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Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to a
semiconductor device production method and a semi-
conductor device, and more particularly to a production
method of a semiconductor device in which an adjusta-
ble circuit, having a circuit element with electric proper-
ties adjustable through a laser trimming, is formed on a
semiconductor chip, and to the semiconductor device
produced by the method of production.

Background Art

[0002] Such a production method for a semiconductor
package is disclosed in US 5,295,387, in which resistors
are laser trimmed at two different temperatures in two
stations. A trimming laser beam normal to the a sub-
strate on which the semiconductor package is located
is directed onto the substrate to trim the resistor while
the package is being vibrated. The laser beam has a
finite range where the depth of focus of the beam is suit-
able for resistor trimming and the amplitude of vibration
is much smaller than that range to permit trimming dur-
ing the mechanical excitation. Alternatively, the ampli-
tude of vibration is larger than the depth of focus and
the operation of the laser is synchronised with the mo-
tion of the substrate to turn on the laser only when the
resistor being trimmed is within the range of the depth
of focus.
[0003] For performing the trimming the package is
formed of an aluminium base with a mounting structure,
an elevated table surface for supporting a substrate and
a well for receiving a semiconductor unit. A trough sur-
rounds the table surface and the well to provide a seat
for a glass filled polyester housing which is open at the
top and bottom and which is adhesively secured in the
trough. The upper rim of the housing has a groove for
receiving a cover, which is added to the structure after
calibration.
[0004] One example for a composite circuit board with
a trimmable resistor is described in JP 03114251. The
board is constituted in such a way that a parts block is
formed of a resin body of a resin having heat deforma-
tion properties and a trimmable resistor is buried in the
resin body. The parts are united to one body by thermo-
compression boding, etc.. When the resistor is irradiat-
ed with a laser beam while the electric characteristics of
the composite circuit board are measured, the resistor
can be trimmed and the electric characteristics of the
parts block can be set to desired values.

BACKGROUND OF THE INVENTION

[0005] As disclosed in Japanese Laid-Open Utility
Model Application No.6-13148, there is known a semi-
conductor device in which a semiconductor chip is pack-

aged or molded with a transparent material. FIG. 3
shows such a semiconductor device that is disclosed in
the above-mentioned publication.
[0006] In the semiconductor device of FIG. 3, an IC
(integrated circuit) chip is packaged or molded with a
transparent plastic material. The wafer chip within the
semiconductor device is visible from a corresponding
portion 1A for the transparent plastic material, and only
the portion 1A can penetrate a UV (ultraviolet) light. The
remaining portions 5A of the upper surface of the sem-
iconductor device are coated, printed or vacuum-depos-
ited with an opaque material so that the remaining por-
tions are opaque to external light.
[0007] In the semiconductor device disclosed in the
above publication, the IC chip packaged with the trans-
parent plastic material is an EP-ROM (erasable pro-
grammable read-only memory) in which data of the in-
tegrated circuit (IC) on the semiconductor device is
erasable by irradiating UV light externally to the IC
through the transparent plastic portion.
[0008] Further, as disclosed in Japanese Laid-Open
Patent Application No.5-94905, there is known a pro-
duction method that produces a semiconductor device
including an adjustable resistor formed on a semicon-
ductor chip, the adjustable resistor having electric re-
sistance adjustable through a laser trimming. FIG. 4
shows such a production method that is disclosed in the
above-mentioned publication.
[0009] As shown in FIG. 4, in the conventional pro-
duction method, a semiconductor device 2B on a sub-
strate 1B is coated with an opaque resin 5B, and a re-
sistor 3B is separately formed on the substrate 1B. After
the coating is performed, a laser beam 6B is irradiated
to the resistor 3B to cut part of the resistor 3B so that
the electric resistance of the resistor 3B is adjusted
through the laser trimming. It is possible for the conven-
tional production method to adjust the resistance of the
resistor 3B without altering the adjustment resistance
values of the semiconductor device 2B that are already
finalized.
[0010] In the conventional production method of FIG.
4, a tester 7B is used to observe the resistance values
of the semiconductor device 2B before and after the la-
ser trimming is performed. The opaque resin 5B which
fully covers the semiconductor device 2B serves to in-
hibit the laser beam 6B from influencing the resistance
values of the semiconductor device 2B.
[0011] In the IC chip requiring the laser trimming (or
the semiconductor device of the above type), the adjust-
able circuit including a circuit element, such as a fuse
or a wiring, is formed on the semiconductor chip, and
the electric properties of the circuit element, such as
voltage, current or frequency values, are adjustable
through the laser trimming. Herein, the laser trimming
means that the whole or a part of the circuit element be
cut away by irradiation of a laser beam. However, it is
possible to extend the meaning of the laser trimming to
include connection or welding operations to establish a
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connection of the wiring by irradiation of a laser beam.
[0012] In the above-described semiconductor device,
the laser trimming is normally performed with the sem-
iconductor chip in the wafer condition, and thereafter the
assembly process is performed so that the semiconduc-
tor device is packaged.
[0013] More specifically, when the delivery of the
products or samples of the semiconductor device of the
above type to the customer is needed, it is necessary to
perform the laser trimming with the semiconductor chip
in the wafer condition, so that the electric properties of
the adjustable circuit element in the semiconductor de-
vice, such as voltage, current or frequency values, are
adjusted by the laser trimming so as to be in conformity
with the customer's demanded values. Hereinafter, the
needed laser trimming operation is called the user cus-
tomizing operation.
[0014] When performing the user customizing opera-
tion, the laser trimming is performed with the semicon-
ductor chip in the wafer condition to meet the customer
demands, and thereafter the assembly process is per-
formed so that the semiconductor chip is packaged. Fi-
nally, the final test is conducted, and the products or
samples of the semiconductor device, passing the final
test, are delivered to the customer.
[0015] In the assembly process, the semiconductor
chip is cut off from the wafer, and the semiconductor chip
is mounted on the tab. After the mounting is performed,
the wire bonding is performed between the semiconduc-
tor chip, mounted on the tab, and the lead frame. After
the wire bonding is performed, the semiconductor chip,
connected to the lead frame by the wires, is packaged
with the resin or molding material. Hereinafter, the as-
sembly process will be considered as the assembly
process including these steps.
[0016] In the final test, it is determined whether the
semiconductor chip that is packaged with the resin ma-
terial at the end of the assembly process meets the cus-
tomer demands. Then, the products or samples of the
semiconductor device passing the final test are deliv-
ered to the customer.
[0017] However, in the semiconductor device of FIG.
3, the data of the integrated circuit on the EP-ROM is
erasable by irradiating UV light externally to the IC
through the transparent plastic portion 1A. Hence, the
UV light used in the semiconductor device of FIG. 3 is
quite different from the laser beam used in the semicon-
ductor device in which the adjustable circuit having the
circuit element with electric properties adjustable
through the laser trimming is formed on the semicon-
ductor chip.
[0018] Further, in the semiconductor device produc-
tion method of FIG. 4, the opaque resin 5B which fully
covers the semiconductor device 2B serves to inhibit the
laser beam 6B from influencing the resistance values of
the semiconductor device 2B. It is impossible to adjust
the resistance values of the semiconductor device 2B
by irradiating the laser beam to the semiconductor de-

