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(7) ABSTRACT

The present invention provides a technology capable of
shortening a TAT of a microcomputer with a nonvolatile
memory built therein and achieving a reduction in cost.
Flash ROMs comprising memory cells each substantially
identical in structure to each of memory cells of a flash
memory are formed in their corresponding chips lying in a
wafer. Subsequently, memory information is written into
each of the memory cells of the flash ROM in a probe test
process. Thereafter, the memory information written into the
memory cell thereof is made unreprogrammable to thereby
disable rewriting of the post-shipment memory information.
Thus, the shortening of a TAT can be achieved as compared
with a mask ROM built-in microcomputer, and management
and fabrication costs can be reduced.
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FIG. 2(a)
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FIG. 3
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FIG. 4(a)
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FIG. 4(b)
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FABRICATION METHOD OF SEMICONDUCTOR
DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a technology for
manufacturing a semiconductor device, and particularly to a
technology effective if applied to a method of manufacturing
a semiconductor device having a nonvolatile memory, which
is mounted on a system LSI (Large Scale Integrated Circuit)
or the like.

[0002] As a general-purpose microcomputer equipped
with a nonvolatile memory which continues to retain
memory information even if power is turned off, may
generally be mentioned an OTP (One Time Programmable)
ROM (Read Only Memory) built-in microcomputer or a
flash memory built-in microcomputer intended for a cus-
tomer-based soft development or debugging, or a mask
ROM built-in microcomputer intended for a cost reduction
at mass production, or the like. Here, an OTPROM is a
nonvolatile memory (inclusive of an EPROM (Erasable
Programmable Read Only Memory)) capable of writing
memory contents therein only once by a customer, a flash
memory is a nonvolatile memory (inclusive of EEPROM
(Electrically Erasable Programmable Read Only Memory))
capable of electrically effecting all of erasure/reprogram-
ming of memory information, and a mask ROM is a pro-
gram-fixed nonvolatile memory which writes memory infor-
mation therein in a manufacturing process.

[0003] Incidentally, a technology for allowing a plurality
of types of semiconductor elements to be formed on a sheet
of semiconductor wafer and enhancing production efficiency
of various kinds of semiconductors has been described in,
for example, Unexamined Patent Publication Hei 7(1995)-
283287 of Iwasaki et al.

[0004] Further, a simple manufacturing method of a semi-
conductor device, which is capable of effecting writing on a
read only memory element of the semiconductor device
having a flash memory element and a read only element
together during a semiconductor device manufacturing pro-
cess and carrying out reading even without writing after its
commercialization, has been disclosed in, for example,
Unexamined Patent Publication Hei 5(1993)-304277 of
Yamamoto et al.

SUMMARY OF THE INVENTION

[0005] The present inventors have discussed a method of
manufacturing a microcomputer having built therein a mask
ROM as a nonvolatile memory. The following is a technol-
ogy discussed by the present inventors, and its summary is
as follows:

[0006] FIG. 8 is a process diagram showing one example
of a fabrication process of the mask ROM built-in micro-
computer discussed by the present inventors.

[0007] A program for the mask ROM is first developed by
a customer (Step 100). This customer program is data-
transmitted to a manufacturing site (Step 101). Next, the
transmitted data is converted (Step 102). Further, a mask is
fabricated based on the data (Step 103), and wiring patterns
are formed on a base wafer (Step 104) fabricated in a wafer
process (1) in advance, using the mask in a wafer process (2)
(Step 105), whereby a prototype of a mask ROM built-in
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microcomputer is manufactured. Incidentally, test items,
standards, etc. employed in a subsequent probe test and
screening are also simultaneously created upon the data
conversion in Step 102.

[0008] Next, whether mask ROM built-in microcomputers
formed in individual chips on the wafer are non-defective or
defective, is determined by a probe test (Step 106), and
thereafter, a prototype is delivered to a customer (Step 107).
The prototype is evaluated by the customer. When it is
determined that no problem occurs in the corresponding
mask ROM and the microcomputer with the mask ROM
built therein (Step 108), an order for the fabrication of the
mask ROM built-in microcomputer is formally forwarded to
the manufacturing site (Step 109). Thereafter, wiring pat-
terns are formed on the base wafer by use of the mask in the
wafer process (2) (Step 110). Whether the mask ROM
built-in microcomputers formed in the individual chips on
the wafer are non-defective or defective, is determined by a
probe test (Step 111). Afterwards, the non-defective mask
ROM built-in microcomputers are assembled (Step 112) and
their screening according to product standards is performed
(Step 113), and each of the mask ROM built-in microcom-
puters each having satisfied the product standards is packed
and shipped (Step 114).

[0009] Incidentally, when a problem on the program
occurs in the corresponding mask ROM or the microcom-
puter with the mask ROM built therein upon the customer
evaluation in Step 108, the program is discussed again by the
customer and a mask ROM built-in microcomputer is pro-
totyped and evaluated in a manner similar to the above
process steps subsequently.

