when the circuit is realized in 
a Semiconductor wafer, an inductive Storage capacitor is 
fabricated as described elsewhere herein. 

0046. In one embodiment, symbol 60 has two parallel 
line segments 62 and 63 (that represent a capacitor), and a 
spiral 61 (that represents an inductor) wrapped around the 
two parallel line segments 62 and 63 (which may be shown, 
for example, as vertical lines). Note that in the embodiment 
illustrated in FIG. 6, a capacitor symbol well known in the 
art and an inductor Symbol well known in the art are 
overlapped, and an optional rectangular box 66 is added to 
represent storage, thereby to form the new symbol 60. 
Optionally, the two Symbols may be shown connected, at 
one end, to a common line Segment 69, which represents, for 
example, an input line to the device (for connection to a 
voltage source). Note that in the embodiment illustrated in 
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FIG. 6, a horizontal line 69 is shown connected to each of 
(1) line segment 62 and (2) spiral 61. 
0047) Symbol 60 optionally has a third parallel line 
Segment 64 that is shorter than the two parallel line Segments 
62 and 63. When present, the third parallel line segment 64 
is set apart from spiral 61. Also, symbol 60 optionally has a 
box 66 (which represents trap material 37) located between 
the two parallel line segments 62 and 63. An output line 65 
may be connected to the third parallel line Segment 64, when 
present. Although specific embodiments of symbol 60 are 
illustrated in FIG. 6, other such symbols will be apparent to 
the skilled artisan. 

0048) When voltage source 31 (FIG. 7) is applied to an 
input trace 25 connected to a terminal 24 located at one end 
of Surface 21 of conductive sleeve 3, a number of electron 
waves 26A-26M (wherein AsJs M, M being the total 
number of waves) originate at terminal 24 and travel around 
surface 21, as shown by waves 28A-28M (which represent 
waves 26A-26M after a time delay), thereby to form a 
current flow. Although terminal 24 where electron waves 
originate is located at the end of Surface 21 of Sleeve 3, in 
other embodiments, terminal 24 is separated by a distance 
from the end, as long as an inductive effect is present. AS 
discussed elsewhere, the inductive effect must be Sufficient 
to move free electrons into trap material 37. The inductive 
effect arises from the flow of electrons along a path defined 
by physics, as they move acroSS Surface 21. This movement 
is defined by Boltzmann's principle which states that elec 
tron groups or waves vectors (momentum) move at a veloc 
ity and acroSS the conductive Surface generating an electro 
magnetic force (emf) that in turn creates an inductive field 
23 (illustrated by flux lines 23A-23N). 
0049. The carrier flux or field strength that is created by 
waves 28A-28M is calculated using Newton's Law of 
Motion. The electrons gain momentum as they move acroSS 
the Surface 21 they use a spherical parabolic path (as 
illustrated by waves 26A-26M and 28A-28M) following the 
laws of motion and follow the band structure of the material. 
AS momentum is gained acroSS the Surface the field Strength 
and direction are determined. The field Strength and flux are 
a function of both the capacitor and inductor resonant 
frequency. As the inductive field 23 (FIG. 7) is built, the 
Surface 21 collects electrons, and plug 4 has an opposite 
charge forming thereon. The free electrons migrate away 
from Surface 22, toward the center of plug 4 and become 
resonant, e.g. at Surface 44. AS this build up of charges 
occurs, Surface 46 of element 45 is also charging. AS the 
charges collect on element 45, a Voltage is created on 
element 45, and this Voltage causes a current to Start flowing 
through sensor 56. 

0050. In one embodiment, a dielectric material 410 (FIG. 
8) between conductive sleeve 3 and plug 4 may be a single 
layer of dielectric material (like silicon nitride SiN). Such 
a device 420 that has a Single dielectric layer Still contains 
a capacitor and inductor as described above, but does not 
have the ability to Store a charge. This device operates at 
resonant frequency and is used in radio frequency (RF) 
circuits, e.g. for band pass or tuning filters used in commu 
nication device. This design has advantages in that the 
inductor/capacitor is manufactured in a Smaller element on 
the Silicon wafer and requires leSS Surface area than con 
ventional RF circuits. 
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0051 FIG. 9 shows a cross section of an inductive 
storage capacitor 100 of the type described above, imple 
mented in a via hole 101 formed in a semiconductor material 
102 (Such as raw Silicon or in an epitaxial layer). Inductive 
storage capacitor 100 includes a first layer 191 of aluminum, 
which forms the conductive sleeve 3, and connected thereto 
is a trace 190. Inductive storage capacitor 100 also includes 
a trap material 5 formed at an interface between a Second 
layer 192 of a silicon (Si) dielectric material and a third layer 
193 of silicon dioxide (SiO2). Therefore, trap material 5 of 
this implementation is a Silicon-Silicon dioxide (Si-SiO2) 
interface. Inductive Storage capacitor 100 also includes a 
fourth layer 194 of silicon nitride (SiN) that provides a 
dielectric of high value for the Storage capacitor and induc 
tor elements. Inductive storage capacitor 100 further 
includes a fifth material which is a conductive material like 
aluminum or copper and which forms a plug 195 that is 
located inside the via hole 101. 

