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CIRCUIT THAT SELECTS EPROMS INDIVIDUALLY AND IN PARALLEL

Background
In inkjet printheads, fuse technology has been used in N-channel metal-

oxide semiconductor (NMOS) chips. In these NMOS chips, fuses are
selectively burned to program a bit. However, fuse technology and
programming fuses in this way has drawbacks. Fuses are relatively large and
fuses can be unreliable. Also, burning fuses can damage the orifice layer of the
inkjet during programming and after a fuse burns out metal debris from the fuse
can be drawn into the ink and cause blockage in the inkjet pen, resulting in poor
quality printing.

In recent years, erasable programmable read-only memory (EPROM)
devices have been developed. These EPROM devices include a conductive
grid of rows and columns, without fuses. Instead, a memory cell is located at
each row/column intersection. Each memory cell includes a transistor structure
and two gates that are separated from each other by a thin dielectric layer. One
of the gates is a floating gate and the other ié a control gate or input gate. In an
un-programmed memory cell, the floating gate has no charge, which causes the
threshold voltage to be low. In a programmed memory cell, the floating gate is
charged with electrons and the threshold voltage is higher. To program a
memory cell, a programming voltage (e.g., 10 to 16 volts) is applied to the
control gate and drain. This programming voltage draws excited electrons to
the floating gate, thereby increasing the threshold voltage. A memory cell
having a lower threshold voltage is one logic value and a memory cell having a

higher threshold voltage is the other logic value.
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Brief Description of the Drawings

Figure 1 is a diagram illustrating one example of an EPROM cell.

Figure 2 is a diagram illustrating one example of the layers in an EPROM
chip.

Figure 3 is a diagram illustrating one example of an EPROM cell that
uses the layers of the EPROM chip of Figure 2.

Figure 4 is a diagram illustrating one example of a system that includes
an EPROM memory and an associated circuit.

Figure 5 is a diagram illustrating one example of an EPROM bit in an
EPROM memory. .

Figure 6 is a top-view diagram illustrating one example of an EPROM cell
that has a channel width W.

Figure 7 is diagram illustrating one example of an EPROM bit in an
EPROM memory.

Figure 8 is a flow chart diagram illustrating one exémple of multilevel
EPROM encoding for an EPROM bit in an EPROM memory.

Figure 9 is a diagram illustrating one example of an inkjet printing system

that includes the system of figure 4.

Detailed Description

In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way
of illustration specific embodiments in which the invention may be practiced. In
this regard, directional terminology, such as “top,” “bottom,” “front,” “back,”
“leading,” “trailing,” etc., is used with reference to the orientation of the Figure(s)
being described. Because components of embodiments can be positioned in a
number of different orientations, the directional terminology is used for purposes
of illustration and is in no way limiting. It is to be understood that other |
embodiments may be utilized and structural or logical changes may be made
without departing from the scope of the present invention. The following
detailed description, therefore, is not to be taken in a limiting sense, and the

scope of the present invention is defined by the appended claims. It is to be
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3
understood that features of the various embodiments described herein may be
combined with each other unless specifically noted otherwise.

EPROM can be used in inkjet printheads to store identification (ID)
information. As smart features are added to printers and as security
requirements increase, more EPROM cells are needed to store the related
information. This ID information may include product type, serial number, ink
drop weight, and customer loyalty/authentication information. However,
increasing the number of EPROM cells on a printhead integrated circuit die,
either reduces the amount of real estate available on the printhead die for other
functions or it leads to increasing the size of the printhead die or both, which
increases the cost of the printhead. For these and other reasons there is a
need for the invention described herein.

Figure 1 is a diagram illustrating one example of an EPROM cell 20 that
does not include a fuse and provides a number of advantages over a fused bit.
EPROM cells, such as EPROM cell 20, can be used to eliminate fuses in
systems, such as inkjet printhead systems.

EPROM cell 20 includes a semiconductor substrate 22 having a source
24, a drain 26, and a channel 28, where channel 28 is situated between source
24 and drain 26. A floating gate 30 is situated over channel 28 and an input
gate 32, also referred to as control gate 32, is situated over floating gate 30.
Source 24 includes an N+ doped region and drain 26 includes an N+ doped
region. Channel 28 is a p doped region situated between the N+ doped regions
of source 24 and drain 26.

Control gate 32 is capacitively coupled to floating gate 30 via a dielectric
material 34 that is situated between control gate 32 and floating gate 30. A
voltage at control gate 32 is coupled to floating gate 30. Another layer of
dielectric material 36 is disposed between floating gate 30 and substrate 22
over channel 28.

To program EPROM cell 20, a high voltage bias is applied to drain 26.
This high voltage bias on drain 26 generates energetic “hot” carriers or
electrons. A positive voltage bias between control gate 32 and drain 26 pulls

some of these hot electrons onto floating gate 30. As electrons are pulled onto
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4
floating gate 30, the threshold voltage of EPROM cell 20, i.e., the voltage
required to cause channel 28 to conduct current, increases. If enough electrons
are pulled onto floating gate 30, the threshold voltage increases to a level above
a specified threshold voltage and EPROM cell 20 substantially blocks current at
the specified threshold voltage level, which changes the logic state of EPROM
cell 20 from one logic value to the other logic value. Thus, EPROM cell 20 is
programmed via hot carrier injection onto ﬂdating gate 30. In normal operation,
a sensor‘(not shown) is used to detect the state of EPROM cell 20. ‘

Figure 2 is a diagram illustrating .one example of the layers in an EPROM
chip 70. In one example, EPROM chip 70 includes EPROM cells such as
EPROM cell 20 of Figure 1. In one example, EPROM chip 70 is used in an
inkjet printhead. In one example, EPROM chip 70 is an inkjet control chip
inclqding EPROM. In one example, EPROM chip 70 is an inkjet printhead die
including EPROM. |

EPROM chip 70 includes a semiconductor substrate 72, an oxide layer
74, a polysilicon layer 76, a first dielectric layer 78, a metal 1 layer 80, a second
dielectric layer 82, and a metal 2 layer 84. Oxide layer 74 is disposed on
substrate 72 between substrate 72 and polysilicon layer 76. First dielectric layer
78 is disposed on polysilicon layer 76 between polysilicon layer 76 and metal 1
layer 80. Second dielectric layer 82 is disposed on metal 1 layer 80 and
separates metal 1 layer 80 from metal 2 layer 84. Metal 1 layer 80 and metal 2
layer 84 provide addressing lines, such as row lines and column lines, and other
connections in EPROM chip 70. In one example, oxide layer 74 is silicon
dioxide (SiO2). In one example, second dielectric layer 82 includes silicon
nitride. In one example, second dielectric layer 82 includes silicon carbide. In
one example, second dielectric layer 82 includes silicon nitride and silicon
carbide.