vice 2B through the opaque resin 5B. There is a problem
in that it is difficult for the production method of FIG. 4
to perform the laser trimming for adjusting the electric
properties of the circuit elements in the semiconductor
device 2B that is fully covered with the opaque resin 5B.
[0019] As described above, in a conventional produc-
tion method, when performing the user customizing op-
eration, the laser trimming is performed with the semi-
conductor chip in the wafer condition to meet the cus-
tomer demands, the assembly process is subsequently
performed so that the semiconductor chip is packaged,
and finally, the final test is conducted so that the prod-
ucts or samples of the semiconductor device, passing
the final test, are delivered to the customer. Normally,
when the conventional production method is used, it
takes one through three months from the receiving of
the customer's order to the delivery of the products or
samples to the customer. The above conventional pro-
duction method is difficult to provide speedy delivery of
the products or samples to the customer in response to
the customer's order. Further, it is difficult to obtain the
customer satisfaction with the conventional production
method.
[0020] A conceivable method for shortening the peri-
od from the receiving of the customer's order to the de-
livery of the products or samples to the customer is to
always prepare a large stock for each of the samples of
the semiconductor device that are expected to respec-
tively meet various kinds of the customer demands.
However, the cost for the preparation of the large stock
is significantly increased. In addition, the conventional
production method which requires the repetitive user
customizing operation, including the laser trimming, the
assembly process and the final test, each time the cus-
tomer's order is received, is not efficient in increasing
the productivity.
[0021] In the above-described user customizing oper-
ation, the packaging of the semiconductor chip with the
resin material is performed after the laser trimming is
performed. The electric properties of the circuit element
adjusted by the laser trimming may be considerably in-
fluenced by the stress or heat produced during the pack-
aging process. If the electric properties of the circuit el-
ement are changed by the stress or heat during the
packaging process, it is very difficult to restore the elec-
tric properties of the circuit element adjusted by the laser
trimming.

SUMMARY OF THE INVENTION

[0022] In order to overcome the problems described
above, preferred embodiments of the present invention
as claimed in claims 1 and 8 provide an improved sem-
iconductor device production method which reduces the
amount of stock needed for each of the samples of the
semiconductor device that are expected to respectively
meet various kinds of the customer demands, and short-
ens the period from the receiving of the customer's order
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to the delivery of the products or samples to the custom-
er in order to allow speedy delivery of the products or
samples to the customer in response to the customer's
order.
[0023] Another object of the present invention is to
provide an improved semiconductor device which re-
duces the amount of stock needed for each of the sam-
ples of the semiconductor device that are expected to
respectively meet various kinds of the customer de-
mands, and shortens the period from the receiving of
the customer's order to the delivery of the products or
samples to the customer in order to allow speedy deliv-
ery of the products or samples to the customer in re-
sponse to the customer's order.
[0024] Another object of the present invention is to
provide a semiconductor device production method and
a semiconductor device which eliminates the need to
always prepare a large stock for each of the samples of
the semiconductor device that are expected to respec-
tively meet various kinds of the customer demands, so
that the amount of the stock is effectively reduced.
[0025] Another object of the present invention is to
provide a semiconductor device production method and
a semiconductor device which can restore the electric
properties of the circuit element of the adjustable circuit
to the initial level by a subsequent laser trimming even
when the electric properties of the circuit element ad-
justed by the initially performed laser trimming are
changed by the stress or heat during an extended period
of time.
[0026] The above-mentioned objects of the present
invention are achieved by a semiconductor device pro-
duction method for producing a semiconductor device
in which an adjustable circuit is formed on a semicon-
ductor chip, the adjustable circuit having a circuit ele-
ment with electric properties that are adjustable through
a laser trimming, the production method including the
steps of: packaging the semiconductor chip with a trans-
parent material which penetrates a laser beam within a
predetermined range of wavelength having sufficient
energy to cut part of the adjustable circuit; and trimming
part of the adjustable circuit to obtain a target value for
the adjustable circuit by focusing, after the packaging
step, the laser beam onto the adjustable circuit from an
upper surface of the semiconductor chip through the
transparent material.
[0027] According to the semiconductor device pro-
duction method of the above preferred embodiment, the
assembly process is performed, in advance, for the
semiconductor device to which the laser trimming is not
entirely or partially performed, and a small stock of prod-
ucts or samples of the semiconductor device is pre-
pared. At the time of receiving of the customer's order,
the user customizing operation is performed for the
stock of the products or samples of the semiconductor
device so that the laser trimming is performed to meet
the customer demands. The assembly process of the
user customizing operation required by the conventional