0052 Depending on the implementation, inductive stor 
age capacitor 100 also includes a dielectric material 196 
located over plug 195, to form the dielectric element of 
sense capacitor 48. Note that dielectric material 196 can be 
formed of any Semiconductor material commonly used for 
insulation Such as Silicon and Silicon oxide, although in one 
embodiment material 196 includes silicon nitride (SiN.) 
which ensures that junctions formed therein have better 
thermal conductivity, and better adhesion than other Semi 
conductor materials. Located over dielectric material 196 is 
a layer of conductive material 197, like aluminum or other 
conductive material, which forms Sense capacitor 55. This 
material 197 is then connected to a sensor through a lead 
198. In one or more alternative implementations, materials 
196-198 are not used and instead, trace 190 is connected to 
a Voltage Source 31 and also to a Sensor 36 as described 
above. 

0053. In one implementation illustrated in FIG. 9, a 
device (that includes inductive storage capacitor 100) has, 
attached to conductive sleeve 3, a floor 91 also formed of 
first layer 191. Floor 91 overlaps at least a region of plug 195 
when viewed in a direction perpendicular to plug 195. The 
combination of sleeve 3 and floor 91 is also referred to as a 
"cup-shaped element', and in one embodiment has an aspect 
ratio in the range of 1 to 5 although other aspect ratioS may 
be used in other embodiments. 

0054 Conductive layer 197 together with sleeve 3 and 
floor 91 Substantially enclose plug 195. So, any charge that 
may be stored in the region (also called "storage tunnel') 
between plug 195 and Such Surrounding elements is leSS 
likely to be affected by alpha particles than in prior art 
devices, Such as flash memory. At the same time, the Storage 
tunnel holds a charge in a non-volatile manner, even when 
no power is Supplied to the device as described elsewhere. 

0055) Instead of floor 91, a roof 290 may be attached to 
capacitor 100 as illustrated in FIGS. 26-28. Roof 290 (FIG. 
28) is located at the top of the sleeve (and is also called a 
“cap’). Note that in another implementation, Such a structure 
does not have a cap or a cup, i.e. has only the Sleeve. 
Referring back to FIG. 9, floor 91 which may be an artifact 
of a manufacturing process, may be eliminated as discussed 
below in reference to FIG. 17, thereby to ensure that the 
resultant device effectively functions as an inductive Storage 
capacitor 100. 
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0056 Circuit elements of inductive storage capacitor 100 
are shown overlayed onto a cross-sectional view in FIG. 10. 
The interaction of the coupled devices creates the equivalent 
circuit to the circuit in FIG. 5. The input lead 190 is 
connected to layer 191 (FIG. 10) which forms a first 
terminal 203 of a storage capacitor 33. Conductive sleeve 3 
also forms a coil of the inductor 34. Plug 195 forms a core 
of the inductor 34. During operation, inductor 34 creates an 
electrical field 204 around the plug 195. Plug 195 forms an 
electrical path 209 from the second terminal 207 of storage 
capacitor 33 to a terminal 208 of the sense capacitor 55. 
Conductive material 197 forms a second terminal 206 of 
sense capacitor 55, which is connected by lead 198 to a 
SCSO. 

0057 The storage of electrons in inductive storage 
capacitor 100 occurs at an interface 214 (FIG. 11) in trap 
material 5 (FIG. 1), where the inductive field 204 works 
with the Storage capacitor 33 to cause the generation of 
electron hole pairs to occur in a phenomenon known as 
Trap-to-Band Tunneling (TBT). As the input voltage is 
applied, the electron waves move around first layer 191, 
thereby to form an inductive field 204. Storage capacitor 33 
causes electron to accumulate along interface 214 formed 
between second layer 192 and third layer 193. Another 
interface 215 formed between third layer 193 and fourth 
layer 194 also provides an electron-trapping interface, 
although not as strong as interface 214. Fourth layer 194 
provides a high dialectic material to hold the electrons at 
interface 215, and to stop the flow of electrons into plug 195. 
When the voltage level on first layer 191 reaches a maxi 
mum, the inductive field 204 collapses causing the electrons 
to be trapped in trap material 5. 

0.058. In one embodiment, trap material 5 at interface 214 
(FIG. 12) is made up of silicon atoms 220A-220Z (Z being 
the number of silicon atoms), and oxygen atoms 221A-221X 
(X being the number of oxygen atoms), wherein X-Z. 
Although Silicon and oxygen atoms were just described in 
one example, trap material 5 is any material in an amorphous 
(and vitreous, meaning that the atomic structure is ordered 
only over short distances) form having free (or dangling) 
electron bonds. Another embodiment uses trap material 5 in 
the form of C-quartz, which features a perfectly ordered 
arrangement of Siatoms located at the center of tetrahedral, 
and oxygen atoms at the vertexes. Each oxygen atom 
occupies a bridging location and forms two chemical bonds 
with Si atoms belonging to adjacent tetrahedral. 