Figure 3 is a diagram illustrating one example of an EPROM cell 90 that
uses the layers of EPROM chip 70 of Figure 2. In one example, EPROM cell 20
of Figure 1 is similar to EPROM cell 90. In one example, EPROM cell 90 is
used in an inkjet printhead system. In one example, EPROM cell 90 is used in
an inkjet control chip. In one example, EPROM cell 90 is used in an inkjet
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5
printhead die. In other examples, EPROM cell 90 is created using the layers of
a different process.

EPROM cell 90 includes substrate 72 that has N+ source regions 92 and
94, an N+ drain region 96, and a p channel 98 that includes p channel regions
98a and 98b. Drain region 96 includes a top surface 100, a bottom 102, and
sides 104 between top surface 100 and bottom 102. Channel 98, including
channel regions 98a and 98b, surrounds drain region 96 around the sides 104
of drain region 96. Channel 98 is situated between source region 92 and drain
region 96 and between source region 94 and drain region 96. In one example,
source regions 92 and 94 are connected and part of one continuous source
region that surrounds channel 98.

Channel 98 includes a closed curve structure around drain region 96,
where a curve is defined as an object similar to a line, but not required to be
straight, which entails that a line is a special case of a curve, namely a curve
with null curvature. Also, a closed curve is defined as a curve that joins up and
has no endpoints. In one example, channel 98 includes a rounded closed curve
structure around drain region 96, where a rounded closed curve is a closed
curve that has at least one rounded or arched corner or no corners, such that it
does not have sharp or angled corners. In one example, channel 98, including
channel regions 98a and 98b, is a rectangular shaped channel around drain
region 96. In one example, channel 98, including channel regions 98a and 98b,
is an elliptically shaped channel around drain region 96. In one example,
channel 98, including channel regions 98a and 98b, is a circular shaped
channel around drain region 96. In one example, channel 98, including channel
regions 98a and 98b, has multiple straight sides and at least one rounded
corner to form a rounded closed curve channel around drain region 96. In one
example, channel 98, including channel regions 98a and 98b, has at least one
rounded exterior corner to form a rounded closed curve channel around drain
region 96. In one example, channel 98, including channel regions 98a and 98b,
has at least one rounded exterior corner and at least one rectangular interior

corner to form a rounded closed curve channel around drain region 96.
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Rounded closed curve structures increase the uniformity of the length of
the channel throughout the width of the channel, relative to a rectangular
channel. Increasing the uniformity of the length of the channel, increases the
uniformity of the generation of hot carriers and improves programming efficiency
of the EPROM cell. One example channel includes a substantially uniform
channel length throughout the width of the channel.

EPROM cell 90 includes capacitive coupling between metal 1 layer 80
and metal 2 layer 84, where metal 1 layer 80 and metal 2 layer 84 form parallel
opposing capacitor plates 106 and 108. One capacitor plate 106 is formed in
metal 1 layer 80 and the other capacitor plate 108 is formed in metal 2 layer 84.
The capacitor plate 108 formed in metal 2 layer 84 is the control gate 108 of
EPROM cell 90. The input voltage Vin is applied to control gate 108 and

~ capacitively coupled to the capacitor plate 106. In one example, control gate

108 is similar to control gate 32 (shown in Figure 1).

A parallel floating gate 110 is formed in polysilicon layer 76, where
floating gate 110 includes polysilicon floating gate regions 76a and 76b situated
over channel regions 98a and 98b, respectively. Floating gate 100, including
floating gate regions 76a and 76b, forms a closed curve floating gate, such‘that
floating gate 110 and channel 98 include closed curve structures. In one
example, floating gate 110, including floating gate regions 76a and 76b, is the
same shape as channel 98, including channel regions 98a and 98b.

A break or hole in dielectric layer 78 allows capacitor plate 106 in metal 1
layer 80 to be electrically coupled to floating gate 110, including floating gate
regions 76a and 76b. Floating gate 110 is separated from substrate 72 by
dielectric layer 74. In one example, dielectric layer 74 is a silicon dioxide layer
between channel 98 and floating gate 110.

Floating gate 110, including floating gate regions 76a and 76b, includes a
closed curve structure, where a curve is defined as an object similar to a line,
but not required to be straight, which entails that a line is a special case ofa
curve, namely a curve with null curvature. Also, a closed curve is defined as a
curve that joins up and has no endpoints. In one example, floating gate 110,
including floating gate regions 76a and 76b, includes a rounded closed curve
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structure, where a rounded closed curve is a closed curve that has at least one
rounded or arched corner or no corners, such that it does not have sharp or
angled corners. In one example, floating gate 110 is a rectangular shaped
floating gate. In one example, floating gate 110 is an elliptically shaped floating
gate. In one example, floating gate 110 is a circular shaped floating gate. In
one example, floating gate 110 has multiple straight sides and at least one
rounded corner to form a rounded closed curve floating gate. In one example,
floating gate 110 has at least one rounded exterior corner to form a rounded
closed curve floating gate. In one example, floating gate 110 has at least one
rounded exterior corner and at least one rectangular interior corner to form a
rounded closed curve floating gate.

Rounded closed curve structures increase the uniformity of the length of
the floating gate throughout the width of the floating gate, relative to a
rectangular floating gate. Increasing the uniformity of the Iengfh of the floating
gate, increases the uniformity of the generation of hot carriers and improves
programming efficiency of the EPROM cell. One example floating gate includes
a substantially uniform floating gate length throughout the width of the floating
gate.

To program EPROM cell 90, a high input voltage pulse is applied to
control gate 108 and drain region 96, across drain region 96 to source regions
92 and 94. This generates energetic “hot” carriers or electrons. A positive
voltage bias between control gate 108 and drain region 96 pulls some of these
hot electrons onto floating gate 110. As electrons are pulled onto floating gate
110, the threshold voltage of EPROM cell 90, i.e., the voltage required to cause
channel 98 to conduct current, increases. If enough electrons are pulled onto
floating gate 110, the threshold voltage increases to a level above a specified
threshold voltage and EPROM cell 90 substantially blocks current at a specified
threshold voltage level, which changes the logic state of EPROM cell 90 from
one logic value to the other logic value. Thus, EPROM cell 90 is programmed
via hot carrier injection onto floating gate 110.