production method is no longer needed. After the laser
trimming is performed, the final test is conducted so that
the products or samples of the semiconductor device,
passing the final test, are delivered to the customer.
Therefore, the semiconductor device production meth-
od of the above preferred embodiment is effective in re-
ducing the amount of stock needed and in shortening
the period from the receiving of the customer's order to
the delivery of the products or samples to the customer.
It is possible for the semiconductor device production
method of the above preferred embodiment to provide
speedy delivery of the products or samples to the cus-
tomer in response to the customer's order and to easily
obtain the customer satisfaction.
[0028] As the speedy delivery of the products or sam-
ples to the customer is possible, the semiconductor de-
vice production method of the above preferred embod-
iment is effective in eliminating the need to always pre-
pare a large stock for each of the samples of the semi-
conductor device that are expected to respectively meet
various kinds of the customer demands, and effective in
increasing the productivity.
[0029] According to the semiconductor device pro-
duction method of the above preferred embodiment,
even when the electric properties of the circuit element
of the adjustable circuit adjusted by an initially per-
formed laser trimming are changed by the stress or heat
during an extended period of time, the electric properties
of the circuit element can be restored to the initial level
by a subsequent laser trimming.
[0030] Further, the above-mentioned objects of the
present invention are achieved by a semiconductor de-
vice which includes a semiconductor chip and an adjust-
able circuit provided on the semiconductor chip, the ad-
justable circuit having a circuit element with electric
properties that are adjustable through a laser trimming,
wherein the semiconductor chip is packaged with a
transparent material which penetrates a laser beam
within a predetermined range of wavelength having suf-
ficient energy to cut part of the adjustable circuit, and
the semiconductor device is configured such that part
of the adjustable circuit is cut to obtain a target value for
the circuit element of the adjustable circuit by focusing,
after the packaging of the semiconductor chip, the laser
beam onto the adjustable circuit from an upper surface
of the semiconductor chip through the transparent ma-
terial.
[0031] According to the semiconductor device of the
above preferred embodiment, the assembly process, in-
cluding the packaging process, is performed, in ad-
vance, for the semiconductor chip to which the laser
trimming is not entirely or partially performed, and a
small stock of samples of the semiconductor device is
prepared. At the time of receiving of the customer's or-
der, the user customizing operation is performed for the
semiconductor device so that the laser trimming is per-
formed to meet the customer demands. After the laser
trimming is performed, the final test is conducted so that
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the products or samples of the semiconductor device,
passing the final test, are delivered to the customer.
Therefore, the semiconductor device of the above pre-
ferred embodiment is effective in reducing the amount
of stock needed and in shortening the period from the
receiving of the customer's order to the delivery of the
products or samples to the customer. It is possible for
the semiconductor device of the above preferred em-
bodiment to allow speedy delivery of the products or
samples to the customer in response to the customer's
order and to obtain the customer satisfaction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Other objects, features and advantages of the
present invention will be apparent from the following de-
tailed description when read in conjunction with the ac-
companying drawings.

FIG. 1 is a cross-sectional view of one preferred em-
bodiment of the semiconductor device of the inven-
tion.
FIG. 2A, FIG. 2B and FIG. 2C are diagrams for ex-
plaining steps of one preferred embodiment of the
semiconductor device production method of the in-
vention, which produces the semiconductor device
of FIG. 1.
FIG. 3 is a perspective view of a conventional sem-
iconductor device.
FIG. 4 is a diagram for explaining a conventional
semiconductor device production method.

PREFERRED EMBODIMENTS OF THE INVENTION

(FIRST PREFERRED EMBODIMENT)

[0033] A description will now be provided of a first pre-
ferred embodiment of the present invention with refer-
ence to the accompanying drawings.
[0034] FIG. 1 is a cross-sectional view of one pre-
ferred embodiment of the semiconductor device of the
invention.
[0035] In the semiconductor device of FIG. 1, an ad-
justable circuit 12, which has a circuit element with elec-
tric properties that are adjustable through a laser trim-
ming, is formed on a semiconductor chip. The semicon-
ductor chip is packaged with a transparent material 14,
which penetrates a laser beam 13 within a predeter-
mined range of wavelength (between λ1 and λ2) having
sufficient energy to cut part of the adjustable circuit 12.
[0036] The electric properties of the circuit element of
the adjustable circuit that are adjustable through the la-
ser trimming in the present embodiment may be detec-
tion voltage values, output voltage values, oscillation
frequency values, or output current values.
[0037] The semiconductor device of the present em-
bodiment may be one of various integrated circuits (IC),
including a voltage regulator IC, a voltage detector IC,

a DC/DC converter IC and a constant current IC, or one
of various sensors, including a temperature sensor, a
humidity sensor, a gas sensor and an acceleration sen-
sor. In the following description, suppose that the sem-
iconductor device of FIG. 1 is a voltage regulator 10.
[0038] On the semiconductor chip 11 of the voltage
regulator 10 in the present embodiment, as shown in
FIG. 1, a fuse, a wiring or a resistor for the laser trimming
is formed as the adjustable circuit 12 having such circuit
element with the electric properties that are adjustable
through the laser trimming. The fuse, the wiring or the
resistor is formed on the semiconductor chip 11 and pro-
vided for the laser trimming. When the laser beam 13 is
focused onto the fuse, the wiring or the resistor during
the laser trimming, the electric properties of the fuse,
the wiring or the resistor, such as the detection voltage
values, the output voltage values, the oscillation fre-
quency values or the output current values, are adjusted
to a target value of the electric properties.
[0039] The material of the fuse, the wiring or the re-
sistor in the present embodiment may be one of various
metals, including aluminum (Al), gold (Au), copper (Cu),
platinum (Pt), titanium (Ti) and tungsten (W), polysilicon,
silicon diffusion layers, or the like.
[0040] The material of a protective layer on the top of
the fuse, the wiring or the resistor in the present embod-
iment may be one of conventional protective layer ma-
terials, including a silicon dioxide (SiO2) layer, a PSG
layer, a BPSG layer and a silicon nitride (SiN) layer. The
dielectric layers or passivation layers conventionally
used between the wirings may be used as the protective
layer for the adjustable circuit 12. Preferably, the non-
rigid, film-type protective layer is suitable, and the thick-
ness of the protective layer on the top of the fuse, the
wiring or the resistor may be the same as or slightly larg-
er than that of the conventional protective layers. In ad-
dition, a polyimide layer may be used as the protective
layer for the adjustable circuit 12 if the thickness of the
polyimide layer is reduced to a reasonable level. If the
polyimide layer has a substantially large thickness on
the top of the fuse, it may reduce the transmittancy of
the laser beam within the adjustable circuit 12.
[0041] A typical example of the adjustable circuit 12
included in the voltage regulator 10 of the present em-
bodiment may be a ladder resistor that is provided for
adjustment of the reference voltage or the reference cur-
rent of the voltage regulator 10.
[0042] In the following description, suppose that the
adjustable circuit in the voltage regulator 10 of the
present embodiment is a ladder resistor 12, and that,
through the laser trimming, part of the ladder resistor 12
is cut to obtain a target value of resistance of the ladder
resistor for the voltage regulator 10.
[0043] The laser, which is used for the laser trimming
in the present embodiment, may be a solid-state laser,
such as a YAG (yttrium aluminum garnet) laser (the ba-
sic oscillation wavelength = 1.06 µ m), or a gas laser,
such as a CO2 laser (the basic oscillation wavelength =