0059. In the example illustrated in FIG. 12, trap material 
5 has dangling electron bonds 222A-222P, and also has 
stretched silicon-to-silicon Si-Si bonds 223A-223L. The 
dangling electron bonds 222A-222P are randomly distrib 
uted, and allow for electrons to rapidly exchange charges, 
also known as 'fast Surface States, and can become hole 
traps as they can capture and release electron carriers. Hole 
traps can be of two types: acceptor traps (that are empty 
holes) and donor traps (that are occupied holes). 
0060. When acceptor traps are empty or neutral and a 
field is generated and electrons Start moving, these traps are 
filled with negatively charged electrons and become donor 
traps, which are neutral when occupied (and are positively 
charged). Depending on the implementation, Such traps may 
be filled in, e.g. 327 picoSeconds. Storage capacitor 33 and 
inductor 34 (FIG. 5) cause an electrical field 204 (FIG. 12) 
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along interface 214 to expand and collapse, which in turn 
causes electrons to move into and become trapped in this 
interface 214. As the electrical field 204 expands the amount 
of work or kinetic energy used to move the electrons into the 
traps is measured by monitoring Voltage or current produced 
by the sense capacitor 55 (FIG. 5). If interface 214 (also 
called "storage tunnel”) already contains trapped electrons, 
then more electrons will be free to migrate to the Sense 
capacitor 55 and the output of the sense capacitor 55 will 
more closely follow the source 31 of the input voltage. If 
interface 214 does not contain trapped electrons then most of 
the kinetic energy will be used to move electrons to interface 
214 (FIG. 12) and trap them. The output charge of sense 
capacitor 55 will be delayed until interface 214 reaches a full 
or equilateral State. 
0061. In one embodiment of the device, a via hole 101 
(FIG. 13) is created in semiconductor material 102 (such as 
a wafer of Silicon, or germanium) that may be present in a 
Semiconductor Substrate 103. In one example a circular 
three-micron wide by 10 microns deep hole 101 with an 
aspect ratio of 3 to 10 is created in Semiconductor Substrate 
103. The shape of via hole 101 in cross-section is circular, 
elliptical, Square, triangular or any other shape that allows a 
conductive sleeve 3 (FIG. 14) to be built separate and 
distinct from a core 195 (to form an inductor when a trace 
is coupled to one end of the conductive sleeve 3). Moreover, 
as noted elsewhere, the sidewall of via hole 101 can be 
Slanted, so that core 195 has the shape of a frustrum of a 
cone. The width W (FIG. 13) of via hole 101 is sufficiently 
large enough to allow hole 101 to accommodate at least a 
core, trapping material Surrounding the core, and a conduc 
tive sleeve Surrounding the trapping material (as discussed 
above in reference to FIG. 1), each of uniform thickness as 
discussed below. 

0062. As process technology evolves the aspect ratio of 
height to width is changed to allow for the creation of 
devices of different resonant frequencies. The ratio is deter 
mined by the design of the inductive Storage capacitor, 
because the capacitance and the inductance depend on the 
Speed of operation of the device (which in turn is determined 
by a resonant frequency). 
0063) Thereafter, a layer 104 (FIG. 14) of a conductive 
material, like aluminum or copper, is formed in hole 101. 
Conductive sleeve 3 is formed as a sidewall in contact with 
a Surface of Via hole 101. Depending on the manufacturing 
process, the just-described Sidewall is perpendicular to the 
surface 105 of semiconductor Substrate 103, but may be 
angled to reduce faseting and trenching of layers that are to 
be deposited in the Space defined by conductive sleeve 3. An 
additional Step may be performed, to deposit a dielectric 
material between a Surface of via hole 101 and conductive 
sleeve 3 to protect operation of sleeve 191 in the presence of 
impurities in Substrate 102. 
0064 Alayer 104 of electrically conductive material (like 
aluminum, copper, platinum, titanium, or polysilicon) is 
deposited (FIG. 14) into the via hole 101 using a PVD 
processing. In one embodiment the sleeve thickneSST, e.g. 
of 10 angstroms of conductive aluminum material was used. 
A Rapid Thermal Process (RTP) may be used to anneal the 
Surface 21 if the Surface 21 contains Spikes, e.g. created by 
the physical vapor deposition (PVD) process. 
0065. In one embodiment, a second layer 192 (FIG. 15) 
is formed (e.g. of Silicon (Si)) on Surface 21 of conductive 



US 2004/0O84751A1 

layer 191. Second layer 192 is applied using, e.g. chemical 
vapor deposition (CVD) process to deposit 30 angstroms (or 
3 um) thick silicon. Next a third layer 193 (FIG. 16) is 
formed, e.g. Silicon dioxide (SiO2) is deposited at a thick 
ness of 100 angstroms (or 10 um) over second layer 192 
using a CVD process creating trap material 5 (e.g. a silicon 
silicon dioxide interface junction). A fourth layer 194 (FIG. 
17) is formed, e.g. of silicon nitride (SiN.) which has a high 
dielectric value is then deposited using a CVD process, over 
third layer 193 at a thickness of 30 angstroms (or 3 um). 
After formation of layer 194, a hole is etched in floor 91, 
through layers 191-194, in one embodiment to obtain a 
desired resonant frequency, inductance or capacitance, or to 
eliminate secondary effects. Next, a plug 4 (FIG. 18) of a 
conductive material is formed using a PVD process into the 
via hole 101 to fill the via hole. 

0.066 The thickness T of the sleeve and the area of 
surface 21 (of sleeve 191) determine the sheet resistance, 
which can be used (as discussed above in reference to FIGS. 
1 and 2) to calculate the inductance and the capacitance of 
inductive Storage capacitor 100. Such values are used to tune 
the device to operate at any desired resonant frequency. The 
resistance and capacitance are used to compute an RC 
transmission line value, and the circuit delay is calculated 
therefrom, to determine the proper timing for reading the 
charge Status of the device to determine if the trap material 
contains a charge. The size (diameter and height) of plug 4 
determines the area of Surface 180, that in turn is used to 
calculate the capacitance. The density of plug 4 is used to 
calculate the inductance. The area of an end Surface 181 of 
plug 4 is determined to calculate the capacitance of a Sense 
capacitor 48. By changing the height and diameter of the 
core (formed by plug 4) different values are achieved for 
each of the inductance, and the two capacitances, to tune the 
device for a specific resonant frequency for the operation of 
the device. 

