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(57) ABSTRACT

The present subject matter relates to an electrical program-
mable read only memory (EPROM) cell. The EPROM cell
comprises a semiconductor substrate and a floating gate
separated from the semiconductor substrate by a first dielec-
tric layer. A control gate is capacitively coupled to the
floating gate through a second dielectric layer disposed
between the floating gate and the control gate. In an
example, the EPROM cell further comprises a conductive
gate connected to the floating gate, wherein the conductive
gate is to leak charges from the floating gate in a predeter-
mined leak time period.
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DISCHARGEABLE ELECTRICAL
PROGRAMMABLE READ ONLY MEMORY
(EPROM) CELL

BACKGROUND

[0001] Many electronic devices, such as consumer elec-
tronics, automobiles, computing systems, and other devices
associated with the computing systems, include integrated
circuits to perform a variety of tasks. Accordingly, various
integrated circuits may have varying configurations depend-
ing on end tasks to be performed. For example, integrated
circuits may form memory chips to store data.

[0002] Integrated circuits, such as read-only memory
(ROM) chips, programmable read-only memory (PROM)
chips, electrical programmable read-only memory
(EPROM), and the like may be used to store data. Such chips
generally comprise a plurality of memory cells arranged in
an array. The memory cells may be in a high resistance state
or a low resistance state to store one bit of data correspond-
ing to logic ‘1° or logic ‘0, respectively.

BRIEF DESCRIPTION OF FIGURES

[0003] The detailed description is provided with reference
to the accompanying figures. In the figures, the left-most
digit(s) of a reference number identifies the figure in which
the reference number first appears. The same numbers are
used throughout the figures to reference like features and
components.

[0004] FIG. 1 illustrates an integrated circuit, in accor-
dance with one example implementation of the present
subject matter.

[0005] FIG. 2 illustrates a dischargeable electrical pro-
grammable read only memory (EPROM) cell according to
an example of the present subject matter.

[0006] FIG. 3a illustrates a cross-sectional view depicting
various layers of the dischargeable EPROM cell, in accor-
dance with one example implementation of the present
subject matter

[0007] FIG. 35 illustrates a schematic view of the dis-
chargeable EPROM cell according to another example of the
present subject matter.

DETAILED DESCRIPTION

[0008] The present subject matter relates to an integrated
circuit, such as a memory chip. In an example, the memory
chip may be an electrical programmable read only memory
(EPROM) chip having an EPROM array. An EPROM array
generally comprises a conductive grid of columns and rows
with an EPROM cell disposed at each intersection of the
rows and columns. Each EPROM cell has two gates that are
separated from each other by a dielectric layer. One of the
gates is called a floating gate and the other is called a control
gate. The floating gate links to a corresponding row through
the control gate.

[0009] The floating gate, initially, has no charge, which
causes the EPROM cell to be in a low resistance state, giving
a value of logic ‘0’ to a bit stored in the EPROM cell. To
change the value of the bit to logic ‘1°, i.e., a high resistance
state, a programming voltage is applied to the control gate
of the EPROM cell. The programming voltage is such that
an adequate quantity of electrons is pushed into the floating
gate, thereby increasing a threshold voltage of the EPROM
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cell. Once programmed, the electrons remain stored in the
floating gate and the EPROM cell holds the charge until it
is further reprogrammed.

[0010] Inaccordance with one example implementation of
the present subject matter, a dischargeable EPROM cell that
may dissipate the stored charge in a predetermined time is
described. Further, in accordance with one example imple-
mentation of the present subject matter, an integrated circuit
comprising an EPROM array, having one or more discharge-
able EPROM cells disposed at predetermined positions in
the EPROM array, is also described.