To read or sense the state of EPROM cell 90, the threshold voltage is

detected and/or the on resistance is measured using a sensor (not shown).
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8
Reading or sensing the state of EPROM cell 90 can be done by setting the
gate/drain voltage and measuring the corresponding current or by setting the
current and measuring the.voltage. The measured on resistance of EPROM cell
90 changes by a factor of about 2 from an un-programmed state to a
programmed state. ,

Figure 4 is a diagram illustrating one example of a system 120 including
an EPROM memory 122 and an associated circuit 124. EPROM memory 122 is
communicatively coupled to circuit 124 via memory path 126. In one example,
EPROM memory 122 is electrically coupled to circuit 124 via memory path 126.
In one example, system 120 is part of an inkjet printhead system. In one
example, system 120 is part of an inkjet control chip. In one example, system
120 is part of an inkjet printhead die.

EPROM memory 122 includes EPROM cells that can be selected and
programmed individually and selected and read individually and in parallel
combinations of the EPROM cells. In one example, each of the EPROM cells
stores one of an un-programmed state and a programmed state. In one
example, EPROM memory 122 includes EPROM cells similar to EPROM cell 20
of Figure 1. In one example, EPROM memory 122 includes EPROM cells
similar to EPROM cell 90 of Figure 3. In one example, EPROM memory 122
includes a type of EPROM cell manufactured using the layers of EPROM chip
70 of Figure 2, where one transistor is an EPROM transistor and another
transistor operates as the control gate for the EPROM transistor. In one
example, EPROM memory 122 includes a type of EPROM cell manufactured
using another process and different layers than those of EPROM chip 70 of
Figure 2. v

Circuit 124 selects EPROM celis in EPROM memory 122 individually or
in parallel combinations of EPROM cells to program and read the EPROM cells
via memory path 126. Circuit 124 includes a programming circuit 128, a
measurement circuit 130, and a voltage supply 132. To program an EPROM
cell in EPROM memory 122, circuit 124 selects one of the EPROM cells and
programming circuit 128 controls voltage supply 132 to provide a programming
voltage to the selected EPROM cell. To read EPROM memory 122, circuit 124
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9
selects one of the EPROM cells individually or a parallel combination of EPROM
cells and measurement circuit 130 controls voltage supply 132 to measure the
on resistance of the selected EPROM cell or the selected parallel combination
of EPROM cells. Circuit 124 assigns a corresponding state to the measured
resistance value.

Figure 5 is a diagram illustrating one example of an EPROM bit 140 in
EPROM memory 122. EPROM bit 140 includes a first EPROM 142 and a
second EPROM 144. Each of the first EPROM 142 and the second EPROM
144 has an un-programmed state and a programmed state, where each state of
the first EPROM 142 and the second EPROM 144 has a different on resistance
value than the other three states. Circuit 124 (shown in Figure 4) selects first:
EPROM 142 and second EPROM 144 individually or in parallel to program and
read up to eight different states from EPROM bit 140. In one aspect, EPROM
bit 140 is a multiple level (multilevel) EPROM bit 140. In another example, each
of the first EPROM 142 and the second EPROM 144 has more than two states,
where each state of the first EPROM 142 and the second EPROM 144 has a -
different on resistance value than the other states of the first EPROM 142 and
the second EPROM 144 and circuit 124 selects first EPROM 142 and second
EPROM 144 individually or in parallel to program and read up to greater than
eight states from EPROM bit 140. In other examples, EPROM bit 140 includes
more than two EPROMSs, where each state of the more than two EPROMs has.a -
different on resistance value than the other states of the more than two
EPROMs and circuit 124 selects the more than two EPROMs individually or in
parallel to program and read up to greater than eight different states from
EPROM bit 140.

EPROM bit 140 includes a first resistor 146, a second resistor 148, first

| EPROM 142, second EPROM 144, a first select transistor 150, a second select

transistor 152, and a bit address transistor 154. One end of first resistor 146 is
electrically coupled to voltage supply 132 via voltage supply path 156 and the
other end of first resistor 146 is electrically coupled to the drain of first EPROM
142. The gate of first EPROM 142 is electrically coupled to voltage supply 132
via voltage supply path 156 and the source of first EPROM 142 is electrically
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coupled to the drain of first select transistor 150. The source of first select
transistor 150 is electrically coupled to the drain of bit address transistor 154 via
drain path 158. The source of bit address transistor 154 is electrically coupled
to a reference, such as ground, at 160. One end of second resistor 148 is
electrically coupled to voltage supply 132 via voltage supply path 156 and the
other end of second resistor 148 is electrically coupled to the drain of second
EPROM 144. The gate of second EPROM 144 is electrically coupled to voltage
supply 132 via voltage supply path 156 and the source of second EPROM 144
is electrically coupled to the drain of second select transistor 152. The source of
second select transistor 152 is electrically coupled to the drain of bit address
transistor 154 via drain path 158.

Each of the first EPROM’ 142 and the second EPROM 144 has an un-
programmed state and a programmed state and each state of the first EPROM
142 and the second EPROM 144 has a different on resistance than the other
three states of the first EPROM 142 and the second EPROM 144. First EPROM
142 has a first un-programmed resistance and a first programmed resistance
and second EPROM 144 has a second un-programmed resistance and a .
second programmed resistance, where each resistance of the first un-
programmed resistance, the first programmed resistance, the second un-
programmed resistance, and the second programmed resistance is a different
resistance value than each of the other three resistances. In one example, first
EPROM 142 has a first channel width and second EPROM 144 has a second
channel width that is different than the first channel width to provide the different
resistance values. In one example, first EPROM 142 is a first type of EPROM
and second EPROM 144 is a second type of EPROM fo provide the different
resistance values, where different types of EPROMSs include EPROM cell 90 of
Figure 3, an EPROM manufactured using the layers of EPROM chip 70 of
Figure 2 where one transistor is an EPROM transistor and another transistor
operates as the control gate for the EPROM transistor, and an EPROM
manufactured using another process and different layers than those of EPROM
chip 70 of Figure 2.
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Circuit 124 (shown in Figure 4) selects first EPROM 142 and second
EPROM 144 individually or in parallel to program and read the states of EPROM
bit 140. To select only first EPROM 142, circuit 124 simultaneously provides a
high select signal SELA at 162, a low select signal SELB at 164, and a high bit
address signal BIT_ADDR at 166. To select only second EPROM 144, circuit
124 simultaneously provides a low select signal SELA at 162, a high select
signal SELB at 164, and a high bit address signal BIT_ADDR at 166. To select
the parallel combination of the first EPROM 142 and the second EPROM 144,
circuit 124 simultaneously provides a high select signal SELA at 162, a high
select signal SELB at 164, and a high bit address signal BIT_ADDR at 166. In
one example, circuit 124 combines row and column addresses to provide bit
address signal BIT_ADDR at 166.