0067. In one embodiment, a dielectric layer 196, e.g. of 
silicon nitride (SiN.) (FIG. 19) of high dielectric value, is 
then deposited using a CVD process, over plug 4 at a 
thickness of 200 angstroms or 20 lim. A conductive layer 
197 (FIG. 20), e.g. of polysilicon (or other conductive 
material like aluminum) is deposited using a CVD or PVD 
process over the dielectric layer 196 to form Sense capacitor 
48. The surface area of a portion of layer 197 used to form 
Sense capacitor 48 is calculated to determine the capacitance 
of Sense capacitor 48. 
0068 Although other cross-sections may be used in other 
embodiments, in one embodiment the device illustrated in 
FIG. 20 has a circular cross-section (FIG.21) when viewed 
along the section line AA (FIG. 20). Specifically, each of 
layers 191-194 have circular cross-sections and form con 
centric circles Surrounding one another, with layer 191 being 
the outermost layer. Innermost layer 194 surrounds core 195 
that also has a circular croSS-Section. 

0069. In one embodiment, during operation, inductive 
Storage capacitor 100 is charged and discharged as illus 
trated in FIGS. 22-25. FIG. 22 shows the timing sequence 
for reading inductive Storage capacitor 100 that has a 
discharged State initially at time to (shown on the X axis), 
and for writing into inductive Storage capacitor 100 a 
charged state by time ta. Specifically, curves 321-324 rep 
resent, along the Y axis the input voltage Vi, inductive flux 
F, Stored charge Cs, and Sensor Voltage Vs respectively. 
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0070. At time to, input voltage Vi, inductive flux F, stored 
charge Cs, and Sensor Voltage Vs are all Zero. At time to a 
signal of voltage Vmax (e.g. 3V) is applied to trace 25 (FIG. 
4), and in response the Voltage at terminal 24 starts to rise 
as shown by segment 321a of curve 321 until voltage Vmax 
is reached at time t1. Simultaneously, a Voltage-induced 
inductive flux F is formed as shown by segment 322a. This 
inductive field 23 (FIG. 4) is present between the storage 
capacitor elements 21 and 22, and causes free electrons to 
collect in trap material 5 (FIG. 1), as shown by segment 
323a of curve 323. As both capacitor 29 (FIG. 2) charges 
and inductive field 23 increases, the electron population in 
trap material 5 increases. Therefore, at time t1, a charge Cl 
is stored in trap material 5. Charge C1 is smaller than 
another charge C2 that denotes a charged State. 
0071 Simultaneously, in the time period to-t1, sense 
capacitor 48 starts to charge slowly as shown by Segment 
324a because most of the energy injected into the inductive 
Storage capacitor 100 is used to move free electrons into 
storage tunnel formed at interface 214. When the voltage 
level Vi on the Storage capacitor 29 is equal to the Supply 
voltage Vmax at time t1 then the inductive field 23 collapses 
as shown by segment 322b. 
0072 Sense capacitor 48 has an output voltage Vs as 
shown by Segment 324a, and this Voltage is tested at time t1 
to find out if the energy injected into the inductive Storage 
capacitor 100 has caused the output voltage Vs to rise above 
a threshold Vthresh. In this example, the output voltage Vs 
is below the threshold Vthresh, and therefore the state of the 
inductive storage capacitor 100 is discharged. Instead of 
having just two States of charged and discharged as 
described above in reference to FIG. 22, an inductive 
Storage capacitor 100 can have one or more intermediate 
States, e.g. have a total of four States (indicating four levels 
of stored charge), if the threshold Vthresh is reached at 
different time intervals from start time to as discussed below 
in reference to FIG. 25. For examples of implementing such 
multiple States using a single Storage capacitor, See Chapter 
6 of the book entitled “Flash Memories” by Paolo Cappel 
letti et al. Kluwer Academic Publishers, 1999, which chapter 
is incorporated by reference herein in its entirety. 
0073. As inductive field 23 collapses as shown by seg 
ment 322b a number of free electrons (representing addi 
tional charge C2-C1) enter trap material 5 as shown by 
segment 323b (between times t1 and t2) and the opposite 
charges will rapidly collect on Sense capacitor 48 as shown 
by segment 324b (between times t1 and t2). This rapid 
movement of charges (as shown by Segment 323b) causes a 
Voltage and current Spike as shown by Segments 324b and 
324c to occur on the output of sense capacitor 48. 
0074. In this embodiment, the output voltage Vs of sense 
capacitor 55 is monitored by sensor 56 a second time, at time 
t2, in addition to the monitoring at time t1 as discussed 
above, to verify that storage of charge C2 (indicative of the 
read process) has occurred, by checking that Vs has 
exceeded Vthresh. If inductive storage capacitor 100 is 
defective, this test fails, thereby to identify a failed device. 
Therefore, inductive storage capacitor 100 has built in error 
checking of the type not available in prior art Storage 
capacitors. 