[0011] In an example, each of the dischargeable EPROM
cells comprises a floating gate, wherein the floating gate is
to store electrons upon the EPROM cell being programmed.
The floating gate is electrically connected to a conductive
gate. The conductive gate dissipates the electrons from the
floating gate in a predetermined leak time period. In accor-
dance with one example implementation of the present
subject matter, the conductive gate may have an exposed
surface to leak the electrons that get accumulated in the
floating gate when the EPROM cell is programmed.
[0012] Accordingly, an EPROM cell which may otherwise
store the charge for a substantially longer duration, may lose
the charge in the predetermined leak time period. In an
example, the integrated circuits comprising the EPROM
array, may have one or more dischargeable EPROM cells,
that change state in the predetermined leak time period,
included at predetermined positions in the EPROM array.
The described integrated circuits may be used for a variety
of applications, for instance, to check quality of circuits on
consumables, such as print cartridges, which may include
ink cartridges and titration print heads. Further, in one
example, traditional systems and methods may be used for
testing and programming the presently described integrated
circuits that incorporate one or more dischargeable EPROM
cell, thereby making it convenient to use the present inte-
grated circuits in various devices without incurring extra
costs.

[0013] The above discussed integrated circuits and dis-
chargeable EPROM cells are further described in the figures
and associated description below. It should be noted that the
description and figures merely illustrate the principles of the
present subject matter. It will thus be appreciated that
various arrangements that embody the principles of the
present subject matter, although not explicitly described or
shown herein, can be devised from the description and are
included within its scope.

[0014] FIG. 1 illustrates an integrated circuit 100, in
accordance with one example implementation of the present
subject matter. In an example, the integrated circuit 100 may
be a non-volatile memory chip, such as an Electrically
Programmable Read Only Memory (EPROM) chip. The
EPROM chip may include an EPROM array 102 amongst
other things. The EPROM array 102 comprises a plurality of
EPROM cells E(R1,C1), E(R1,C2), . . ., E(Rn,Cn). As
illustrated, EPROM cells E(R1,C1), E(R1,C2), . . ., E(Rn,
Cn) of the EPROM array 102 are disposed in rows and
columns in a grid-like manner.

[0015] In an example implementation, the EPROM array
102 may comprise one or more dischargeable EPROM cells
104-1, 104-2, 104-3, . . . , and 104-» located at predeter-
mined positions in the EPROM array 102 In other words,
one or more EPROM cells E(R1,C1), E(R1,C2), ..., E(Rn,
Cn) in the EPROM array 102 may be dischargeable. Such
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EPROM cells E(R1,C1), E(R1,C2), . . . , E(Rn,Cn), are
herein referred to as dischargeable EPROM cells 104-1,
104-2, 104-3 . . . , and 104-n. In the illustrated example
implementation, the last EPROM cell E(R1, Cn) of the first
row of the EPROM array 102 is dischargeable.

[0016] The dischargeable EPROM cell E(R1, Cn), here-
inafter referred to as EPROM cell 104-r, comprises a
floating gate 106-», which is connected to a conductive gate
108-7 of the EPROM cell 104-7.

[0017] In operation, upon programming of the EPROM
cell 104-n, the floating gate stores electrons, while the
conductive gate 108-z dissipates the electrons stored in the
floating gate 106-n. Accordingly, once the EPROM cell
104-7 is programmed, for example, by applying a program-
ming voltage, after a lapse of a predetermined leak time
period, the EPROM cell 104-n looses its charge due to
dissipation of the electrons stored in the floating gate 106-»
through the conductive gate 108-n. In an example, the
predetermined leak time period may be based on a surface
area of an exposed surface of the conductive gate 108-7.

[0018] Accordingly, the EPROM cell 104-7, which ordi-
narily would have retained the electrons in the floating gate
for a substantially long time after being programmed, dis-
sipates the same in the predetermined leak time period
through the conductive gate 108-z. Thus, in an example
implementation, where the entire EPROM array 102 may be
programmed, while the other EPROM cells of the EPROM
array 102 retain the charge, the dischargeable EPROM cells
104-1, 104-2, 104-3, and 104-», may leak the charge.

[0019] Leaking of the charge by the dischargeable
EPROM cells 104-1, 104-2, 104-3, . . ., and 104-z causes
a change in the data programmed in the EPROM array 102.
The change in the data is in accordance with the predeter-
mined location of the dischargeable EPROM cells 104-1,
104-2,104-3, . . . , and 104-. This may be better explained
with the help of the example provided below.