7 8



EP 1 069 618 B1

6

5

10

15

20

25

30

35

40

45

50

55

10.6 µm). In the following description, suppose that the
laser used in the laser trimming is the YAG laser. The
basic oscillation wavelength of the YAG laser is about
1064 nm. When the second harmonic of the YAG laser
is used, the second harmonic wavelength thereof is
about 532 nm (= 1064/2). When the third harmonic of
the YAG laser is used, the third harmonic wavelength
thereof is about 355 nm (1064/3). Hence, the predeter-
mined range of wavelength of the laser beam 13 in the
present embodiment is approximately in a range be-
tween 300 nm and 1100 nm.
[0044] The transparent material 14, which is used for
the packaging of the semiconductor chip 11 in the
present embodiment, has a transmittancy to penetrate
the laser beam 13 within the predetermined range of
wavelength (approximately in the range between 300
nm and 1100 nm) having sufficient energy to cut part of
the adjustable circuit 12 on the semiconductor chip 11.
The transparent material 14 in the present embodiment
has a sufficiently low rate of absorption of energy to the
laser beam 13. Preferably, the rate of absorption of en-
ergy of the transparent material 14 that is below 20% is
suitable for practical applications. The transparent ma-
terial 14 in the present embodiment is an epoxy resin
sealing material that meets the above-mentioned re-
quirements on the transmittancy and the rate of absorp-
tion of energy.
[0045] Next, a description will be given of one pre-
ferred embodiment of the semiconductor device produc-
tion method of the invention for producing the voltage
regulator 10 of FIG. 1.
[0046] FIG. 2A, FIG. 2B and FIG. 2C are diagrams for
explaining steps of one preferred embodiment of the
semiconductor device production method of the inven-
tion for producing the voltage regulator 10 of FIG. 1.
[0047] The packaging method, which is used in the
production method of the present embodiment, may be
one of various packaging methods, including transfer
molding, potting, dipping and injection molding. The
packaging material, which is used in the production
method of the present embodiment, may be firmly at-
tached to the above-mentioned protective layer on the
top of the fuse, the wiring or the resistor after the pack-
aging process is performed. Alternatively, the packaging
material may not come into direct contact with the pro-
tective layer after the packaging process is performed.
In such alternative embodiment, an internal space may
exist between the packaging material and the protective
layer, and the internal space may be filled with an inert
gas or the like.
[0048] The form of the package 14, which is used in
the production method of the present embodiment, may
be one of a wide variety of forms including a chip size
package (CSP), a ball grid array (BGA) package, a quad
flat package (QFP), a small outline package (SOP), and
a dual in-line package (DIP).
[0049] At a start of the semiconductor device produc-
tion method of the present embodiment, the assembly