0075). If inductive storage capacitor 100 is to be charged 
after the read process, then the input terminal 24 is discon 
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nected from the voltage supply 31 (FIG. 5) as shown by 
Segment 321d, because a charge has been already Stored as 
described above in reference to FIG. 22. Because the 
dielectricS are not perfect, Some leakage of Storage capacitor 
100 occurs slowly over time (depending on the dielectric 
leakage) as shown by Segment 321d. This slow decay occurs 
after time t3, and is insufficient to cause a significant 
inductive field to be formed (field sufficiently significant to 
discharge the charge C2 to Zero coulombS over the life of the 
device, e.g. 1 year). 
0.076 If inductive storage capacitor 100 happens to con 
tain a stored charge prior to the read process (as illustrated 
by segment 333a in FIG.23), then during time period to-t1, 
voltage Vs (see segment 334a) at the output trace 198 (FIG. 
9) of sense capacitor 55 follows the voltage Vi (see segment 
321a) presented at input terminal 24. In this case, output 
voltage Vs exceeds the threshold voltage V thresh at a time 
t0a, prior to time t1. Time toa being smaller than time t1 
indicates to sensor 56 that inductive storage capacitor 100 
contained a Stored charge prior to the read process. In all 
other respects, inductive Storage capacitor 100 operates in 
the same manner as described above in reference to FIG. 22, 
including operation of Sense capacitor 48 at time t2 to Verify 
that a charge has been Stored. 
0.077 To store a discharged state in inductive storage 
capacitor 100, the input terminal of the storage capacitor 29 
is grounded (see Segment 341c in FIG. 24). Storage capaci 
tor 29 is discharged and opposite polarity inductive field 
(shown negative in FIG. 24) is generated (see Segment 
342c). When storage capacitor 29 has completely discharged 
(see Segment 341 d) and is at or below ground reference (see 
time period t3-t4) then the inductive field 23 (see segment 
342d) collapses to reach Zero at time t1. During time period 
t2-t3, the opposite polarity inductive field Starts to empty the 
Stored charge in trap material 5 (as shown by Segment 343c). 
Between times t3 and tak, the collapse of inductive field 23 
forces the electrons in trap material 5 to be attracted to 
surface 44 (FIG. 4) and trap material 5 becomes empty (see 
segment 343d) at time tA. During time period t2-t3, the 
charge in Sense capacitor 55 also decays (see segment 344c) 
in response to the loss of charge in trap material 5, and when 
the storage capacitor 29 has discharged (at time ta) the Sense 
capacitor 55 will have also discharged (see segment 344d). 
During this Storage proceSS as well, Sense capacitor 48 may 
Verify that a discharge occurred, e.g. if the Voltage at output 
trace 198 of sense capacitor 55 falls to a negative threshold 
Vn at time t-1 (e.g. a -3 volt Spike). 
0078. In one embodiment, input terminal 24 of storage 
capacitor 29 is grounded (see segment 351c in FIG.25), and 
inductive Storage capacitor 100 operates as discussed above 
in reference to FIG. 24, except for a shorter duration than 
t2-t4. Specifically, the duration is Selected to implement one 
or more partially charged States for inductive Storage capaci 
tor 100. For example, to implement two states in addition to 
the charged and discharged States, input terminal 24 is 
decoupled from the ground reference (e.g. allowed to float) 
after the respective durations Tx and Ty, as illustrated by 
Segments 71-72, and therefore Storage capacitor 29 remains 
partially charged as illustrated by segments 73-74. The 
partially Stored charge in inductive Storage capacitor 100 is 
read at durations TX and Ty that are identical to the corre 
sponding durations used in Storing the partial charge, 
because the device charges and discharges at the same rate 
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due to the resonant frequency. Such multiple States of 
inductive Storage capacitor 100 are used to Store multiple 
bits of data. 

0079. In another embodiment (FIG. 26A) the inductive 
Storage capacitor 360 is constructed on top of a Semicon 
dutor wafer instead of inside a via hole. In this example 
inductive Storage capacitor 360 has been created upside 
down in the same manner as that described above in refer 
ence to FIGS. 13-20 except for the following differences. 
The processing Steps are reversed with construction of the 
inductive Storage capacitor 360 starting with a conductive 
layer 197 that is used to form sense capacitor 48 (FIG. 4). 
Specifically, conductive layer 197 is deposited using either 
a metal or polysilicon. Next, a dielectric layer 196 is 
deposited on conductive layer 197 using a CVD process. 
Thereafter, plug 195 (e.g. metal) is deposited followed by 
fourth layer 194 (e.g. silicon nitride (SiN). The third layer 
193 (e.g. silicon dioxide) and second layer 192 (e.g. silicon) 
are then added. Then first layer 191 (e.g. metal that forms a 
sleeve or cup) is deposited and connected to the circuit to 
form inductive storage capacitor 360. 

0080) Note that several of the just-described acts can be 
performed after a thick dielectric is deposited and then a via 
hole created, e.g. layers 192-195 are deposited in the via 
hole. Also, a transistor 363 (FIG. 26B) can be built first, 
followed by formation of inductive storage capacitor 360 as 
described above. Specifically, drain 367, source 368 and 
base 369 are initially implanted into a substrate 399, fol 
lowed by formation of interconnects 364 and 366 on a 
surface of the Substrate 399. Next, a gate oxide 362 is 
deposited and a gate junction 365 is also deposited, followed 
by more oxide 362. Thereafter, via 198 is formed in contact 
with gate junction 365, followed by formation of layers 
197-191 as described above. 