[0010] However, the following problems have become
evident after the present inventors have discussed the
method of manufacturing the mask ROM built-in micro-
computer.

[0011] In the case of a mask ROM, a dedicated mask is
fabricated based on a customer program and each wiring
pattern is formed using the mask, whereby the customer
program is written into its corresponding base chip. There-
fore, the mask ROM has a problem in that a mask charge
becomes a burden regardless of the produced number
thereof, and a TAT (Turn-and Around Time) of a manufac-
turing process becomes long.

[0012] Since it is difficult to produce mask ROM built-in
microcomputers in just proportion according to the number
thereof by order, they are normally produced in excess of the
required number thereof and thereafter the number of their
shipments is adjusted according to customer’s requests.
With a progress of an increase in the diameter of the wafer,
however, the number of ordered mask ROM built-in micro-
computers per company is supposed to become fewer than
the number of mask ROM built-in microcomputers obtained
from one wafer. In this case, there is fear that the original
cost of each microcomputer product rises due to the
unwanted mask ROM built-in microcomputers.

[0013] On the other hand, a microcomputer with a flash
memory built therein as a nonvolatile memory grows in
demand as well. However, a test process therefor increases
in complexity as compared with the mask ROM built-in
microcomputer, thus resulting in the occurrence of a prob-
lem that the TAT becomes long and its manufacturing cost
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rises. Therefore, a changeover from all of mask ROMs each
having a microcomputer built therein to flash memories is
considered to be difficult.

[0014] An object of the present invention is to provide a
technology capable of achieving the shortening of a TAT of
a microcomputer with a built-in nonvolatile memory.

[0015] Another object of the present invention is to pro-
vide a technology capable of reducing the cost of a micro-
computer with a built-in nonvolatile memory.

[0016] The above, other objects and novel features of the
present invention will become apparent from the description
of the present specification and the accompanying drawings.

[0017] Summaries of representative ones of the inventions
disclosed in the present application will be explained in brief
as follows:

[0018] The present invention comprises the steps of: form-
ing, in each chip lying within a wafer, a semiconductor
device having a nonvolatile memory comprised of memory
cells each substantially identical in structure to each of
memory cells of a flash memory; bringing a probe into
contact with each of electrode pads of the semiconductor
device to thereby write memory information into the corre-
sponding nonvolatile memory; and disabling rewriting of
the memory information written into the nonvolatile
memory, whereby the memory information written into the
nonvolatile memories are made different for each wafer or
every plural wafers, or for each chip in the wafer or every
plural chips in the wafer to thereby form a plurality of types
of nonvolatile memories different in specification from one
another.

[0019] Further, the present invention comprises the steps
of: forming, in each chip lying within a wafer, a semicon-
ductor device having a nonvolatile memory comprised of
memory cells each substantially identical in structure to each
of memory cells of a flash memory; converting a program
developed by a customer into data; writing memory infor-
mation into the corresponding nonvolatile memory in a
probe test process and thereafter probe-testing the semicon-
ductor device having the nonvolatile memory; passivating
an erase circuit and a write circuit to thereby disable
rewriting of the memory information; assembling the semi-
conductor devices each having the nonvolatile memory; and
screening the semiconductor devices each having the non-
volatile memory, whereby the memory information is
directly transferred to a probe test device, based on instruc-
tions given by a production management system after the
conversion of the program developed by the customer into
the data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a process diagram showing one example
of a fabrication flow of a microcomputer with a built-in flash
ROM, which is illustrative of one embodiment of the present
invention;

[0021] FIGS. 2(a) through 2(c) respectively illustrate
examples of layouts of chips in a wafer, each formed with
the flash ROM built-in microcomputer illustrative of the one
embodiment of the present invention;

[0022] FIG. 3 shows one example of product develop-
ments of the flash ROM built-in microcomputers each
illustrative of the one embodiment of the present invention;
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[0023] FIGS. 4(a) through 4(c) are respectively process
diagrams showing fabrication flows of a flash ROM built-in
microcomputer, a mask ROM built-in microcomputer, and a
flash memory built-in microcomputer;

[0024] FIG. 5 shows one example illustrative of the
contents of tests executed in probe test processes of a flash
ROM built-in microcomputer;

[0025] FIG. 6 illustrates one example illustrative of the
contents of tests executed in probe test processes of a flash
memory built-in microcomputer;

[0026] FIG. 7 is a circuit layout example in a functional
block of a flash ROM constituting the flash ROM built-in
microcomputer illustrative of the one embodiment of the
present invention; and

[0027] FIG. 8 is a process diagram showing one example
of a fabrication flow of a microcomputer with a built-in
mask ROM, which has been discussed by the present
inventors.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0028] Preferred embodiments of the present invention
will hereinafter be described in detail with reference to the
accompanying drawings. Incidentally, members each having
the same function in all the drawings for describing the
embodiments are respectively identified by the same refer-
ence numerals and their repetitive description will therefore
be omitted.