Circuit 124 programs first EPROM 142 and second EPROM 144
individually. To program first EPROM 142, circuit 124 selects only first EPROM
142 and programming circuit 128 controls voltage supply 132 to proVide a
programming voltage V at 156 to first EPROM 142. Current flows through first
resistor 146, first EPROM 142, first select transistor 150, and bit address
transistor 154 to the reference at 160. To program second EPROM 144, circuit
124 selects only second EPROM 144 and programming circuit 128 controls
voltage supply 132 to provide a programming voltage V at 156 to second
EPROM 144. Current flows through second resistor 148, second EPROM 144,
second select transistor 152, and bit address transistor 154 to the reference at
160. Bit address transistor 154 conducts current from each of the first EPROM
142 and the second EPROM 144 via drain path 158. In other examples, circuit
124 can program first EPROM 142 and second EPROM 144 in parallel.

Circuit 124 reads EPROM bit 140 by selecting and reading first EPROM
142 and second EPROM 144 individually or in parallel. Circuit 124 selects one
of the first EPROM 142, the second EPROM 144, and the parallel combination
of the first EPROM 142 and the second EPROM 144, and measurement circuit
130 controls voltage supply 132 to provide voltage V at 156. Measurement
circuit 130 measures the on resistance through the selected one of the first
EPROM, the second EPROM, and the parallel combination of the first EPROM
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and the second EPROM. Circuit 124 assigns a corresponding state to the
measured resistance value.
EPROM bit 140 stores up to eight different states using first EPROM 142
and second EPROM 144, as shown in TABLE |.

5 TABLE |
FIRST SECOND MEASURED STATE RESISTANCE
EPROM EPROM RESISTANCE VALUES (Ohms)
Ra X Ra only 0 3K
Ra’ X Ra' only 1 6 K
X Rb Rb only 2 45K
X , Rb' Rb' only 3 8K
Ra Rb Ra//Rb 4 1.8K
Ra Rb' Ral//Rb' 5 2181.8
Ra' Rb Ra'//Rb 6 2571.4
Ra' Rb' Ra'//Rb' 7 3428.6

In operation, circuit 124 sets first EPROM 142 to one of a first un-
programmed resistance Ra and a first programmed resistance Ra’ and second
EPROM 144 to one of a second un-programmed resistance Rb and a second

10 programmed resistance Rb’, where each resistance of the first un-programmed
resistance Ra, the first programmed resistance Ra’, the second un-programmed
resistance Rb, and the second programmed resistance Rb’ is different than
each of the other three resistances.

States 0 and 1 are provided by only first EPROM 142. For state O, first

15 EPROM 142 is set to the first un-programmed resistance Ra and second
EPROM 144 is set to either second un-programmed resistance Rb or second
programmed resistance Rb’. For state 1, first EPROM 142 is set to the first
programmed resistance Ra’ and second EPROM 144 is set to either second un-
programrhed resistance Rb or second programmed resistance Rb’.

20 States 2 and 3 are provided by only second EPROM 144. For state 2,
second EPROM 144 is set to second un-programmed resistance Rb and first

EPROM 142 is set to either first un-programmed resistance Ra or first
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programmed resistance Ra’. For state 3, second EPROM 144 is set to second
programmed resistance Rb’ and first EPROM 142 is set to either first un-
programmed resistance Ra or first programmed resistance Ra'.

States 4 through 7 are provided by the parallel combination of first
EPROM 142 and second EPROM 144. For state 4, first EPROM 142 is set o
first un-programmed resistance Ra and second EPROM 144 is set to second
un-programmed resistance Rb. For state 5, first EPROM 142 is set to first un-
programmed resistance Ra and second EPROM 144 is set to second
programmed resistance Rb’. For state 6, first EPROM 142 is set to first
programmed resistance Ra’ and second EPROM 144 is set to second un-
programmed resistance Rb. For state 7, first EPROM 142 is set to first
programmed resistahce Ra’ and second EPROM 144 is set to second
programmed resistance Rb’.

To read only first EPROM 142 for states 0 and 1, circuit 124 selects only
first EPROM 142 and measurement circuit 130 controls voltage supply 132 to
provide voltage V to EPROM bit 140. Current flows through first resistor 146,
first EPROM 142, first select transistor 150, and bit address transistor 154 to the
reference at 160. Measurement circuit 130 measures the on resistance through
first EPROM 142. The measured on resistance corresponds to one of the
states of 0 and 1. The resistance values of states 0 and 1 depend on design
and process variations. In the example illustrated in TABLE |, state 0 is 3000
Ohms and state 1 is 6000 Ohms. In other examples, states 0 and 1 are
different resistance values.

To read only second EPROM 144 for states 2 and 3, circuit 124 selects
only second EPROM 144 and measurement circuit 130 controls voltage supply
132 to provide voltage V to EPROM bit 140. Current flows through second
resistor 148, second EPROM 144, second select transistor 152, and bit address
transistor 154 to the reference at 160. Measurement circuit 130 measures the
on resistance through second EPROM 144. The measured on resistance
corresponds to one of the states of 2 and 3. The resistance values of states 2

and 3 depend on design and process variations. In the example illustrated in
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TABLE I, state 2 is 4500 Ohms and state 3 is 8000 Ohms. In other examples,
states 2 and 3 are different resistance values.