process is performed. In the assembly process, the
semiconductor chip 11 is cut off from the wafer, and the
semiconductor chip 11 is mounted on the tab 17. After
the mounting is performed, the wire bonding is per-
formed between the semiconductor chip 11, mounted
on the tab 17, and the lead frame 16, so that electric
connections between the semiconductor chip 11 and the
lead frame 16 are established by wires 15 as shown in
FIG. 2A. After the wire bonding is performed, the semi-
conductor chip 11, which is connected to the lead frame
16 by the wires 15, is packaged with the epoxy resin
sealing material 14 (the transparent material) as shown
in FIG. 2B. As described above, the assembly process,
which is performed in the semiconductor device produc-
tion method of the present embodiment, includes the
cutting step, the mounting step, the wire bonding step
and the packaging step.
[0050] After the packaging process is performed, the
laser trimming is performed in the semiconductor device
production method of the present embodiment. Through
the laser trimming, part of the ladder resistor 12 is cut
to obtain a target value of resistance of the ladder resis-
tor 12 for the voltage resistor 10. Specifically, as shown
in FIG. 2C, the ladder resistor 12 is formed on the sem-
iconductor chip 11 in the voltage regulator 10, and part
of the ladder resistor 12 is cut to obtain a target value
of resistance of the ladder resistor 12 by focusing the
laser beam 13 onto the ladder resistor 12 from the upper
surface of the semiconductor chip 11 through the trans-
parent material 14.
[0051] In the semiconductor device production meth-
od of the present embodiment, the packaging process
is performed for the voltage regulator 10 to which the
laser trimming is not entirely or partially performed. In
the packaging process of the present embodiment, a
transparent-type epoxy resin sealing material 14, not
the black epoxy resin sealing material that is commonly
used, is used. Hence, in the semiconductor device pro-
duction method of the present embodiment, it is possible
to carry out the laser trimming for the semiconductor de-
vice after the packaging process is performed.
[0052] In the semiconductor device production meth-
od of the present embodiment, the packaging process
is performed so that the semiconductor chip 11 is pack-
aged with the transparent epoxy resin sealing material
14, which penetrates the YAG laser beam 13 within the
predetermined range of wavelength (approximately in
the range between 300 nm and 1100 nm as described
above) having sufficient energy to cut part of the ladder
resistor 12. Then, the package of the semiconductor
chip 11 is formed into a predetermined configuration.
[0053] In the semiconductor device production meth-
od of the present embodiment, after the packaging proc-
ess is performed, the trimming process is performed so
that part of the ladder resistor 12 is cut or cut off to obtain
a target value of resistance of the ladder resistor 12 by
focusing the YAG laser beam 13 onto the ladder resistor
12 from the upper surface of the semiconductor chip 11
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through the transparent epoxy resin sealing material 14.
[0054] After the trimming process is performed, the
transparent package of the semiconductor chip 11 may
be used without modification. Alternatively, when the ne-
cessity arises, the transparent package of the semicon-
ductor chip 11 after the trimming process is performed
may be coated, printed or vacuum-deposited with an
opaque material.
[0055] According to the semiconductor device pro-
duction method of the above-described embodiment, a
small stock of the products or samples of the voltage
regulator 10 for which the assembly process, including
the packaging process, is performed, in advance, with-
out performing the trimming process for the semicon-
ductor chip 11, is prepared, and at the time of receiving
of the customer's order, the user customizing operation
is performed for the stock of the products or samples of
the voltage regulator 10 in order of the laser trimming
and the final test. The assembly process of the user cus-
tomizing operation required by the conventional produc-
tion method is no longer needed. After the laser trim-
ming is performed, the final test is conducted so that the
products or samples of the voltage regulator 10, passing
the final test, are delivered to the customer.
[0056] In the final test, which is performed in the sem-
iconductor device production method of the present em-
bodiment, it is determined whether the resistance of the
ladder resistor 12 on the semiconductor chip 11 for
which the laser trimming is performed meets the cus-
tomer demanded value.
[0057] As described in the foregoing, according to the
semiconductor device production method of the present
embodiment, the packaging process is performed, in
advance, for the semiconductor chip for which the laser
trimming is not entirely or partially performed, and a
small stock of products or samples of the semiconductor
device is prepared, and, at the time of receiving of the
customer's order, the user customizing operation is per-
formed for the stock of the products or samples of the
semiconductor device so that the laser trimming is per-
formed to meet the customer demands. The assembly
process of the user customizing operation required by
the conventional production method is no longer need-
ed. After the laser trimming is performed, the final test
is conducted so that the products or samples of the sem-
iconductor device, passing the final test, are delivered
to the customer.
[0058] Accordingly, the semiconductor device pro-
duction method and the semiconductor device of the
above-described embodiment are effective in reducing
the amount of stock needed and in shortening the period
from the receiving of the customer's order to the delivery
of the products or samples to the customer. It is possible
for the semiconductor device production method and
the semiconductor device of the above-described em-
bodiment to provide speedy delivery of the products or
samples to the customer in response to the customer's
order and to easily obtain the customer satisfaction.

[0059] As the speedy delivery of the products or sam-
ples to the customer is possible, the semiconductor de-
vice production method and the semiconductor device
of the above-described embodiment are effective in
eliminating the need to always prepare a large stock for
each of the samples of the semiconductor device that
are expected to respectively meet various kinds of the
customer demands, and effective in increasing the pro-
ductivity.
[0060] According to the semiconductor device pro-
duction method and the semiconductor device of the
above-described embodiment, even when the electric
properties of the circuit element of the adjustable circuit
adjusted by an initially performed laser trimming are
changed by the stress or heat during an extended period
of time, the electric properties of the circuit element can
be restored to the initial level by a subsequent laser trim-
ming.

(SECOND PREFERRED EMBODIMENT)

[0061] Next, a description will be provided of a second
preferred embodiment of the voltage regulator 10 of the
invention. In the following description, the elements
which are essentially the same as corresponding ele-
ments in the first preferred embodiment are designated
by the same reference numerals, and a duplicate de-
scription thereof will be omitted.
[0062] In the voltage regulator 10 of the present em-
bodiment, the transparent material 14, which is the
transparent epoxy resin-sealing material in the first pre-
ferred embodiment, is constituted by a molded resin with
a satin finished surface. When the semiconductor chip
11 is packaged with the molded resin, the resulting pack-
age 14 of the molded resin that fully covers the semi-
conductor chip 11 has a satin finished surface. The satin
finished surface of the package 14 reflects light to some
extent but is not very shiny like a frosted glass. When
the molded resin package 14 of the semiconductor chip
11 has the satin finished surface, the YAG laser beam
13 is reflected on the satin finished surface of the pack-
age 14 and it is hard to focus the YAG laser beam 13
onto the adjustable circuit 12 from the upper surface of
the semiconductor chip 11 through the package 14.
[0063] To eliminate the problem, in the voltage regu-
lator 10 of the present embodiment, a surface treatment
is performed for the satin finished surface of the molded
resin package 14 of the semiconductor chip 11 after the
packaging process is performed and before the trim-
ming process is performed. The surface treatment is
performed by applying one of water or oil to the satin
finished surface of the transparent material 14 to which
the YAG laser beam 13 is incident in the subsequent
trimming process, so as to allow the satin finished sur-
face of the transparent material 14 after the surface
treatment is performed to easily pass through the YAG
laser beam 13. This process is called the surface treat-
ing process. In the semiconductor device production
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method of the second preferred embodiment of the in-
vention, the above-described surface treating process
is added following the packaging process and preceding
the trimming process.
[0064] In the following description, suppose that the
transparent material 14, which is used in the semicon-
ductor device production method of the present embod-
iment, is the molded resin 14 with the satin finished sur-
face.
[0065] The molded resin 14 with the satin finished sur-
face in the present embodiment, after the above-de-
scribed surface treating process is performed, has a
transmittancy to penetrate the YAG laser beam 13 within
the predetermined range of wavelength (approximately
in the range between 300 nm and 1100 nm) having suf-
ficient energy to cut part of the adjustable circuit 12 on
the semiconductor chip 11. The molded resin 14 with
the satin finished surface in the present embodiment,
after the above-described surface treating process is
performed, has a sufficiently low rate of absorption of
energy to the YAG laser beam 13. Preferably, the rate
of absorption of energy of the molded resin 14 that is
below 20% is suitable for practical applications.
[0066] The packaging method and the form of the
package (the molded resin 14), which are used in the
semiconductor device production method of the present
embodiment, are essentially the same as those of the
first preferred embodiment.
[0067] The assembly process, which is performed in
the semiconductor device production method of the
present embodiment, is essentially the same as that of
the first preferred embodiment.
[0068] After the packaging process is performed, the
satin finished surface of the molded resin package 14
to which the YAG laser beam 13 is incident is surface
treated by applying one of water and oil to the satin fin-
ished surface of the molded resin package 14, so as to
allow the satin finished surface of the package 14 to eas-
ily pass through the YAG laser beam 13.
[0069] After the surface treating process is per-
formed, the laser trimming, which is similar to that of the
first preferred embodiment, is performed in the present
embodiment. Through the laser trimming, part of the lad-
der resistor 12 is cut to obtain a target value of resist-
ance of the ladder resistor 12 for the voltage resistor 10.
[0070] In the semiconductor device production meth-
od of the present embodiment, the surface treating proc-
ess is performed after the packaging process is per-
formed. In the surface treating process, the satin fin-
ished surface of the molded resin package 14 to which
the YAG laser beam 13 is incident is surface treated by
applying one of water and oil to the satin finished surface
of the molded resin package 14, so as to allow the satin
finished surface of the package 14 after the surface
treatment to easily pass through the YAG laser beam 13.
[0071] In the semiconductor device production meth-
od of the present embodiment, after the surface treating
process is performed, the trimming process is per-