[0029] Incidentally, the term of a semiconductor device in
the present application is defined inclusive of ones simply
formed not only on a monocrystal silicon substrate but also
on other substrates such as an SOI (Silicon on Insulator)
substrate, a TFT (Thin Film Transistor) liquid crystal sub-
strate except for a case specified as being not so in particular.

[0030] When reference is made to the number of elements
or the like (inclusive of the number of pieces, numerical
values, quantity, range, etc.) in the following embodiments,
the number thereof is not limited to a specific number and
may be greater than or less than or equal to the specific
number unless otherwise specified in particular and defi-
nitely limited to the specific number in principle. It is also
needless to say that components (including factor steps, etc.)
employed in the following embodiments are not always
essential unless otherwise specified in particular and con-
sidered to be definitely essential in principle.

[0031] Similarly, when reference is made to the shapes,
positional relations and the like of the components or the like
in the following embodiments, they include ones substan-
tially analogous or similar to their shapes or the like unless
otherwise specified in particular and considered to be defi-
nitely so in principle. This is similarly applied even to the
above numerical values and range.

[0032] FIG. 1 is a process diagram showing one example
of a fabrication flow of a microcomputer with a built-in flash
ROM, which is illustrative of one embodiment of the present
invention. The flash ROM described herein is a nonvolatile
memory constituted by memory cells each substantially
identical in structure to each of memory cells of a flash
memory, which is formed using a manufacturing process
substantially identical to that for each memory cell of the
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flash memory. The flash ROM corresponds to a program-
fixed nonvolatile memory which enables writing/erasing of
memory information at the stage of its development but
disables rewriting or reprogramming of memory informa-
tion written before its shipment after its shipment.

[0033] Thus, the memory cell of the flash ROM has a
one-transistor laminated gate structure, in which one
memory cell is basically constituted of one two-layer gate
MISFET (Metal Oxide Semiconductor Field Effect Transis-
tor). The two-layer gate MISFET is formed by providing a
floating gate on a substrate with a tunnel insulating film
interposed therebetween and stacking a control gate thereon
with an interlayer film interposed therebetween. For
instance, information is stored therein by injection of elec-
trons into the floating gate.

[0034] A base wafer formed with flash ROMs inclusive of
wiring patterns is manufactured and prepared in advance in
a wafer process by use of the same fabrication process as the
flash memory (Step 100). Next, a program for the flash ROM
is developed by a customer (Step 101). This customer
program is data-transmitted to a manufacturing site (Step
102) and thereafter the transmitted data is converted (Step
103). Upon the data conversion, test items, product stan-
dards, etc. used for a post-probe test and screening are also
simultaneously created or produced.

[0035] Next, writing of memory information into the flash
ROMs formed in individual base chips on the base wafer,
and a probe test on the flash ROM built-in microcomputer
are executed (Step 104). In this process step, the writing of
the memory information into each flash ROM based on
instructions given by a production management system is
first executed using a probe card in which probes are
disposed in alignment with full electrode pads of the flash
ROM built-in microcomputer. Thereafter, a decision as to
whether the flash ROM built-in microcomputer is either a
non-defective unit or a defective unit, is made on the probe
test. Incidentally, the converted data may be transferred
directly to a probe test device, based on the instructions
given by the production management system.

[0036] Next, a prototype is delivered to a customer (Step
105). When the customer evaluates the prototype and deter-
mines that no problem occurs in the corresponding flash
ROM and the microcomputer with the flash ROM built
therein (Step 106), an order for the fabrication of the flash
ROM built-in microcomputer is formally forwarded to the
manufacturing site (Step 107).

[0037] Next, writing of memory information into the flash
ROM formed in each of the individual base chips on the base
wafer, and a decision as to whether the flash ROM built-in
microcomputer is non-defective or defective, is made by the
probe test (Step 108). The memory information written
herein cannot be rewritten or reprogrammed after shipment
of the microcomputer. As will be described later, for
example, an erase circuit and a write circuit are passivated
to thereby disable the rewriting of the memory information.
Although the threshold value (Vth) of the memory cell of the
flash ROM is relatively set high to write the memory
information therein, its wiring may excessively be done.

[0038] In the flash ROM built-in microcomputer, the flash
ROM constituted by the memory cells each substantially
identical in structure to each memory cell of the flash
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memory including the wiring patterns is formed on the base
wafer in advance, and the customer program is written into
the flash ROM by use of the probe card in the process of
executing the probe test. Thus, a TAT of the flash ROM
built-in microcomputer can be set shorter than a TAT (cor-
responding to a period from the reception of a program from
a customer to the delivery of a product) of a mask ROM
built-in microcomputer wherein wiring patterns are formed
on a base wafer by use of a dedicated mask fabricated after
the reception of the customer program.

[0039] Thereafter, non-defective flash ROM built-in
microcomputers are assembled (Step 109). Further, their
screening is done in view of the product standards (Step
110), and the flash ROM built-in microcomputers each
having satisfied the product standards, are packed and
shipped (Step 111). Upon the above screening, the test items
that could not be measured on the probe test, are tested and
appearance conditions and reliability tests or the like are
further executed.