To read the parallel combination of the first EPROM and the second
EPROM, circuit 124 selects the parallel combination of the first EPROM 142 and
the second EPROM 144 and measurement circuit 130 controls voltage supply
132 to provide voltage V to EPROM bit 140. Current flows through first resistor
146, first EPROM 142, first select transistor 150, and bit address transistor 154
to the reference at 160 and current flows through second resistor 148, second
EPROM 144, second select transistor 152, and bit address transistor 154 to the
reference at 160. The measured on resistance corresponds to one of the states
of 4 through 7. The resistance values of states 4 through 7 depend on design
and process variations. In the example illustrated in TABLE |, state 4 is 1800
Ohmes, state 5 is 2181.8 Ohms, state 6 is 2571.4 Ohms, and state 7 is 3428.6
Ohms. In other examples, states 4 through 7 are different resistance values.

To read the different states of EPROM bit 140, a user has to know or -

- obtain information that indicates whether to select only first EPROM 142 or only

second EPROM 144 or the parallel combination of first EPROM 142 and second
EPROM 144. This information is referred to as a coding scheme. In one
example, at least part of the coding scheme is fixed and known by the user,
such that each bit in a fixed portion of EPROM memory 122 is read by selecting
only the first EPROM or only the second EPROM or only the parallel
combinations of the EPROMs. In one example, at least part of the coding |
scheme is stored in another EPROM memory or in another integrated circuit die.
In one example, at least part of the coding scheme is stored on a central server
that may be accessed over the internet. In one example, at least part of the
coding scheme is stored in EPROM memory 122, such as in a select only the
parallel combination portion of EPROM memory 122.

Figure 6 is a top-view diagram illustrating one example of an EPROM cell
180 that has a channel width W and a drain to source on resistance that is
inversely proportional to the channel width W and inversely proportional to the
channel width W divided by the channel length Lc. In EPROM cell 180, a longer

channel width W provides a smaller on resistance, and a shorter channel width
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W provides a larger on resistance, all else equal. Also, in EPROM cell 180, the
relationship between the drain to source on resistance and channel width W is
non-linear.

EPROM cell 180 includes a floating gate 182 having multiple straight
sides 182a-182d and rounded corners 182e-182h, and a channel 184 having
multiple straight sides 184a-184d and rounded corners 184e-184h. Channel
184 is situated under floating gate 182 and indicated by dotted lines. Also,
some of the layers of EPROM cell 180, such as metal layers, are not shown for
clarity. EPROM cell 180 is similar to EPROM cell 90 of Figure 3. In one
example, a cross-section of EPROM cell 180 taken along the line A-A is similar
to the cross-section of EPROM cell 90 of Figure 3.

EPROM cell 180 includes floating gate 182, channel 184, a drain 186,
and a source 188. Channel 184 is situated under floating gate 182. Channel
184 surrounds drain 186 and is situated between drain 186 and source 188.
Source 188 surrounds channel 184. In one example, floating gate 182 is
polysilicon, channel 184 is a p channel region, drain 186 is an N+ region, and
source 188 is an N+ region.

Floating gate 182 has four straight sides 182a-182d and four rounded
corners 182e-182h. Floating gate 182 includes a rounded closed curve
structure having rounded corners 182e-182h, such that it does not have sharp
or angled corners. Floating gate 182 has a floating gate length Lfg that is the
distance from the exterior side 190 of floating gate 182 to the interior side 192 of
floating gate 182. The width W of floating gate 182 is the distance around
floating gate 182 measured at the midpoint of the floating gate length Lfg. In '
other examples, floating gate 182 can have a different number of straight sides,
such as two or three straight sides or more than four straight sides, and a
different number of rounded corners, such as two or three rounded corners or
more than four rounded corners.

Channel 184 has four straight sides 184a-184d and four rounded corners
184e-184h. Channel 184 includes a rounded closed curve structure having
rounded corners 184e-184h, such that it does not have sharp or angled corners.
Channel 184 has a channel length Lc that is the distance from the exterior side
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194 of channel 184 to the interior side 196 of channel 184. The width W of
channel 184 is the distance around channel 184 measured at the midpoint of
the channel length Lc. In other examples, channel 184 can have a different
number of straight sides, such as two or three straight sides or more than four
straight sides, and a different number of rounded corners, such as two or three
rounded corners or more than four rounded corners.

In one example, first EPROM 142 is similar to EPROM cell 180 and has a
channel width W1 and second EPROM 144 is similar to EPROM cell 180 and
has a channel width W2, where channel width W1 is longer than channel width
W2 and the on resistance of first EPROM 142 is smaller than the on resistance
of second EPROM 144. In one example, first EPROM 142 is similar to EPROM
cell 180 and has a channel width W1 and second EPROM 144 is similar to
EPROM cell 180 and has a channel width W2, where channel width W1 is
longer than channel width W2 and first EPROM 142 has an un-programmed on
resistance of 3000 Ohms and a programmed on resistance of 6000 Ohms and
second EPROM 144 has an un-programmed on resistance of 4500 Ohms and a
programmed on resistance of 8000 Ohms. _

In other examples, each of first EPROM 142 and second EPROM 144 is
similar to a metal oxide semiconductor field effect transistor (MOSFET) that
does not have an enclosed drain structure, where first EPROM 142 has a
channel width W1 and second EPROM 144 has a channel width W2 that is
shorter than the channel width W1 and the drain to source on resistance of each
MOSFET is inversely proportional to the channel width and inversely
proportional to the channel width divided by the channel length, such that the on
resistance of first EPROM 142 is smaller than the on resistance of second
EPROM 144.

Figure 7 is a diagram illustrating one example of an EPROM bit 200 in
EPROM memory 122 including a first EPROM 202, a second EPROM 204, and
a third EPROM 206. Each of the first EPROM 202 and the second EPROM 204
and the third EPROM 206 has an un-programmed state and a programmed
state, where each state of the first EPROM 202 and the second EPROM 204
and the third EPROM 206 has a different on resistance value than the other five
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states. Circuit 124 (shown in Figure 4) selects first EPROM 202 and second
EPROM 204 and third EPROM 206 individually or in parallel to program and
read up to twenty six different states from EPROM bit 200. In one aspect,
EPROM bit 200 is a multilevel EPROM bit 200. In another example, each of the
first EPROM 202 and the second EPROM 204 and the third EPROM 206 has
more than two states, where each state of the first EPROM 202 and the second
EPROM 204 and the third EPROM 206 has a different on resistance value than
the other states of the first EPROM 202 and the second EPROM 204 and the
third EPROM 206 and circuit 124 selects first EPROM 202 and second EPROM
204 and third EPROM 206 individually or in parallel to program and read up to
greater than twenty six states from EPROM bit 200. In other examples, EPROM
bit 200 includes more than three EPROMSs, where each state of the more than
three EPROM s has a different on resistance value than the other states of the
more than three EPROMSs and circuit 124 selects the more than three EPROMs
individually or in parallel to program and read up to greater than twenty six
different states from EPROM bit 200. -