formed so that part of the ladder resistor 12 is cut or cut
off to obtain a target value of resistance of the ladder
resistor 12 by focusing the YAG laser beam 13 onto the
ladder resistor 12 from the upper surface of the semi-
conductor chip 11 through the molded resin package 14
which is surface treated by applying one of water and
oil to the satin finished surface of the package 14.
[0072] Accordingly, the semiconductor device pro-
duction method of the above-described embodiment
achieves the advantageous features that are essentially
the same as those of the semiconductor device produc-
tion method of the first preferred embodiment.
[0073] As described in the foregoing, according to the
semiconductor device production method of the present
invention, the packaging process is performed, in ad-
vance, for the semiconductor chip for which the laser
trimming is not entirely or partially performed, and a
small stock of products or samples of the semiconductor
device is prepared, and, at the time of receiving of the
customer's order, the user customizing operation is per-
formed for the stock of the products or samples of the
semiconductor device so that the laser trimming is per-
formed to meet the customer demands. The assembly
process of the user customizing operation required by
the conventional production method is no longer need-
ed. After the laser trimming is performed, the final test
is conducted so that the products or samples of the sem-
iconductor device, passing the final test, are delivered
to the customer.
[0074] Accordingly, the semiconductor device pro-
duction method and the semiconductor device of the
present invention are effective in reducing the amount
of stock needed and in shortening the period from the
receiving of the customer's order to the delivery of the
products or samples to the customer. It is possible for
the semiconductor device production method and the
semiconductor device of the present invention to pro-
vide speedy delivery of the products or samples to the
customer in response to the customer's order and to
easily obtain the customer satisfaction.
[0075] As the speedy delivery of the products or sam-
ples to the customer is possible, the semiconductor de-
vice production method and the semiconductor device
of the present invention are effective in eliminating the
need to always prepare a large stock for each of the
samples of the semiconductor device that are expected
to respectively meet various kinds of the customer de-
mands, and effective in increasing the productivity.
[0076] According to the semiconductor device pro-
duction method and the semiconductor device of the
present invention, even when the electric properties of
the circuit element of the adjustable circuit adjusted by
an initially performed laser trimming are changed by the
stress or heat during an extended period of time, the
electric properties of the circuit element can be restored
to the initial level by a subsequent laser trimming.
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Claims

1. A semiconductor device production method for pro-
ducing a semiconductor device (10) which is pack-
aged and in which an adjustable circuit (12) is
formed on a semiconductor chip (11), the adjustable
circuit having a circuit element with electric proper-
ties that are adjustable through a laser trimming, the
production method comprising the steps of:

packaging the semiconductor chip (11) with a
transparent material (14) allowing penetration
of a laser beam (13) within a predetermined
range of wavelength having sufficient energy to
cut part of the adjustable circuit (12), wherein
the transparent material (14) has a sufficient
low rate of absorption of energy of the laser
beam (13) and fully covers the semiconductor
chip (11) after the packaging step; and
trimming part of the adjustable circuit (12) to ob-
tain a target value for the adjustable circuit (12)
by focusing, after the packaging step, the laser
beam (13) onto the adjustable circuit (12)
through the transparent material (14).

2. The production method according to claim 1,
wherein the transparent material (14) forms an in-
ternal space between the semiconductor chip (11)
and the transparent material (14).

3. The production method according to claim 1,
wherein an transparent package of the semicon-
ductor device (10) is coated, printed or vacuum-de-
posited with an opaque material.

4. The production method according to claim 1,
wherein the transparent material (14) comprises an
epoxy resin sealing material, and a rate of absorp-
tion of energy of said transparent material (14) to
the laser beam (13) is below 20%.

5. The production method according to claim 1,
wherein the transparent material (14) comprises a
moulded resin with a satin finished surface, and a
rate of absorption of energy of said transparent ma-
terial (14) to the laser beam (13) is below 20%.

6. The production method according to claim 5, further
comprising a step of surface treating, following the
packaging step and preceding the trimming step,
the satin finished surface of the transparent material
(14) to which the laser beam (13) is incident by ap-
plying one of water and oil to the satin finished sur-
face of the transparent material (14), so as to allow
the penetration of the laser beam (13) through the
satin finished surface of the transparent material
(14) after the surface treatment.

7. The production method according to claim 1,
wherein the predetermined range of wavelength of
the laser beam (13) is in a range between 300 nm
and 1100 nm.