0081. In another embodiment (FIG. 27) the inductive 
Storage capacitor 360 is formed upside down over a tran 
sistor (as described above in reference to FIG.26A), but the 
transistor's control gate 365 and via 198 are eliminated. The 
function of gate 365 is performed by conductive layer 197 
of sense capacitor 55. In yet another embodiment (FIG. 28) 
the inductive Storage capacitor is formed as described above 
in reference to FIG. 27, but conductive layer 197 of sense 
capacitor 55 is eliminated. The function of gate 365 (FIG. 
26) is performed by plug 195. In still another embodiment, 
a roof 290 (FIG. 28) is eliminated (e.g. etched away or not 
deposited) thereby to form a sleeve 191 instead of a cup 
(FIG. 29). 
0082 In yet another embodiment, a plug 195 (of any 
inductive storage capacitor as described herein) is made 
hollow, e.g. has a hole 401 (FIG. 30) at the center, and a 
material 402 may be deposited in such a hole 401. Material 
402 can be formed in an amorphous (and vitreous, meaning 
that the atomic structure is ordered only over Short dis 
tances) form to create free or dangling electron bonds, same 
as trap material 5. Therefore, material 402 forms an addi 
tional Storage tunnel (of the type described above in refer 
ence to trap material 5). The two storage tunnels in Such an 
inductive Storage capacitor act in concert to work better than 
a single Storage tunnel. When two storage tunnels are used, 
a Sense capacitor may be eliminated to prevent a charge in 
the Storage tunnel in the plug from generating a false signal 
in the Sense capacitor. 
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0083) Note that the just-described additional storage tun 
nel can replace the storage tunnel at interface 214 (FIG. 12), 
for example if trap material 5 is not present between sleeve 
3 and plug 4 (FIG. 1). In such a case, trap material 5 is 
replaced with any dielectric material. 
0084. In alternative embodiments, material 402 can be 
any material that is responsive to an inductive field 23. In 
one implementation, material 402 is a ferroelectric material 
that has a perovskite crystal Structure described by the 
general chemical formula ABO, where A and B are large 
and Small cations respectively. Therefore, any material that 
has paraelectric, pyroelectric, piezoelectric, or ferroelectric 
property can be embedded in plug 195. Examples of ferro 
electric material that can be embedded in plug 195 include 
Pb.ZrTiO, (PZT); Pb.La,TiO (PLT); Pb.La.Zr,TiO, 
(PLZT); BaTiO, Pb,Mg,NbO, (PMN); Pb,Mg,NbO-Pb 
TiO (PMNPT); SrTiO to name a few. 
0085. A plug 195 that has embedded therein a piezoelec 
tric material may also be used with an inductive Storage 
capacitor that is devoid of trap material 5. In Such a case, use 
of a piezoelectric material in plug 195 has the advantage of 
being able to control the direction and/or modulation of a 
beam of light or electrons or electromagnetic energy. There 
fore, Such a device can be used with a Source of light (Such 
as an LED or TFT) built into a semiconductor Substrate, e.g. 
instead of a transistor as described above in reference to 
FIGS. 26-29. 

0.086. In one embodiment, an inductive storage capacitor 
of the type described herein is used as a storage element 50 
(FIG. 31) in a memory cell 501 that may include a switch 
505 coupled to storage element 50 by a conductive trace 25. 
Switch 505, when operated by a control signal on a line 506, 
couples a trace 500 (that carries a signal of voltage Vmax) 
to an input terminal of storage element 50 (via trace 25). 
Memory cell 501 may be operated by a read/write Switch 
502 that provides the control signal on line 506. Memory 
cell 501 is coupled by an output trace 507 to a sensor 56 (as 
described above in reference to FIG. 5). 
0087. In one implementation, switch 505 is implemented 
by an NMOS transistor 605 (FIG. 32) having a gate con 
nected to trace 506 (that is connected to read/write switch 
502 as discussed above), and storage element 50 is imple 
mented by inductive storage capacitor 100. Transistor 605 is 
turned on during the read cycle, and the output of the 
inductive storage capacitor 100 is read by the sensor 56 (that 
is implemented by a CMOS transistor 604). 
0088. In one embodiment, the following signals (wherein 
1 represents a charged State and 0 represents a discharged 
State) are present at the input/output terminals of memory 
cell 501. 

Input line Read/Write Memory Cell Memory Cell 
500 line 506 State output 507 

Read O 1. 1. Discharged O 
Read 1 1. 1. Charged 1. 
Write O O 1. Discharged –1 
Write 1 float O Charged O 

0089 Specifically, in a read operation, input line 500 and 
read/write line 506 both carry a high signal, and a stored 
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charge (either 0 or 1) is supplied on output line 507. Note 
that at the end of each read operation, memory cell 501 has 
been charged. In an operation to write a 0, input line 500 
carries 0 and read/write line 506 carries a high signal, and 
memory cell 501 is discharged to a voltage of Zero. In an 
operation to write a 1, input line 500 floats and read/write 
line 506 carries a low signal, and memory cell 501 stays 
charged. 