[0040] Incidentally, when a problem about the program
occurs in the flash ROM or the microcomputer with the
built-in flash ROM upon the customer’s evaluation in Step
106, the program is re-discussed by the customer, and
thereafter a flash ROM built-in microcomputer is re-proto-
typed and evaluated in a manner similar to the above process
steps.

[0041] FIG. 2 shows examples of layouts of chips in a
wafer, each of which is formed with the flash ROM built-in
microcomputer illustrative of the one embodiment of the
present invention.

[0042] Since predetermined signals can respectively be
inputted to a plurality of probes provided in a used probe
card upon a probe test for writing memory information into
each flash ROM, microcomputers with built-in flash ROMs
(e.g., product specification A, product specification B and
product specification C) different in product specification at
each wafer can be formed (see FIG. 2(@)) . Further, micro-
computers having incorporated therein flash ROMs (e.g.,
product specification A, product specification B and product
specification C) different in product specification every
plural regions or every individual chips can be formed even
on a sheet of wafer (see FIGS. 2(b) and 2(c)).

[0043] Thus, since the flash ROM built-in microcomputers
different in product specification can be respectively pro-
vided in just proportion according to the number thereof by
order, there is no need to fabricate base wafers equivalent to
the same number as the number of product developments
and adjust the number of shipped products according to
customer’s requests. Thus, since the number of manage-
ments for the base wafers and the number of in-process
products are reduced and mask management becomes
unnecessary, the cost of managing each flash ROM built-in
microcomputer can be set lower than the cost of managing
each mask ROM built-in microcomputer.

[0044] FIG. 3 shows one example of product develop-
ments of the flash ROM built-in microcomputers each
illustrating the one embodiment of the present invention.

[0045] The present embodiment shows, as an example, a
case in which flash ROM built-in microcomputers are devel-
oped as products with the flash ROMs being changed in
specification. The present embodiment illustrates first
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through tenth product specifications as product specifica-
tions. Memory information are written into their correspond-
ing flash ROMs in the probe test process (see Steps 104 and
108) so that individual base chips on a base wafer prepared
in advance meet their corresponding product specifications.

[0046] On the other hand, respective dedicated masks used
in a wafer process (2) (see Steps 105 and 110 in FIG. 8) are
first fabricated according to the first through tenth product
specifications in the mask ROM built-in microcomputers.
The corresponding mask ROM built-in microcomputers
based on the first through tenth product specifications are
formed using the masks. Further, since other ROM products,
e.g., OTPROMs or flash memories or the like are required
upon testing of the mask ROM built-in microcomputers,
there is a need to develop other ROM products.

[0047] Thus, since there is no need to fabricate the dedi-
cated masks when the ROM products are developed as
products, the flash ROM built-in microcomputers can be
reduced in manufacturing cost as compared with the mask
ROM built-in microcomputers using the dedicated masks.
Further, since other ROM products for testing become
unnecessary in the case of the flash ROMs, only the flash
ROMSs may be developed as the ROM products in the case
of the flash ROM built-in microcomputers. The number of
man-hours for circuit design is reduced and the period
required to develop the flash ROMs can be shortened as
compared with the mask ROM built-in microcomputers.

[0048] Table 1 shows a summary of comparisons of prin-
cipal items of the flash ROM built-in microcomputer show-
ing the one embodiment of the present invention and the
mask ROM built-in microcomputer discussed by the present
inventors.

ROM

Flash ROM built-in
Items microcomputer

Mask ROM built-in
microcomputer

TAT 0.5 to 1 weeks
management cost relatively low

4 to 6 weeks
relatively high

number of product unnecessary same as number of

developments receptions of customer
ROMs

mask charge unnecessary about ¥1,500,000 (6"
wafer)

number of types of base 1 2to 3

developed products

[0049] A TAT from the reception of a program from a
customer to the delivery of each product via a development
period takes about 4 to 6 weeks in the case of the mask ROM
built-in microcomputer. In the flash ROM built-in micro-
computer to the contrary, a mask manufacturing step (Step
103 in FIG. 8) and a wafer process (2) (Steps 105 and 110
in FIG. 8) necessary for the mask ROM built-in microcom-
puter are deleted and hence the number of manufacturing
process steps can be reduced. Therefore, a development
period and a manufacturing time can be shortened and the
above TAT can be shortened to about ¥ or less of the TAT
of the mask ROM built-in microcomputer like about 0.5 to
1 weeks.

[0050] Since the flash ROM built-in microcomputers cor-
responding to the number thereby by order, which are
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different in product specifications, can be fabricated, there is
no need to fabricate many base wafers corresponding to the
dedicated masks as in the mask ROM built-in microcom-
puters, and the management cost for each flash ROM built-in
microcomputer can be reduced.