8. A semiconductor device sealed in a package, com-
prising

a semiconductor chip (11); and
an adjustable circuit (12) provided on the sem-
iconductor chip (11), the adjustable circuit (12)
having a circuit element with electric properties
that are adjustable through a laser trimming,
characterized in, that
the package of the semiconductor chip (11) is
formed of a transparent material (14), allowing
penetration of a laser beam (13) within a pre-
determined range of wavelength having suffi-
cient energy to cut part of the adjustable circuit
(12), and wherein the transparent material (14)
has a sufficient low rate of absorption of energy
of the laser beam (13) and fully covers the sem-
iconductor chip (11) after the packaging step;
and
the semiconductor device (10) comprises a tar-
get value for the circuit element of the adjusta-
ble circuit (12), which is obtained by focusing,
after the packaging of the semiconductor chip
(11), the laser beam (13) onto the adjustable
circuit (12) through the transparent material
(14).

9. A semiconductor device according to claim 8,
wherein an internal space is formed by the trans-
parent material (14) between the semiconductor
chip (11) and the transparent material (14).

10. A semiconductor device according to claim 8 or 9,
wherein the transparent package of the semicon-
ductor device (10) is coated, printed or vacuum-de-
posited with an opaque material.

Patentansprüche

1. Halbleiterbauelement-Produktionsverfahren zum
Produzieren eines Halbleiterbauelements (10), das
eingepackt ist bzw. in einem Gehäuse ist und bei
dem eine einstellbare bzw. justierbare Schaltung
(12) auf einem Halbleiterchip (11) ausgebildet ist,
wobei die einstellbare Schaltung ein Schaltungs-
element mit elektrischen Eigenschaften hat, die
durch Lasertrimmen bzw. Laserabgleich einstellbar
bzw. justierbar sind, wobei das Herstellungsverfah-
ren die folgenden Schritte aufweist:

der Halbleiterchip (11) wird mit einem transpa-
renten Material (14) gepackt bzw. mit einem
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Gehäuse aus transparentem Material umge-
ben, das ein Durchdringen eines Laserstrahls
(13) innerhalb eines vorbestimmten Bereichs
einer Wellenlänge erlaubt, wobei dieser ausrei-
chend Energie hat, um einen Teil der einstell-
baren Schaltung (12) zu schneiden bzw. abzu-
schneiden, wobei das transparente Material
(14) eine ausreichend niedrige Rate bzw. einen
ausreichend niedrigen Grad der Absorption der
Energie des Laserstrahls (13) hat und vollstän-
dig den Halbleiterchip (11) nach dem Pak-
kungsschritt abdeckt; und
ein Teil der einstellbaren bzw. justierbaren
Schaltung (12) wird getrimmt bzw. abgegli-
chen, um einen Sollwert für die einstellbare
bzw. justierbare Schaltung (12) zu erhalten, in-
dem nach dem Packungsschritt bzw. Gehäuse-
umgeben-Schritt der. Laserstrahl (13) auf die
justierbare Schaltung (12) durch das transpa-
rente Material (14) fokussiert wird.

2. Produktionsverfahren nach Anspruch 1, bei wel-
chem das transparente Material (14) einen inneren
Raum zwischen dem Halbleiterchip (11) und dem
transparenten Material (14) ausbildet.

3. Produktionsverfahren nach Anspruch 1, bei wel-
chem ein transparentes Gehäuse der Halbleitervor-
richtung (10) mit einem lichtundurchlässigen Mate-
rial bzw. undurchsichtigen Material überzogen wird,
gedruckt wird, oder dieses mit Vakuumabscheidung
aufgebracht wird.

4. Produktionsverfahren nach Anspruch 1, bei wel-
chem das transparente Material (14) ein Epoxid-
harz-Dichtmaterial umfasst, und eine Rate bzw. ein
Grad der Absorption der Energie des transparenten
Materials (14) bezüglich des Laserstrahls (13) un-
terhalb von 20 % ist.

5. Produktionsverfahren nach Anspruch 1, bei wel-
chem das transparente Material (14) ein geformtes
bzw: gegossenes Harz mit einer seiden glänzenden
bzw. matt geschliffenen Oberfläche aufweist und
der Grad der Absorption der Energie des transpa-
renten Materials (14) bezüglich des Laserstrahls
(13) unterhalb 20 % ist.

6. Produktionsverfahren nach Anspruch 5, das weiter
einen Schritt umfasst, wonach eine Oberfläche
nach dem Packungsschritt bzw. Gehäuse-umge-
ben-Schritt und vor dem Trimmenschritt behandelt
wird, wobei die seiden glänzende bzw. matt ge-
schliffene Oberfläche des transparenten Materials
(14) auf das der Laserstrahl (13) einfällt, behandelt
wird, indem entweder ein Wasser oder ein Öl auf
die seiden glänzende bzw. matt geschliffene Ober-
fläche des transparenten Materials (14), angewen-

det wird, um so das Durchdringen des Laserstrahls
(13) durch die seiden glänzende bzw. matt geschlif-
fene Oberfläche des transparenten Materials (14)
nach der Oberflächenbehandlung zu erlauben.

7. Produktionsverfahren nach Anspruch 1, bei wel-
chem der vorbestimmte Bereich der Wellenlänge
des Laserstrahls (13) in einem Bereich zwischen
300 nm und 1100 nm ist.