EPROM bit 200 includes a first resistor 208, a second resistor 210, a
third resistor 212, first EPROM 202, second EPROM 204, third EPROM 206, a
first select transistor 214, a second select transistor 216, a third select transistor
218, and a bit address transistor 220. One end of first resistor 208 is electrically
coupled to voltage supply 132 via voltage supply path 222 and the other end of
first resistor 208 is electrically coupled to the drain of first EPROM 202. The
gate of first EPROM 202 is electrically coupled to voltage supply 132 via voltage
supply path 222 and the source of first EPROM 202 is electrically coupled to the
drain of first select transistor 214. The source of first select transistor 214 is
electrically coupled to the drain of bit address transistor 220 via drain path 224.
The source of bit address transistor 220 is electrically coupled to a reference,
such as ground, at 226. One end of second resistor 210 is electrically coupled
to voltage supply 132 via voltage supply path 222 and the other end of second
resistor 210 is electrically coupled to the drain of second EPROM 204. The gate
of second EPROM 204 is electrically coupled to voltage supply 132 via voltage
supply path 222 and the source of second EPROM 204 is electrically coupled to
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the drain of second select transistor 216. The source of second select transistor
216 is electrically coupled to the drain of bit address transistor 220 via drain
path 224. One end of third resistor 212 is electrically couple'd to voltage supply
132 via voltage supply path 222 and the other end of third resistor 212 is
electrically coupled to the drain of third EPROM 206. The gate of third EPROM
206 is electrically coupled to voltage supply 132 via voltage supply path 222 and
the source of third EPROM 206 is electrically coupled to the drain of third select
transistor 218. The source of third select transistor 218 is electrically coupled to
the drain of bit address transistor 220 via drain path 224.

Each of the first EPROM 202 and the second EPROM 204 and the third
EPROM 206 has an un-programmed state and a programmed state and each
state of the first EPROM 202 and the second EPROM 204 and the third EPROM
206 has a different on resistance than the other five states of the first EPROM
202 and the second EPROM 204 and the third EPROM 206. First EPROM 202
has a first un-pfogrammed resistance and a first programmed resistance and
second EPROM 204 has a second un-programmed resistance and a second
programmed resistance and third EPROM 206 has a third un-programmed |
resistance and a third programmed resistance, where each resistance of the
first un-programmed resistance, the first programmed resistance, the second
un-programmed resistance, the second programmed resistance, the third un-
programmed resistance, and the third programmed resistance is a different
resistance value than each of the other five resistances. In one example, first
EPROM 202 has a first channel width and second EPROM 204 has a second
channel width and third EPROM 206 has a third channel width, where each of
the first channel width and the second channel width and the third channel width
is different than the other two channel widths to provide the different resistance
values. In one example, at least one of the first EPROM 202 and the second
EPROM 204 and the third EPROM 206 is a first type of EPROM and at least
one of the first EPROM 202 and the second EPROM 204 and the third EPROM
206 is a second type of EPROM to provide the different resistance values,
where different types of EPROMs include EPROM cell 90 of Figure 3, an
EPROM manufactured using the layers of EPROM chip 70 of Figure 2 where
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one transistor is an EPROM transistor and another transistor operates as the
control gate for the EPROM transistor, and an EPROM manufactured using
another process and different layers than those of EPROM chip 70 of Figure 2.

Circuit 124 (shown in Figure 4) selects first EPROM 202 and second
EPROM 204 and third EPROM 206 individually or in parallel to program and
read the states of EPROM bit 200. To select only first EPROM 202, circuit 124
simultaneously provides a high select signal SELA at 228, a low select signal
SELB at 230, a low select signal SELC at 232, and a high bit address signal
BIT_ADDR at 234. To select only second EPROM 204, circuit 124
simultaneously provides a low select signal SELA at 228, a high select signal
SELB at 230, a low select signal SELC at 232, and a high bit address signal
BIT_ADDR at 234. To select only third EPROM 204, circuit 124 simultaneously
provides a low select signal SELA at 228, a low select signal SELB at 230, a
high select signal SELC at 232, and a high bit address signal BIT_ADDR at 234.
To select the parallel combination of first EPROM 202 and second EPROM 204,
circuit 124 simultaneously provides a high select signal SELA at 228, a high
select signal SELB at 230, a low select signal SELC at 232, and a high bit
address signal BIT_ADDR at 234. To select the parallel combination of first
EPROM 202 and third EPROM 206, circuit 124 simultaneously provides a high
select signal SELA at 228, a low select signal SELB at 230, a high select signal
SELC at 232, and a high bit address signal BIT_ADDR at 234. To select the
parallel combination of second EPROM 204 and third EPROM 206, circuit 124
simultaneously provides a low select signal SELA at 228, a high select signal
SELB at 230, a high select signal SELC at 232, and a high bit address signal
BIT_ADDR at 234. To select the parallel combination of first EPROM 202,
second EPROM 204, and third EPROM 2086, circuit 124 simultaneously provides
a high select signal SELA at 228, a high select signal SELB at 230, a high
select signal SELC at 232, and a high bit address signal BIT_ADDR at 234. In
one example, circuit 124 combines row and column addresses to provide bit
address signal BIT_ADDR at 234.

Circuit 124 programs first EPROM 202 and second EPROM 204 and
third EPROM 206 individually. To program first EPROM 202, circuit 124 selects
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only first EPROM 202 and programming circuit 128 controls voltage supply 132
to provide a programming voltage V at 222 to first EPROM 202. Current flows
through first resistor 208, first EPROM 202, first select transistor 214, and bit
address transistor 220 to the reference at 226. To program second EPROM
204, circuit 124 selects only second EPROM 204 and programming circuit 128
controls voltage supply' 132 to provide a programming voltage V at 222 to
second EPROM 204. Current flows through second resistor 210, second
EPROM 204, second select transistor 216, and bit address transistor 220 to the
reference at 226. To program third EPROM 206, circuit 124 selects only third
EPROM 206 and programming circuit 128 controls voltage supply 132 to
provide a programming voltage V at 222 to third EPROM 206. Current flows
through third resistor 212, third EPROM 2086, third select transistor 218, and bit
address transistor 220 to the reference at 226. Bit address transistor 220
conducts current from each of the first EPROM 202 and the second EPROM
204 and the third EPROM 206 via drain path 224. In other examples, circuit 124
can program parallel combinations of first EPROM 202 and second EPROM 204
and third EPROM 206.