[0051] Although the dedicated masks of the same number
as the number of product developments of ROMs required
by the customer in the case of the mask ROMs are needed
upon development of the ROM products, no masks are
needed in the case of the flash ROMs. As a result, such a
mask charge that the mask ROM built-in microcomputer
needs about ¥1,500,000 in the case of, for example, a 6"
wafer, becomes unnecessary for the flash ROM built-in
microcomputer, and hence the manufacturing cost can be
reduced. Further, since other ROM products are used for
testing of the mask ROMs, ROM products of two to three
types (OTPROM, flash memory or OTPROM and flash
memory in addition to mask ROM) are necessary for the
mask ROM built-in microcomputer. However, since only
one kind of flash ROM may be used in the flash ROM
built-in microcomputer, a development period can be short-
ened.

[0052] FIG. 4 is a process diagram showing respective
fabrication flows of a flash ROM built-in microcomputer, a
mask ROM built-in microcomputer, and a flash memory
built-in microcomputer.

[0053] In the case of the flash ROM built-in microcom-
puter showing the present embodiment shown in FIG. 4(a),
a memory cell substantially identical in structure to a flash
memory provided with wiring patterns is formed using the
same manufacturing process as the flash memory in a wafer
process. Afterwards, memory information is written into the
memory cell in a first probe test process and a flash ROM is
thereafter tested in first and second probe test processes,
followed by execution of tests on the functions/performance
and the like of a RAM and logic in a third probe test process.
Each flash ROM built-in microcomputer judged to be non-
detective on the probe test is assembled and its screening
according to product standards is performed in a final test.

[0054] In the case of the mask ROM built-in microcom-
puter shown in FIG. 4(b), a memory cell unprovided with
wiring patterns is formed in a wafer process (1). In a wafer
process (2) subsequent to the above, wiring patterns are
formed using dedicated masks, and memory information is
written into the memory cell. Thereafter, tests on perfor-
mance/functions and the like of a mask ROM, a RAM and
logic are performed in a probe test process. Each mask ROM
built-in microcomputer judged to be non-defective in the
probe test process is assembled in a package process and its
screening based on product standards is performed in a final
test.

[0055] Inthe case of the flash memory built-in microcom-
puter shown in FIG. 4(c), a memory cell provided with
wiring patterns is formed in a wafer process. Next, a test on
a flash memory, using a dedicated memory tester is per-
formed in first and second probe test processes, followed by
execution of functions/performance and the like of a RAM
and logic in a third probe test process. The corresponding
flash memory built-in microcomputer judged to be non-
defective in each of the first, second and third probe test
processes is assembled in a package process, and its screen-
ing based on product standards is performed in a final
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process. In the final process, a test on the flash memory,
using a dedicated memory tester is first performed in a first
final process, and tests on the RAM and logic are carried out
in a second final process.

[0056] One example descriptive of the contents of tests on
a flash ROM in probe test processes (1) and (2) of a flash
ROM built-in microcomputer is shown in FIG. 5, and one
example descriptive of the contents of tests on a flash
memory in probe test processes (1) and (2) of a flash
memory built-in microcomputer is shown in FIG. 6.

[0057] As the contents of the tests on the flash ROM, may
be mentioned, for example, a write test, a read test, a disturb
test, and a read test subsequent to wafer bake, etc. On the
other hand, the contents of the tests on the flash memory may
include, for example, a read test, a write test, an erase test,
a disturb test, high-temperature retention subsequent to
wafer bake, deplete test, etc. Items for the respective tests
also range widely.

[0058] Since the flash ROM built-in microcomputer needs
not to execute such wide-ranging tests peculiar to the flash
memory, which are performed in the flash memory built-in
microcomputer, the number of test processes can be reduced
to about Y10 as compared with the flash memory built-in
microcomputer, and no dedicated memory tester is required
either. Accordingly, the TAT of the flash ROM built-in
microcomputer can be set shorter than the TAT of the flash
memory built-in microcomputer. Owing to a reduction in
capital investment cost, the flash ROM built-in microcom-
puter can be reduced in product cost as compared with the
flash memory built-in microcomputer.

[0059] Incidentally, the test of detecting such a retention
failure that memory information written therein disappears,
is performed upon the read test on the flash ROM in the flash
ROM built-in microcomputer. Since, however, the flash
ROM is capable of excessively performing writing, for
example, as compared with the flash memory, the flash ROM
built-in microcomputer does not necessarily require the
retention test.

[0060] FIG. 7 is a circuit layout example in a functional
block of a flash ROM constituting the flash ROM built-in
microcomputer illustrative of the one embodiment of the
present invention. In the drawing, reference numeral 1
indicates a flash ROM user utilizing area, reference numeral
2 indicates a flash RPOM unopen area, reference numeral 3
indicates a first read circuit, reference numeral 4 indicates a
second read circuit, reference numeral 5 indicates a write
circuit, and reference numeral 6 indicates an erase circuit,
respectively.