[0020] Consider an EPROM array comprising a single row
of eight EPROM cells, for instance. Upon programming,
each of the eight EPROM cells may store one bit of data
having a logic ‘1’ value and accordingly, the data stored in
the EPROM array may be 255. If, in the present example, the
EPROM cell at a least significant bit (LSB) position of the
EPROM array is a dischargeable EPROM cell, the L.SB bit
will become logic ‘0 after the predetermined leak time
period due to the leakage of the charge. Thus, the data read
from the EPROM array after the predetermined leak time
period will be 254 and not 255. Similarly, in case the
EPROM cell at the LSB+1 position is dischargeable, the
data read from the EPROM array after the predetermined
leak time period is 253.

[0021] Since the location of the dischargeable EPROM
cells 104-1, 104-2, 104-3, and 104-7 is predetermined, the
change in the data that is programmed in the integrated
circuit 100 may be determined. Such a determination may be
further used for various purposes, for example, to identify
source of a given product. For example, a controller may
write data onto the integrated circuit 100 and subsequently
read the data after the lapse of the predetermined leak time
period. If the change in the data written in the integrated
circuit 100 is in accordance with the predetermined positions
of the dischargeable EPROM cells 104-1, 104-2, 104-3, . .
. , and 104-n, as provided to the controller by a source, the

Jan. 4, 2018

controller may determine the integrated circuit 100, or a
product that may incorporate the integrated circuit 100, to be
associated with the source.

[0022] Further details of working of a dischargeable
EPROM cell is provided in reference to FIG. 2 that illus-
trates a dischargeable EPROM cell 200 according to an
example of the present subject matter.

[0023] As mentioned previously, an EPROM chip com-
prises a conductive grid of rows and columns (not shown in
Figures). An EPROM cell, for example, the dischargeable
EPROM cell 200 depicted in FIG. 2 is present at an
intersection of a row and a column. The dischargeable
EPROM cell 200, also referred to as the EPROM cell 200 for
simplicity, comprises a column control transistor and a row
control transistor (not shown in figure). To program the
EPROM cell 200, the EPROM cell 200 is selected by
applying a voltage to the row control transistor and to the
column control transistor. A programming voltage V, is then
applied at an control gate 202 of the EPROM cell 200 to
program the EPROM cell 200.

[0024] Inan example, a resistor (not shown in figure) may
be disposed in series between the drain 202 and a source of
the programming voltage V,, to provide a breakdown current
limit for the EPROM cell 200. The programming voltage V,
causes electrons from a semiconductor substrate 204 to
move into a floating gate 206 of the EPROM cell 200.
Further, as discussed earlier, in an example implementation,
the floating gate 206 is electrically connected to a conduc-
tive gate 208 to provide a path to leak the electrons stored
in the floating gate 206 of the EPROM cell 200. The leakage
of the electrons through the conductive gate 208 may, in
turn, result in change in a state of a corresponding bit of the
EPROM chip in a predetermined leak time period.

[0025] In accordance with an example implementation of
the EPROM cell 200, the conductive gate 208 may have an
exposed surface located at the top-most surface of the
EPROM cell 200, for example. The predetermined leak time
period may be based on a surface area of the exposed surface
of the conductive gate 208. In an example, the predeter-
mined leak time period is in the range of few microseconds
to few tens of minutes.