Circuit 124 reads EPROM bit 200 by selecting and reading first EPROM
202 and second EPROM 204 and third EPROM 206 individually or in parallel.
Circuit 124 selects one of the first EPROM 202, the second EPROM 204, and
the third EPROM 206 or one of the parallel combinations of the first EPROM
202 and the second EPROM 204 and the third EPROM 206. Measurement
circuit 130 controls voltage supply 132 to provide voltage V at 222 and
measures the on resistance through the selected one of the first EPROM 202,
the second EPROM 204, and the third EPROM 206 or one of the parallel
combinations of the first EPROM 202 and the second EPROM 204 and the third
EPROM 206. Circuit 124 assigns a corresponding state to the measured
resistance value. EPROM bit 200 stores up to twenty six different states using
first EPROM 202 and second EPROM 204 and third EPROM 206.

To read the different states of EPROM bit 200, a user has to know or
obtain the coding scheme that indicates whether to select only first EPROM 202
or only second EPROM 204 or only third EPROM 206 or one of the paraliel
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combinations of first EPROM 202 and second EPROM 204 and third EPROM
206. In one example, at least part of the coding scheme is fixed and known by
the user, such that each bit in a fixed portion of EPROM memow 122 is read by
selecting only the first EPROM or only the second EPROM vor only the third
EPROM or only one of the parallel combinations of the EPROMs. In one
example, at least part of the coding scheme is stored in another EPROM
memory or in another integrated circuit die. In one example, at least part of the
coding scheme is stored on a central server that may be accessed over the
internet. In one example, at least part of the coding scheme is stored in
EPROM memory 122, such as in a select only the parallel combination of all
three EPROMs portion of EPROM memory 122.

In other examples, one or more EPROM bits in EPROM memory 122
include more than three EPROMs, such as four or more EPROMs.

Figure 8 is a flow chaft diagram illustrating one example of multilevel
EPROM encoding for an EPROM bit in EPROM memory 122 (shown in Figure
4). The EPROM bit includes two or more EPROMSs in parallel, such aé in
EPROM bit 140 of Figure 5 and EPROM bit 200 of Figure 7.

At 250, each of the EPROMs is set to one of an un-programmed
resistance and a programmed resistance, where each resistance is different
than the other resistances. Next, at 252, one of the EPROMs is individually
selected or one parallel combination of the EPROMs is selected. Next, at 254,
the on resistance is measured through the selected one of the EPROMs or the
selected parallel combination of the EPROMs.

Figure 9 is a diagram illustrating one example of an inkjet printing system
300 that includes system 120 of Figuré 4. In one example, inkjet printing
system 300 includes only EPROM memory 122. In one example, inkjet printing
system 300 includes only circuit 124.

Inkjet printing system 300 constitutes one example of a fluid ejection
system that includes a fluid ejection device, such as inkjet printhead assembly
302, and a fluid supply assembly, such as ink supply assembly 304. The inkjet
printing system 300 also includes a mounting assembly 306, a media transport
assembly 308, and an electronic controller 310. At least one power supply 312
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provides power to the various electrical components of inkjet printing system
300.

In one example, inkjet printhead assembly 302 includes at least one
printhead or printhead die 314 that ejects drops of ink through a plurality of
orifices or nozzles 316 toward a print medium 318 so as to print onto print
medium 318. Printhead 314 is one example of a fluid ejection device. Print
medium 318 may be any type of suitable sheet material, such as paper, card
stock, transparencies, Mylar, fabric, and the like. Typically, nozzles 316 are
arranged in one or more columns or arrays such that properly sequenced
ejection of ink from nozzles 316 causes characters, symbols, and/or other
graphics or images to be printed upon print medium 318 as inkjet printhead
assembly 302 and print medium 318 are moved relative to each other. While
the following description refers to the ejection of ink from printhead assembly
302, it is understood that other liquids, fluids or flowable materials, including
clear fluid, may be ejected from printhead assembly 302. In one example, at
least one printhead 314 includes system 120. In one example, at least one
printhead 314 includes circuit 124. In one example, at least one printhead 314
includes EPROM memory 122.

Ink supply assembly 304 as one example of a fluid supply assembly
provides ink to printhead assembly 302 and includes a reservoir 320 for storing
ink. As such, ink flows from reservoir 320 to inkjet printhead assembly 302. Ink
supply assembly 304 and inkjet printhead assembly 302 can form either a one-
way ink delivery system or a recirculating ink delivery system. In a one-way ink
delivery system, substantially all of the ink provided to inkjet printhead assembly
302 is consumed during printing. In a recirculating ink delivery system, only a
portion of the ink provided to printhead assembly 302 is consumed during
printing. As such, ink not consumed during printing is returned to ink supply
assembly 304.

In one example, inkjet printhead assembly 302 and ink supply assembly
304 are housed together in an inkjet cartridge or pen. The inkjet cartridge or
pen is one example of a fluid ejection device. In another example, ink supply
assembly 304 is separate from inkjet printhead assembly 302 and provides ink
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to inkjet printhead assembly 302 through an interface connection, such as a
supply tube (not shown). In either example, reservoir 320 of ink supply
assembly 304 may be removed, replaced, and/or refilled. In one example,
where inkjet printhead assembly 302 and ink supply assembly 304 are housed
together in an inkjet cartridge, reservoir 320 includes a local reservoir located
within the cartridge and may also include a larger reservoir located separately
from the cartridge. As such, the separate, larger reservoir serves to refill the
local reservoir. Accordingly, the separate, larger reservoir and/or the local
reservoir may be removed, replaced, and/or refilled.