[0061] A customer program is written into the flash ROM
user utilizing area 1. Upon shipment of the flash ROM
built-in microcomputer, the write circuit 5 and the erase
circuit 6 are passivated and memory information of the flash
ROM cannot be rewritten or reprogrammed after the ship-
ment thereof.

[0062] There is a need to set a threshold value of each of
memory cells of a flash memory to within a predetermined
range. When the threshold value falls out of this range, the
flash memory is judged to be defective. In the flash ROM,
however, a relatively high threshold value and a relatively
low threshold value are determined and memory information
written into the corresponding memory cell is read. Thus,

Jan. 22, 2004

since the memory cell of the flash ROM can take its
threshold standard range widely as compared with the flash
memory, the production yield of the flash ROM built-in
microcomputer becomes higher than that of the flash
memory built-in microcomputer.

[0063] Thus, according to the present embodiment, the
mask fabrication process and the wafer process (2) for
forming the wiring patterns, which are required for the
writing of the memory information in the mask ROM
built-in microcomputer, become unnecessary for the flash
ROM built-in microcomputer, the TAT of the flash ROM
built-in microcomputer can be set shorter than the TAT of the
mask ROM built-in microcomputer.

[0064] Since the flash ROM built-in microcomputers dif-
ferent in product specification can be respectively provided
in just proportion according to the number thereof by order
as well, the flash ROM built-in microcomputers can be
reduced in management cost as compared with the mask
ROM built-in microcomputers.

[0065] Further, when each ROM product is developed, the
flash ROM built-in microcomputer needs not to fabricate the
dedicated mask and can be reduced in manufacturing cost as
compared with the mask ROM built-in microcomputer.
Since the flash ROM built-in microcomputer does not
require other ROM products for testing, the number of
man-hours for circuit design is reduced and hence its devel-
opment period can be shortened, as compared with the mask
ROM built-in microcomputer which needs other ROM prod-
ucts for testing.

[0066] Still further, since the flash ROM built-in micro-
computer does not require wide-ranging tests peculiar to the
flash memory, which have been performed in the flash
memory built-in microcomputer, the TAT of the flash ROM
built-in microcomputer can be shortened as compared with
that of the flash memory built-in microcomputer.

[0067] Still further, since each memory cell of the flash
ROM can take a threshold standard range widely as com-
pared with the flash memory, the production yield of the
flash ROM built-in microcomputer can be set higher than
that of the flash memory built-in microcomputer.

[0068] While the invention developed above by the
present inventors has been described specifically based on
the illustrated embodiments, the present invention is not
limited to the embodiments. It is needless to say that various
changes can be made thereto within the scope not departing
from the substance thereof.

[0069] While the above embodiment has described, for
example, the case in which the invention is applied to the
ROM product built in the microcomputer, the present inven-
tion is not limited to it. The invention can be applied even
to a ROM product fabricated as single, for example.

[0070] While the memory cell of the flash ROM is set to
substantially the same structure as the memory cell of the
flash memory in the illustrated embodiment, the memory
cell thereof can be set to substantially the same structure as,
for example, a memory cell of a ferroelectric RAM (Random
Access Memory) in which a ferroelectric film is caused to
have a write function, or a memory cell of an MRAM
(Magnetoresistive Random Access Memory) using the
direction of magnetization of a ferroelectric body in an
information memory carrier.
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[0071] Advantageous effects obtained by a representative
one of the inventions disclosed in the present application
will be described in brief as follows:

[0072] As a nonvolatile memory built in a microcomputer,
a flash ROM is adopted which includes memory cells each
substantially identical in structure to each of memory cells
of a flash memory and which writes memory information
therein in a probe test process and disables rewriting of the
memory information after its shipment. Thus, the shortening
of TAT can be achieved as compared with a mask ROM
built-in microcomputer, and management and fabrication
costs can be reduced. Further, the shortening of TAT can be
achieved as compared with a flash memory built-in micro-
computer, and production yields can be enhanced.

[0073] Drawings
[0074] FIG. 1
[0075] 100 ... WAFER PROCESS
[0076] 101...DEVELOP CUSTOMER PROGRAM
[0077] 102 ... TRANSMIT DATA
[0078] 103 ... CONVERT DATA

[0079] 104, 108 . .. PROBE TEST
[0080] 105 ... MANUFACTURE AND DELIVER
[0081] 106 . . . EVALUATE AND APPROVE BY
CUSTOMER
[0082] 107 ... ORDER FORMALLY
[0083] 109 ... ASSEMBLE
[0084] 110 ... SCREEN
[0085] 111 ...PACK AND SHIP
[0086] FIG. 3

[0087] BASE CHIP

[0088] STANDARD SPECIFICATION SPECIFI-
CATION FOR HIGH-SPEED VERSION

[0089] FIRST PRODUCT SPECIFICATION
[0090] SECOND PRODUCT SPECIFICATION
[0091] THIRD PRODUCT SPECIFICATION

[0092] FOURTH PRODUCT SPECIFICAI-
TON

[0093]
[0094]