[0026] The operation of a dischargeable EPROM cell may
be further elaborated with reference to FIGS. 3a and 35 that
depict the construction of the EPROM cell 300 in accor-
dance with an example implementation of the present sub-
ject matter. FIG. 3a shows a cross-sectional view depicting
various layers of the dischargeable EPROM cell 300, in
accordance with one example implementation of the present
subject matter while FIG. 35 shows a schematic view of the
dischargeable EPROM cell 300, in accordance with one
example implementation of the present subject matter.
[0027] The following description has been explained with
reference to an EPROM chip, however it will be appreciated
that the principles discussed herein may be extended to other
integrated circuits as well, albeit with a few variations.
[0028] As mentioned previously, in an EPROM chip hav-
ing an EPROM array, one or more dischargeable EPROM
cells, alike the EPROM cell 300, may be present, while, at
the same time, there may be other EPROM cells in the
EPROM array that are not dischargeable and may retain the
charge after programming. Referring to FIG. 3a, the cross-
sectional view of FIG. 3a showing the various layers cor-
responds to one bit of the EPROM array wherein the bit is
dischargeable.
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[0029] In an example, the EPROM cell 300 includes a
semiconductor substrate 302. The semiconductor substrate
302 may comprise, for instance, silicon substrate. The
semiconductor substrate 302 has n-doped regions or p-doped
regions (not shown in figure). The n-doped regions may
form a source junction and a drain junction of the EPROM
cell 300 or the p-doped regions may form a source junction
and a drain junction of the EPROM cell 300 depending on
the configuration of the EPROM cell 300. In one example,
the semiconductor substrate 302 may have a thickness of
about 675 microns, and the source junction and the drain
junction may have a thickness in a range of about 1-1.5
microns.

[0030] A first dielectric layer 304 is disposed atop the
semiconductor substrate 302. In an example, the first dielec-
tric layer 304 may be a gate oxide layer. The gate oxide layer
may include, for example, silicon dioxide and may have
thickness of about 700 angstroms (A) in one example.
[0031] The first dielectric layer 304 capacitively couples
the semiconductor substrate 302 to a floating gate 306 of the
EPROM cell 300. In an example implementation, the float-
ing gate 306 comprises a semiconductive polysilicon layer
308 and a conductive metal layer 310 electrically connected
to each other. In one example, the semiconductive polysili-
con layer 308 may have a thickness of about 3600 A.
Similarly, in an example, the conductive metal layer 310
may comprise aluminum copper silicon (AlCuSi), tantalum
aluminum (TaAl)/aluminum copper (Alcu), and may have a
thickness of about SKA.

[0032] Over the semiconductive polysilicon layer 308, and
partially surrounding the semiconductive polysilicon layer
308 and the gate oxide layer, a gate-dielectric layer 312 may
be provided. As depicted in the illustrated implementation,
the conductive metal layer 310 is disposed over the gate-
dielectric layer 312. For instance, the gate-dielectric layer
312 may include borophosphosilicate glass (BPSG)/un-
doped silicon glass (USG) or phosphosilicate glass (PSG)/
reox, and may have a thickness of about 10-12 KA. In an
example, a via 314 may be placed in the gate-dielectric layer
312 to connect the semiconductive polysilicon layer 308 to
the conductive metal layer 310.

[0033] Accordingly, the semiconductive polysilicon layer
308, the conductive metal layer 310 and the via 314 together
make the floating gate 306 of the EPROM cell 300. The
floating gate 306 of the EPROM cell 300 is capacitively
coupled to a control gate 316 of the EPROM cell 300
through a second dielectric layer 318 disposed between the
floating gate 306 and the control gate 316.

[0034] The second dielectric layer 318 may be provided
atop the conductive metal layer 310 to couple the floating
gate 306 to the control gate 316. In an example, the control
gate 316 is formed in a metal layer 320 of the EPROM cell
300. In one example, the control gate 316 may include
TaAl/AlCu or Ta/Au, and may have a thickness of about 4-5
KA. Further, the second dielectric layer 318 may include, for
instance, Tetraethyl orthosilicate (TEOS)/silicon nitride
(SIN) or SIN/silicon carbide (SiC) and may have a thickness
of about 3-5 KA in one example.

[0035] In accordance with in an example implementation
of the present subject matter, the EPROM cell 300 further
includes a conductive gate 322. As mentioned previously,
the conductive gate 322 is electrically connected to the
floating gate 306, such that the conductive gate 322 leaks
charges from the floating gate 306 in a predetermined leak
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time period. In some example implementations, a metal via
324 may be provided in the second dielectric layer 318 to
couple the conductive gate 322 to the floating gate 306. The
metal via 324 may be understood as a metal stud that may
be placed between two layers of an integrated circuit to
provide electrical connectivity.