0090. In one embodiment, a memory array 340 (FIG.33) 
uses a number of inductive storage capacitors (of the type 
described herein), each coupled to receive a signal of Voltage 
Vmax from a respective transistor, thereby to form a two 
dimensional array of memory cells 100a-100z. An address 
bus 341 (e.g. coupled to a CPU) provides input signals for 
an address decoder 342. In response to the input signals, 
address decoder 342 selects one of several select lines 343a 
through 343n to access a row 350a of memory cells 100a 
through 100g located in the array. An active Signal on Select 
line 343a from decoder 342, causes voltage source 344 to 
provide Signals to timing control circuit 354 that in turn 
Supplies a signal to transistor 345a. 
0091 Transistor 345a passes the signal from timing con 
trol circuit 354, through a line 350a, to each of memory cells 
100a-100g. Transistors 346a-346g in the respective memory 
cells 100a-100g have their gates coupled via their respective 
transistors 348a–348g to a data decoder 353. Data decoder 
353 receives a control Signal (e.g. from timing control circuit 
354) to turn on transistors 346a-346g during a read opera 
tion. When turned on, transistors 346a-346g pass the signal 
of voltage Vmax from voltage source 344 to their respective 
inductive Storage capacitors (not labeled). In response, 
inductive Storage capacitors provide their Stored charges to 
output lines 373a-373g that are coupled to the respective 
sensors 349a-349g. Sensors 349a-349g are coupled to a 
latch 356, that in turn provides the latched signals to an 
output data bus 357. 
0092. During a write operation, address decoder 342 
operates in the same manner as that discussed above for the 
read operation. The data to be stored is received on an input 
data bus 352, and is decoded in data decoder 353. Data 
decoder 353 operates transistors 348a-348g to drive appro 
priate Signals to the respective inductive Storage capacitors, 
to write a Zero (or discharged State) or one (or charged State). 
When a zero (or 1) is set then the column transistor 348a 
348g is turned on (or off) to allow the voltage source 344 to 
discharge (or stay charged) memory cells 100a-100g. 
0093. To generate signals for transistors 348a-348g, data 
decoder 353 inverts the data received on data input bus 352, 
because a previous read operation has left memory cells 
100a-100g in a charged state, and data decoder 353 must 
determine which cells must be discharged (to reflect the data 
received on bus 352). As a read operation always precedes 
a write operation, decoder 353 must invert the data Signal. 
0094) Furthermore, as a read operation results in charged 
state of the memory cells 100a-100g, all data stored in these 
cells is no longer left therein, thereby resulting in a destruc 
tive read. Therefore, latch 356 may be coupled to transistors 
346a-346g which pass the signal of voltage Vmax from 
Voltage Source 344 to their respective inductive Storage 
capacitors (not labeled), So that the just-read data is rewritten 
(at the end of a read operation) into memory cells 100a 
100g. Note that any addressing circuitry that operates with 
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destructive read memory cells can be used, e.g. See U.S. Pat. 
No. 4,153,934 that is incorporated by reference herein in its 
entirety. 

0.095 Numerous modifications and adaptations of the 
embodiments, implementations and examples described 
herein will be apparent to the skilled artisan in view of the 
disclosure. For example, an inductive capacitor of the type 
described herein, but devoid of the trap material, is used in 
one embodiment of a radio-frequency circuit (Such as an RF 
detector) as an LC filter. Such an LC filter has the advantage 
of eliminating the need for an external filter, and takes leSS 
real estate on the die than a conventional LC filter in which 
the inductor is formed Separate and distinct from the capaci 
tor. Furthermore, although in Some embodiments, certain 
Surfaces are flat, or cylindrical, or parallel, or coaxial to one 
another, in other embodiments, other Surfaces may just 
approximate Such Surfaces to within 10% variation in a 
measure of the respective properties (Such as two Surfaces 
with 10% variation in distance therebetween are considered 
approximately parallel, and a Surface is considered approxi 
mately cylindrical if it fits within two concentric cylinders 
with the Smaller cylinder having 90% of the volume of the 
larger cylinder), depending on manufacturing constraints. 
0.096 Numerous such modifications and adaptations are 
encompassed by the attached claims. 

1. A device comprising: 
a first element; 
a second element at least partially Surrounding the first 

element and physically Separated from the first ele 
ment; and 

a material having a plurality of dangling bonds, Said 
material being located between Said first element and 
Said Second element. 

2. The device of claim 1 further comprising: 
a Semiconductor Substrate; 
wherein each of the first element, the Second element and 

the material are Supported by the Semiconductor Sub 
Strate, and the material includes a Semiconductor mate 
rial. 

3. The device of claim 1 wherein the second element 
Surrounds a majority of a Surface of the first element. 

4. The device of claim 1 wherein the first element includes 
an electrical conductive material. 

5. The device of claim 1 wherein the second element 
includes an electrical conductive material. 

6. The device of claim 1 wherein the first element is at 
least approximately cylindrical in shape. 

7. The device of claim 1 further comprising: 
a third element physically Separated from each of the first 

element and the Second element, the third element 
being located transverse to each of a first axis of the 
first element and a Second axis of the Second element. 

8. The device of claim 7 wherein the first element and the 
third element form a capacitor. 

9. The device of claim 7 wherein the first element has a 
first end facing the third element, the first end being at least 
approximately flat. 

10. The device of claim 9 wherein the third element has 
a Surface at least approximately parallel to the first end. 
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11. The device of claim 7 wherein each of the second 
element and the third element include a common electrical 
conductive material. 

12. The device of claim 7 wherein the second element 
includes one electrical conductive material and the third 
element includes another electrical conductive material. 

13. The device of claim 7 wherein an electrical charge can 
be sensed in the third element. 

14. The device of claim 1 wherein the first element 
includes a trap material Surrounded by an electrically con 
ductive material. 

15. The device of claim 1 wherein the first element and the 
Second element form a capacitor. 

16. The device of claim 1 wherein the first element and the 
Second element form a first capacitor and the first element 
and the third element form a Sense capacitor, wherein the 
first capacitor and the Sense capacitor are coupled in Series. 

17. The device of claim 1 wherein the first element and the 
Second element form an inductor, with the first element 
acting as a core and the Second element acting as a coil. 

18. The device of claim 1 wherein the first element 
generates an electrical charge in response to applying power 
to the Second element. 

19. The device of claim 1 wherein: 

the first element is cylindrical in shape with at least one 
flat end; 

the first element and the Second element are conductive; 
a material between the first element and the Second 

element is at least Substantially dielectric, 
the third element is at least Substantially parallel to the flat 

end of the first element; and 
another material between the first element and the third 

element is at least Substantially dielectric. 
20. A device comprising: 
an annular element located in a via hole of a Semicon 

ductor material; 

a plug located in the via hole and Surrounded at least 
partially by but isolated from the annular element; and 

another element facing one end of the plug. 
21. The device of claim 20 wherein the plug is at least 

approximately cylindrical in Shape. 
22. The device of claim 21 wherein an axis of the annular 

element is at least approximately coaxial with an axis of the 
plug. 