Mounting assembly 306 positions inkjet printhead assembly 302 relative
to media transport assembly 308 and media transport assembly 308 positions
print medium 318 relative to inkjet printhead assembly 302. Thus, a print zone
322 is defined adjacent to nozzles 316 in an area between inkjet printhead
assembly 302 and print medium 318. In one example, inkjet printhead
assembly 302 is a scanning type printhead assembly. As such, mounting
assembly 306 includes a carriage (not shown) for moving inkjet printhead
assembly 302 relative to media transport assembly 308 to scan print medium
318. In another example, inkjet printhead assembly 302 is a non-scanning type
printhead assembly. As such, mounting assembly 306 fixes inkjet printhead
assembly 302 at a prescribed position relative to media transport assembly 308.
Thus, media transport assembly 308 positions print medium 318 relative to
inkjet printhead assembly 302. |

Electronic controller or printer controller 310 typically includes a
processor, firmware, and other electronics, or any combination thereof, for
communicating with and controlling inkjet printhead assembly 302, mounting
assembly 306, and media transport assembly 308. Electronic controller 310
receives data 324 from a host system, such as a computer, and usually includes
memory for temporarily storing data 324. Typically, data 324 is sent to inkjet
printing system 300 along an electronic, infrared, optical, or other information
transfer path. Data 324 represents, for example, a document and/or file to be
printéd. As such, data 324 forms a print job for inkjet printing system 300 and

includes one or more print job commands and/or command parameters. In one



10

15

20

25

WO 2013/048376 PCT/US2011/053488

24
example, electronic controller 310 includes system 120. In one example,
electronic controller 310 includes circuit 124. In one example, electronic
controller 310 includes EPROM memory 122.

In one example, electronic controller 310 controls inkjet printhead
assembly 302 for ejection of ink drops from nozzles 316. As such, electronic
controller 310 defines a pattern of ejected ink drops that form characters,
symbols, and/or other graphics or images on print medium 318. The pattern of
ejected ink drops is determined by the print job commands and/or command
parameters.

In one example, inkjet printhead assembly 302 includes one printhead
314. In another example, inkjet printhead assembly 302 is a wide-array or multi-
head printhead assembly. In one wide-array example, inkjet printhead
assembly 302 includes a carrier, which carries printhead dies 314, provides
electrical communication between printhead dies 314 and electronic controller
310, and provides fluidic communication between printhead dies 314 and ink
supply assembly 304.

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations may be substituted for the specific
embodiments shown and described without departing from the scope of the
present invention. This application is intended to cover any adaptations or
variations of the specific embodiments discussed herein. Therefore, it is
intended that this invention be limited only by the claims and the equivalents
thereof.
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CLAIMS

1. An integrated circuit, comprising:

a first EPROM configured to provide a first state and a second state;

a second EPROM configured to provide a third state and a fourth state;
and

a circuit configured to select the first EPROM and the second EPROM

individually and in parallel with each other.

2. The integrated circuit of claim 1, wherein the first EPROM has a first
channel width and the second EPROM has a second channel width that is
different than the first channel width.

3. The integrated circuit of claim 1, wherein the first EPROM is a first type of
EPROM and the second EPROM is a second type of EPROM that is different
than the first type of EPROM.

4. The integrated circuit of claim 1, wherein the first state corresponds to a
first un-programmed resistance, the second state corresponds to a first
programmed resistance, the third state corresponds to a second un-
programmed resistance, and the fourth state corresponds to a second
programmed resistance, wherein each resistance of the first un-programmed
resistance, the first programmed resistance, the second un-programmed
resistance, and the second programmed resistance is a different resistance

value than each of the other three resistances.

5. The integrated circuit of claim 4, comprising:

a third EPROM configured to provide a fifth state and a sixth state,
wherein the fifth state corresponds to a third un-programmed resistance and the
sixth state corresponds to a third programmed resistance and each resistance

of the first un-programmed resistance, the first programmed resistance, the
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second un-programmed resistance, the second programmed resistance, the
third un-programmed resistance, and the third programmed resistance is a

different resistance value than each of the other five resistances.

6.  The integrated circuit of claim 1, comprising:

a third EPROM configured to provide a fifth state and a sixth state,
wherein the circuit is configured to select each of the first EPROM and the
second EPROM and the third EPROM individually and in parallel with any one
or more of the other EPROMs.

7. A printhead, comprising:

a first EPROM configured to provide a first un-programmed resfstance
and a first programmed resistance;

a second EPROM configured to provide a second un-programmed
resistance and a second programmed resistance; and .

a transistor configured to conduct current from each of the first EPROM
and the second EPROM, wherein each resistance of the first un-programmed
resistance, the first programmed resistance, the second un-programmed
resistance, and the second programmed resistance is different than each of the

other three resistances.

8. The printhead of claim 7, comprising:
a circuit configured to select the first EPROM and the second EPROM

individually and in parallel.

9. The printhead of claim 7, comprising:
a circuit configured to select the first EPROM and the second EPROM

individually and in parallel to measure up to eight different resistance values.

10.  The printhead of claim 7, comprising:
a third EPROM configured to provide a third un-programmed resistance

and a third programmed resistance, wherein the transistor is configured to
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conduct current from each of the first EPROM and the second EPROM and the
third EPROM.

11.  The printhead of claim 10, wherein each resistance of the first un-
programmed resistance, the first programmed resistance, the second un-
programmed resistance, the second programmed resistance, the third un-
programmed resistance, and the third programmed resistance is different than

each of the other five resistances.

12.  The printhead of claim 10, comprising:

a circuit configured to select the first EPROM and the second EPROM
and the third EPROM individually and in parallel with any one or more of the
other EPROMs to measure up to twenty six different resistance values.

13. A method of multiple level EPROM encoding, comprising:

providing a first EPROM and a second EPROM,;

selecting one of the first EPROM, the second EPROM, and the parallel
combination of the first EPROM and the second EPROM; and

measuring resistance through the selected one of the first EPROM, the
second EPROM, and the parallel combination of the first EPROM and the
second EPROM.

14.  The method of claim 13, comprising:

setting the first EPROM to one of a first un-programmed resistance and a
first programmed resistance; and

setting the second EPROM to one of a second un-programmed
resistance and a second programmed resistance, wherein each resistance of
the first un-programmed resistance, the first programmed resistance, the
second un-programmed resistance, and the second programmed resistance is
different than each of the other three resistances.
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15.  The method of claim 13, comprising:

providing a third EPROM,;

selecting one of the first EPROM, the second EPROM, the third EPROM,
and each parallel combination of two or more of the first EPROM and the
second EPROM and the third EPROM; and

measuring resistance through the selected one of the first EPROM, the
second EPROM, the third EPROM, and each parallel combination of two or
more of the first EPROM and the second EPROM and the third EPROM.
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