[0036] Further, in one example implementation, the con-
ductive gate 322 is provided in the metal layer 320 of the
EPROM cell 300 that includes the control gate 316. The
conductive gate 322 and the control gate 316 are formed in
the common metal layer 320 such that the conductive gate
322 and the control gate 316 are electrically isolated from
each other. It will be understood that, alike the control gate
316, the conductive gate 322, too, may be made of TaAl/
AlCu or Ta/Au, and may have a thickness of about 4-5 KA.
[0037] Additionally, in some example implementations,
the EPROM cell 300 comprises a barrier layer (not shown in
figure) disposed atop the common metal layer 320. The
barrier layer may be made of a polymer material, such as
175000 and SUS, in one example. In an example, the barrier
layer may comprise one or more chambers to expose a
surface of the conductive gate 322. Accordingly, in some
example implementations of the EPROM cell 300, the
conductive gate 322 may have an exposed surface that may
not be covered by any layer, for example. The exposed
surface of the conductive gate 322 dissipates the electrons
from the floating gate 306.

[0038] In operation, a high voltage bias, i.e., a program-
ming voltage V,,, applied across the drain junction and the
control gate 316 generates energetic electrons, and a positive
bias between the drain junction and the control gate 316 may
pull some of the generated electrons into the floating gate
306. Depending on the configuration of the integrated cir-
cuit, in one example, the programming voltage V,,, may be
in the range of 12-20V. As more and more electrons are
pulled onto the floating gate 306, the voltage to cause the
floating gate 306 to conduct current increases, and eventu-
ally the voltage may become more than, say, an operating
voltage of the EPROM cell 300. This causes the floating gate
306 to block current and store the applied charge, i.e., free
electrons.

[0039] The electrons may ordinarily remain trapped in the
floating gate 306 until the EPROM cell 300 is further
reprogrammed. However, in accordance with one example
implementation of the present subject matter, the floating
gate 306 is connected to the conductive gate 322, having the
exposed surface, through the metal via 324. The conductive
gate 322 leaks the electrons from the floating gate 306 in the
predetermined leak time period through the exposed surface.
[0040] Since the exposed surface of the conductive gate
322 leaks the charges that may be stored in the floating gate
306, the predetermined leak time period is based on the
surface area of the exposed surface. In an example, the
predetermined leak time period is in the range of few
microseconds to few tens of minutes and the surface area
corresponding to the predetermined leak time period may be
left exposed in the conductive gate 322.

[0041] The various layers depicted in the figure corre-
spond to the EPROM cell 300 that is dischargeable, accord-
ing to an example of the present subject matter. Other
EPROM cells, that retain the charge after programming,
may also be present in the integrated circuit. In an example,
the EPROM cells that retain the charge can be implemented
in a similar manner by excluding the conductive gate 322
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that provides the electron leakage path from EPROM cells.
To describe in context of the illustrated implementation, an
EPROM cell that is not dischargeable may not include the
metal via 324 and conductive gate 322.

[0042] Referring to the schematic view of the EPROM
300 shown in FIG. 34, the control gate 316 is capacitively
coupled to the floating gate 306 comprising the semicon-
ductive polysilicon layer 308 and the conductive metal layer
310 that are electrically connected to each other. The pro-
gramming voltage V,, applied at the control gate 316, causes
electrons to move into the floating gate 306. The metal via
324 connected to the conductive metal layer 310 of the
floating gate 306 carries the electron away from the floating
gate 306 to the conductive gate 322 from the where the
electrons are leaked out, for example, into the atmosphere.
Thus, although the EPROM cell 300 is programmed, it may
not retain the charge alike other EPROM cells of the
integrated circuit.