23. The device of claim 20 wherein said another element 
is connected to the annular element and is isolated from the 
plug, and the device further includes yet another element 
facing another end of the plug. 

24. The device of claim 23 wherein the only connection 
of Said another element to a Voltage Source is through the 
annular element. 

25. The device of claim 20 wherein: 

Said another element is at least approximately planar and 
is hereinafter referred to as “end element'; and 

Said end element is isolated from each of the plug and the 
annular element. 
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26. The device of claim 25 further including yet another 
element located transverse to and connected to the annular 
element, wherein Said elements at least partially enclose the 
plug. 

27. A device comprising: 
an element located in a via hole of a Semiconductor 

material; and 
a core located in the via hole and Separated from but at 

least partially Surrounded by the element. 
28. The device of claim 27 wherein when viewed in a 

direction perpendicular to the core: 
a portion of the element overlaps at least a region of the 

core; and 
another portion of the element Surrounds the core. 
29. The device of claim 27 wherein the element is 

hereinafter “first element” and the device further comprises: 
a Second element Separated from the core and Overlapping 

at least a region of the core when Viewed in a direction 
perpendicular to the core. 

30. The device of claim 29 wherein the first element is 
connected to a first conductor for carrying a first Voltage, the 
Second element is connected to a Second conductor for 
carrying a Second Voltage, and the core is not connected to 
any conductor. 

31. A multilayered Structure comprising: 
a cup-shaped element defining an interior Volume; and 
a core located in the interior volume and separated from 

but surrounded by a first wall of the cup-shaped ele 
ment, one end of the core facing a Second wall of the 
cup-shaped element; 

wherein Said Second wall is transverse to and connected to 
said first wall. 

32. The device of claim 31 further comprising: 
an electrode Separated from each of the core and the 

cup-shaped element, the electrode facing another end 
of the core. 

33. The device of claim 32 wherein: 

the electrode and the cup-shaped element Substantially 
enclose the core. 

34. The device of claim 32 further comprising: 
a dielectric element formed of a Semiconductor material 

and located between the core and the electrode. 
35. The device of claim 31 further comprising: 
a dielectric element formed of a Semiconductor material 

and located between the cup-shaped element and the 
COC. 

36. A circuit comprising: 
a capacitor, 

an inductor coupled in parallel to Said capacitor, and 
a dielectric material located inside Said capacitor, Said 

dielectric material having a plurality of traps. 
37. The circuit of claim 36 wherein: 

the inductor is in contact with the dielectric material. 
38. The circuit of claim 36 wherein: 

the inductor is adjacent to the dielectric material. 
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39. The circuit of claim 36 wherein: 

during operation of Said circuit Said inductor generates a 
field passing through Said dielectric material. 

40. The circuit of claim 36 further comprising: 
a Sensor coupled to Said capacitor. 
41. The circuit of claim 40 wherein: 

Said capacitor and Said inductor are coupled to a common 
terminal; 

Said Sensor is coupled to Said common terminal; and 
a Voltage Source is coupled to Said common terminal. 
42. The circuit of claim 36 wherein said capacitor is 

hereinafter “first capacitor,” and the circuit further com 
prises: 

a Second capacitor in Series with Said first capacitor. 
43. The circuit of claim 42 wherein: 

Said dielectric material is not present inside Said Second 
capacitor. 

44. The circuit of claim 42 further comprising: 
a Sensor coupled to Said Second capacitor. 
45. The circuit of claim 44 wherein: 

a Voltage Source is coupled to a terminal of Said first 
capacitor, and 

Said Sensor is coupled to a terminal of Said Second 
capacitor. 

46. A method comprising: 
forming a via hole in a Semiconductor material; 
forming a first layer of conductive material inside the via 

hole; 
forming a Second layer of insulative material over the first 

layer, the Second layer defining an interior Volume, 
forming a third layer of trap material in Said interior 

Volume; 
forming a fourth layer of insulative material outside Said 

via hole; and 
forming a fifth layer of conductive material over the 

fourth layer. 
47. The method of claim 46 wherein: 

the third layer fills the interior volume; 
the third layer contacts the Second layer, and 
the third layer contacts the fourth layer. 
48. A method comprising: 
forming a first layer of conductive material in the shape of 

a column, over a Semiconductor material; 
forming a Second layer of insulative material over the first 

layer; 
forming a fourth layer of insulative material over the 

Second layer while simultaneously forming a third layer 
of trap material at an interface between the Second layer 
and the fourth layer, and 

forming a fifth layer of conductive material over the 
fourth layer. 

49. A computer comprising: 
a monitor displaying a Symbol, the Symbol including: 
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two parallel line Segments, and 
a spiral wrapped around the two parallel line Segments, 

and 

a memory encoded with Software that Simulates a capaci 
tor and inductor combination represented by the Sym 
bol. 

50. A method of forming a circuit diagram, the method 
comprising: 

drawing two parallel line Segments and a spiral wrapped 
around the two parallel line Segments to form a symbol; 
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drawing a Symbol of a circuit element Selected from a 
group consisting of a transistor and a resistor, and 

drawing a line connecting the circuit element and the 
symbol. 

51. The method of claim 50 further comprising: 

drawing a rectangle between the two parallel line Seg 
mentS. 