[0095]
TION

[0096] EIGHTH PRODUCT SPECIFICAITON

[0097] NINTH PRODUCT SPECIFICATION

[0098] TENTH PRODUCT SPECIFICAITON
[0099] FIG. 4

[0100] (a) FLASH ROM BUILT-IN MICROCOM-
PUTER

[0101] WAFER PROCESS (FLASH PROCESS)
[0102] PROBE TEST PROCESS (1)

FIFTH PRODUCT SPECIFICATION
SIXTH PRODUCT SPECIFICATION
SEVENTH PRODUCT SPECIFICA-
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WAFER BAKE
PROBE TEST PROCESS (2)
PROBE TEST PROCESS (3)
PACKAGE PROCESS
[0107] (ASSEMBLE)

[0108] FINAL TEST

[0109] (b) MASK ROM BUILT-IN MICROCOM-
PUTER

[0110]
[0111]
[0112]
[0113]
[0114]
[0115]
[0116]

[0103]
[0104]
[0105]
[0106]

WAFER PROCESS (1)
(MASK PROCESS)
APPLY MASK
WAFER PROCESS (2)
(MASK PROCESS)
PROBE TEST
PACKAGE PROCESS
[0117] (ASSEMBLE)

[0118] FINAL TEST

[0119] (c) FLASH MEMORY BUILT-IN MICRCO-
COMPUTER

[0120] WAFER PROCESS

[0121] (FLASH PROCESS)

[0122] PROBE TEST PROCESS (1)

[0123] WAFER BAKE

[0124] PROBE TEST PROCESS (2)

[0125] PROBE TEST PROCESS (3)

[0126] PACKAGE PORCESS

[0127] (ASSEMBLE)

[0128] FINAL TEST (1)

[0129] (TEST OF FLASH MEMORY)

[0130] FINAL TEST (2)

[0131] (TEST OF RAM, LOGIC)
[0132] FIG.5

TEST ITEM TEST PURPOSE

WRITE TEST WRITE CUSTOMER WRITE CUSTOMER
PROGRAM PROGRAM
READ TEST READ CUSTOMER CONFIRM OPERATING
PROGRAM SPEED MARGIN
DISTURB TEST WORD (+) TEST WHETHER
DISTURB DATA IS
INVERTED EVEN
IF READ IS
EXECUTED FOR
10 YEARS
WAFER BAKE
READ TEST READ CUSTOMER DETECT HIGH-
PROGRAM TEMPERATURE

RETENTION FAILURE
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[0133] FIG. 6
TEST ITEM TEST PURPOSE
READ TEST INITIAL ALL “0” REMOVE INITIAL
READ FAILURE “1”
ALL “0” READ CONFIRM WRITE STATE
ALL “1” READ CONFRIM ERASE STATE
CHECKER READ BIT INTERFERENCE
CONFIRM OPERATING
SPEED MARGIN
READ 0-1 Line CONFIRM OPERATING
SPEED
MARGIN
WRITE TEST CHECKER WRITE SCREEN BIT SLOW
IN WRITING BIT
INTERFERENCE
DETECT DEPLETE BIT
ALL “0” WRITE SCREEN BIT SLOW
IN WRITING
DETECT DEPLETE BIT
ERASE TEST ERASE TEST DETECT BIT SLOW IN

DISTURB TEST

WAFER BAKE
HIGH-
TEMPERATURE

DATE DISTURB

WORD(-) DISTURB

WORD(+) DISTURB

RETENTION

DEPLETE TEST

DATA RETENTION

DEPLETE TEST

ERASURE

DETECT FAILURE IN
DATA INVERSION OF
WRITE NON-
EXECUTED BIT
DETECT FAILURE IN
DATA INVERSION

OF WRITE NON-
EXECUTED BIT
UPON WRITING
TEST WHETHER DATA
IS INVERTED EVEN
IF READ IS
EXECUTED FOR

10 YEARS

DETECT HIGH-
TEMPERATURE
RETENTION FAILURE
EXECUTE WRITE
DEPLETE DETECT
DEEP-WRITTEN
MEMORY ADDRESS
DETECT MEMORY CELL
HAVING PRODUCED
LEAK BY ITS
DESCRUTION

[0134]
[0135]
[0136]
[0137]
[0138]
[0139]
[0140]
[0141]
[0142]
[0143]

FIG.

8
100 . .. DEVELOP CUSTOMER PROGRAM
101 . . . TRASMIT DATA
102 . . . CONVERT DATA
103 .. . MANUFACTURE MASK
104 .. . WAFER PROCESS (1)

105, 110 . . . WAFER PROCESS (2)
106, 111 . . . PROBE TEST
107 . . . MANUFACTURE AND DELIVER

108 . . . EVALUATE AND APPROVE BY
CUSTOMER

[0144] 109 ... ORDER FORMALLY
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[0145] 112 ... ASSEMBLE
[0146] 113 ...SCREEN
[0147] 114 ...PACK AND SHIP

What is claimed is:
1. A method of fabricating a semiconductor device, com-
prising the steps of:

(a) forming, in each chip lying within a wafer, the
semiconductor device having a nonvolatile memory
comprised of memory cells each provided with a first
gate electrode formed on the wafer with a first insulat-
ing film interposed therebetween and a second gate
electrode formed on the first gate electrode with a
second insulating film interposed therebetween;

(b) writing memory information into the corresponding
nonvolatile memory; and

(c) disabling rewriting of the memory information written

into the nonvolatile memory.