[0043] Accordingly in an example implementation, an
integrated circuit may include one or more dischargeable
EPROM cells at certain locations, while the same may be
absent at other locations. The discharging of the one or more
dischargeable EPROM cells may cause a change in date
written onto the integrated circuit. In one example imple-
mentation, the change in the data may be determined based
on the predetermined locations of such EPROM cells. Fur-
ther, the change in data, in one example, may in turn provide
for product identification as explained earlier.

[0044] Although implementations for integrated circuits
and dischargeable EPROM cells have been described in
language specific to structural features and/or methods, it
would be understood that the appended claims are not
necessarily limited to the specific features or methods
described. Rather, the specific features and methods are
disclosed as example implementations for integrated cir-
cuits.

We claim:

1. A dischargeable clectrical programmable read only
memory (EPROM) cell comprising:

a semiconductor substrate;

a floating gate separated from the semiconductor substrate

by a first dielectric layer;

a control gate capacitively coupled to the floating gate
through a second dielectric layer disposed between the
floating gate and the control gate; and

a conductive gate connected to the floating gate, wherein
the conductive gate is to leak charges from the floating
gate in a predetermined leak time period.

2. The dischargeable EPROM cell as claimed in claim 1,
wherein the conductive gate comprises an exposed surface
to leak the charges through the exposed surface.

3. The dischargeable EPROM cell as claimed in claim 2,
wherein the predetermined leak time period is based on a
surface area of the exposed surface of the conductive gate.

4. The dischargeable EPROM cell as claimed in claim 1,
wherein the conductive gate is connected to the floating gate
through a metal via placed in the second dielectric layer.

5. The dischargeable EPROM cell as claimed in claim 1,
wherein the floating gate comprises a semiconductive poly-
silicon layer and a conductive metal layer electrically con-
nected to each other.
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6. The dischargeable EPROM cell as claimed in claim 5,
further comprising a via to connect the semiconductive
polysilicon layer and the conductive metal layer.

7. The dischargeable EPROM cell as claimed in claim 1,
wherein the control gate and the conductive gate are formed
in a common metal layer electrically isolated from each
other.

8. An integrated circuit comprising:

an electrical programmable read only memory (EPROM)

array having a plurality of EPROM cells disposed in

rows and columns, wherein an EPROM cell at a

predetermined position in the EPROM array is dis-

chargeable, the EPROM cell comprising:

a floating gate, wherein the floating gate is to store
electrons upon the EPROM cell being programmed;
and

a conductive gate, comprising an exposed surface,
electrically connected to the floating gate, wherein
the conductive gate is to leak the electrons from the
floating gate, through the exposed surface, in a
predetermined leak time period.

9. The integrated circuit as claimed in claim 8, wherein
the EPROM cell comprises:

a semiconductor substrate, having a source junction and a

drain junction;

the floating gate, separated from the semiconductor sub-

strate by a first dielectric layer;

an control gate, capacitively coupled to the floating gate

through a second dielectric layer disposed between the

floating gate and the control gate, such that a program-
ming voltage applied to the control gate, to program the

EPROM transistor, is to cause the electrons from the

semiconductor substrate to move into the floating gate;

and

a metal via, located in the second dielectric layer, to

conduct the electrons from the floating gate to the

conductive gate to leak the electrons.

10. The integrated circuit as claimed in claim 9, wherein
the control gate and the conductive gate are formed in a
common metal layer electrically isolated from each other.

11. The integrated circuit as claimed in claim 10 com-
prising a barrier layer atop the common metal layer, wherein
the barrier layer comprises one or more chambers to expose
a surface of the conductive gate.

12. The integrated circuit as claimed in claim 8, wherein
the floating gate comprises a semiconductive polysilicon
layer and a conductive metal layer electrically connected to
each other.

13. The integrated circuit as claimed in claim 12, wherein
a via connects the semiconductive polysilicon layer and the
conductive metal layer.

14. The integrated circuit as claimed in claim 8, wherein
the predetermined leak time period is based on a surface area
of an exposed surface of the conductive gate.

15. The integrated circuit as claimed in claim 8, wherein
the predetermined leak time period is in the range of few
microseconds to few tens of minutes.
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