8. Halbleiterbauelement, das in einem Gehäuse bzw.
einer Packung versiegelt ist und folgendes auf-
weist:

einen Halbleiterchip (11); und
eine einstellbare Schaltung (12), die auf dem
Halbleiterchip (11) vorgesehen ist, wobei die
einstellbare Schaltung (12) ein Schaltungsele-
ment mit elektrischen Eigenschaften hat, die
durch ein Lasertrimmen bzw. ein Laserabgleich
einstellbar bzw. justierbar sind, dadurch ge-
kennzeichnet, dass
die Packung bzw. das Gehäuse des Halbleiter-
chips (11) aus einem transparenten Material
(14) ausgebildet ist, das ein Durchdringen ei-
nes Laserstrahls (13) innerhalb eines vorbe-
stimmten Bereichs von Wellenlängen mit aus-
reichender Energie, um einen Teil der einstell-
baren bzw. justierbaren Schaltung (12) zu
schneiden bzw. abzuschneiden, erlaubt, und
bei welchem das transparente Material (14) ei-
ne ausreichend niedrige Rate bzw. einen aus-
reichend niedrigen Grad der Absorption der En-
ergie des Laserstrahls (13) hat und vollständig
den Halbleiterchip (11) nach den Packungs-
schritt abdeckt; und
die Halbleitervorrichtung (10) einen Sollwert für
das Schaltelement der einstellbaren Schaltung
(12) aufweist, der erhalten wird, indem nach
dem Einpacken des Halbleiterchips (11) der La-
serstrahl (13) auf die einstellbare Schaltung
(12) durch das transparente Material (14) fo-
kussiert wird.

9. Halbleiterbauelement nach Anspruch 8, bei wel-
chem ein innerer Raum durch das transparente Ma-
terial (14) zwischen dem Halbleiterchip (11) und
dem transparenten Material (14) ausgebildet wird.

10. Halbleiterbauelement nach Anspruch 8 oder 9, bei
welchem die transparente Packung bzw. das trans-
parente Gehäuse des Halbleiterbauelements (10)
mit einen lichtundurchlässigen bzw. undurchsichti-
gen Material überzogen wird, bedruckt wird oder
dieses durch Vakuumabscheidung aufgebracht
wird.
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Revendications

1. Procédé de production de dispositif à semiconduc-
teur, permettant de produire un dispositif à semi-
conducteur (10) qui est mis sous boîtier et dans le-
quel un circuit ajustable (12) est formé sur une puce
semiconductrice (11), le circuit ajustable ayant un
élément de circuit dont les propriétés électriques
sont ajustables via un ajustage laser, le procédé de
production comprenant les opérations suivantes :

mettre sous boîtier la puce semiconductrice
(11) en utilisant un matériau transparent (14)
qui permet la pénétration d'un faisceau laser
(13) compris à l'intérieur d'une gamme prédé-
terminée de longueurs d'onde ayant suffisam-
ment d'énergie pour découper une partie du cir-
cuit ajustable (12), où le matériau transparent
(14) possède une vitesse suffisamment basse
d'absorption d'énergie du faisceau laser (13) et
recouvre complètement la puce semiconductri-
ce (11) après l'opération de mise sous boîtier, et
une partie d'ajustage du circuit ajustable (12)
servant à obtenir une valeur visée pour le circuit
ajustable (12) par focalisation, après l'opéra-
tion de mise sous boîtier, du faisceau laser (13)
sur le circuit ajustable (12) à travers le matériau
transparent (14).

2. Procédé de production selon la revendication 1, où
le matériau transparent forme un espace interne
entre la puce semiconductrice (11) et le matériau
transparent (14).

3. Procédé de production selon la revendication 1, où
un boîtier transparent du dispositif à semiconduc-
teur (10) fait l'objet d'un revêtement, d'une impres-
sion ou d'un dépôt sous vide au moyen d'un maté-
riau opaque.

4. Procédé de production selon la revendication 1, où
le matériau transparent (14) comprend un matériau
de scellement étanche en résine époxy, et le taux
d'absorption d'énergie dudit matériau transparent
(14) pour le faisceau laser (13) est en deçà de 20 %.

5. Procédé de production selon la revendication 1, où
le matériau transparent (14) comprend une résine
moulée ayant une surface de finition satinée et le
taux d'absorption d'énergie dudit matériau transpa-
rent (14) pour le faisceau laser (13) est en deçà de
20 %.

6. Procédé de production selon la revendication 5,
comprenant en outre une opération de traitement
de surface, faisant suite à l'opération de mise sous
boîtier et précédant l'opération d'ajustage, qui traite
la surface de finition satinée du matériau transpa-

rent (14) où tombe le faisceau laser (13) par appli-
cation de l'une des substances suivantes, à savoir
de l'eau et de l'huile, à la surface de finition satinée
du matériau transparent (14), de façon à permettre
la pénétration du faisceau laser (13) à travers la sur-
face de finition satinée du matériau transparent (14)
après le traitement de surface.

7. Procédé de production selon la revendication 1, où
l'intervalle prédéterminé de longueur d'onde du
faisceau laser (13) est compris dans l'intervalle de
300 nm à 1 100 nm.

8. Dispositif à semiconducteur hermétiquement scellé
dans un boîtier, comprenant :

une puce semiconductrice (11) ; et
un circuit ajustable (12) placé sur la puce semi-
conductrice (11), le circuit ajustable (12) ayant
un élément de circuit dont les propriétés élec-
triques sont ajustables par l'intermédiaire d'un
ajustage laser,

caractérisé en ce que :

le boîtier de la puce semiconductrice (11) est
formé d'un matériau transparent (14), autori-
sant la pénétration d'un faisceau laser (13)
compris dans une gamme prédéterminée de
longueurs d'onde ayant une énergie suffisante
pour couper une partie du circuit ajustable (12),
et en ce que le matériau transparent (14) pos-
sède une vitesse suffisamment basse d'ab-
sorption d'énergie du faisceau laser (13) et re-
couvre complètement la puce semiconductrice
(11) après l'opération de mise sous boîtier ; et
le dispositif à semiconducteur (10) comprend
une valeur visée pour l'élément de circuit du cir-
cuit ajustable (10), que l'on obtient en focali-
sant, après la mise sous boîtier de la puce
semiconductrice (11), le faisceau laser sur le
circuit ajustable (12) à travers le matériau
transparent (14).

9. Dispositif à semiconducteur selon la revendication
8, où un espace interne est formé par le matériau
transparent (14) entre la puce semiconductrice (11)
et le matériau transparent (14).

10. Dispositif à semiconducteur selon la revendication
8 ou 9, où le boîtier transparent du dispositif à semi-
conducteur (10) fait l'objet d'un revêtement, d'une
impression ou d'un dépôt sous vide au moyen d'un
matériau opaque.
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