2. The method according to claim 1, wherein a probe is
brought into contact with each of electrode pads of the
semiconductor device having the nonvolatile memory to
thereby write the memory information into the correspond-
ing nonvolatile memory.

3. The method according to claim 2, wherein the memory
information written into the nonvolatile memories are made
different for each wafer or every plural wafers to thereby
form a plurality of types of nonvolatile memories different
in specification from one another.

4. The method according to claim 2, wherein the memory
information written into the nonvolatile memories are made
different for each chip within the wafer or every plural chips
within the wafer to thereby form a plurality of types of
nonvolatile memories different in specification from one
another within the wafer.

5. The method according to claim 2, wherein writing of
the memory information into each of the nonvolatile memo-
ries is excessively performed.

6. The method according to claim 1, wherein each of the
memory cells is substantially identical in structure to each of
memory cells of a flash memory.

7. The method according to claim 1, wherein the said step
(b) is performed in a probe test process used for the
semiconductor device having the nonvolatile memory.

8. The method according to claim 1, wherein in said step
(c), an erase circuit and a write circuit are passivated to
thereby disable rewriting of the memory information.

9. The method according to claim 1, wherein a flash
memory or an OTPROM is not formed within at least a
functional block formed with the nonvolatile memory.

10. A method of fabricating a semiconductor device,
comprising the steps of:

(a) forming, in each chip lying within a wafer, the
semiconductor device having a nonvolatile memory
comprised of memory cells each provided with a first
gate electrode formed on the wafer with a first insulat-
ing film interposed therebetween and a second gate
electrode formed on the first gate electrode with a
second insulating film interposed therebetween;

(b) converting a program developed by a customer into
data;
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(¢) writing memory information into the corresponding
nonvolatile memory in a probe test process and there-
after probe-testing the semiconductor device having the
nonvolatile memory; and

(d) passivating an erase circuit and a write circuit to

thereby disable rewriting of the memory information.

11. The method according to claim 10, wherein each of
the memory cells is substantially identical in structure to
each of memory cells of a flash memory.

12. The method according to claim 10, wherein after
conversion of the program developed by the customer into
the data, the memory information is directly transferred to a
probe test device, based on instructions issued from a
production management system.

13. The method according to claim 10, wherein in said
step (b), test items or product standards employed in the
probe test are created in addition to the memory information
written into the nonvolatile memory.

14. The method according to claim 10, further including
the steps of:

(e) assembling the semiconductor devices each having the
nonvolatile memory; and

(f) screening the semiconductor devices each having the

nonvolatile memory.

15. The method according to claim 14, wherein in said
step (b), test items or product standards employed in the
screening are created in addition to the memory information
written into the nonvolatile memory.

16. A method of fabricating a semiconductor device,
comprising the steps of:

(2) forming a logic circuit and an electrically reprogram-
mable ROM circuit each having substantially the same
structure in each of first and second chip areas on a
wafer;

(b) discretely or simultaneously executing a first electrical
operation test on the first and second chip areas in a
state of the water;
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(c) after said step (b), respectively electrically writing first
and second ROM pattern data corresponding to first
and second user’s uses into the ROM circuits in the first
and second chip areas respectively, as a step prior to or
below the first electrical operation test;

(d) dividing the wafer into the first and second chip areas
after said step (c); and

(e) executing a second electrical operation test on the

divided first and second chip areas respectively.

17. The method according to claim 16, wherein prior to
said step (d), the first and second ROM pattern data are made
unerasable or unreprogrammable according to an electrical
signal operation normally open to a user.

18. The method according to claim 16, wherein the first
and second ROM pattern data are identical to each other.

19. The method according to claim 16, wherein the first
and second ROM pattern data are different from each other.

20. The method according to claim 16, wherein the
electrically reprogrammable ROM circuit has a structure
corresponding to a flash memory circuit.

21. The method according to claim 16, wherein the
electrically reprogrammable ROM circuit has a structure
corresponding to a ferroelectric RAM circuit.

22. The method according to claim 16, wherein the
electrically reprogrammable ROM circuit has a structure
corresponding to an MRAM circuit.

23. The method according to claim 16, wherein a retention
test is unexecuted on the electrically reprogrammable ROM
circuit before at least said step (d).

24. The method according to claim 16, further including
a step of:

(f) executing a retention test on the electrically repro-
grammable ROM circuit as a step prior to said step (d)
and after said step (c) or therebelow.



