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(57) Abstract: A boundary scan controller that allows a boundary scan to be executed and also
allows a semiconductor device to be manufactured in such a manner that the same type of
semiconductor circuit chips are stacked. Comparison means (88) is used to compare
identification data stored in memory means (85) with fixed data held in fixed data holding
means (87). When the identification data is coincident
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with the fixed data, a data deriving part (89) outputs the same data as an output part (86) does.
In a boundary scan test, a data deriving part (89) of a boundary scan controller (80) provided for
each semiconductor circuit chip is connected to the same bus line. When the identification data
is not coincident with the fixed data, the data deriving part (89) can be substantially
disconnected from the bus line. In the way, the same type of semiconductor circuit chips for
which the boundary scan controller (80) is provided can be stacked, thereby manufacturing the

semiconductor device.

(57) Abstract: A boundary scan controller is provided that allows a boundary scan to be
executed and also allows a semiconductor device to be manufactured in such a manner that the
same type of semiconductor circuit chips are stacked. Comparison means 88 is used to compare
identification data stored in memory means 85 with fixed data held in fixed data holding means
87. When the identification data matches the fixed data, a data deriving part 89 outputs the same
data as is output by an output part 86. In a boundary scan test, the data deriving part 89 of a
boundary scan controller 80 provided for the semiconductor circuit chip is connected to the
same bus line. When the identification data does not match with the fixed data, the data deriving
part 89 can be substantially disconnected from the bus line. In the way, the same type of
semiconductor circuit chips that are provided for the boundary scan controller 80 can be

stacked, thereby manufacturing the semiconductor device.
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DESCRIPTION

BOUNDARY SCAN CONTROLLER, SEMICONDUCTOR DEVICE, METHOD FOR
IDENTIFYING SEMICONDUCTOR CIRCUIT CHIP OF SEMICONDUCTOR DEVICE,
AND METHOD FOR CONTROLLING SEMICONDUCTOR CIRCUIT CHIP OF
SEMICONDUCTOR DEVICE

[Technical Field]

The present invention relates to a boundary scan controller for testing connection states of
input/output terminals of a plurality of semiconductor circuit chips which constitute a
semiconductor device, for example, a three dimensional multilayered LSI (Large Scale
Integration).

[Background Art]

As demand for high density packaging of semiconductor circuit chips such as large scale
integration (abbreviated to "LSI") has increased, it has been proposed to enhance packaging
density by stacking semiconductor circuit chips in a vertical direction, namely, in the thickness
direction of a circuit board.

There is a semiconductor device wherein, in order to achieve high density packaging,
semiconductor circuit chips stacked by tape carrier packages are respectively connected to a
circuit board. Such a semiconductor device, the tape carriers include identification signal lines
s0 as to be capable of identifying the individual chips. Hereinafter, the semiconductor circuit
chips are simply referred to as "chips” in some cases.

Fig. 11 is a perspective view illustrating a semiconductor device in which chips 2 are stacked
using tape carriers 1, and Fig. 11 illustrates a semiconductor device in which three chips 2 are
stacked. Each of the chips 2 includes a first chip side terminal 3 to which a chip selection signal
for selecting the operation of the individual chip 2 is input, and second terminals 4 where other
signals are input and output. Furthermore, a circuit board includes terminals 5a - 5b on a first
circuit board side for providing the chip selection signals to the respective chips 2 independent
of one another, and terminals 6 on a second circuit board side for providing and receiving other
signals.

The tape carrier 1 includes a wiring line 7 which connects the first and second chip side
terminals 3, 4 and the first and second circuit board side terminals 5, 6, respectively. The tape
carrier 1 is disposed separately from the chips 2, and is formed by being stacked similarly to the
chips 1. In Fig. 11, the tape carriers 1 are the portion indicated by oblique lines.

In such a semiconductor device, a pattern of portion 8 of the wiring lines 7 which are to be
connected with the first circuit board side terminals 5 is redundantly created beforehand, and

when
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mounting tape carrier packages, each of which consists of a tape carrier 1 and a chip 2, are
packaged on a circuit board, the necessary wiring lines remain, and the unnecessary wiring lines
are removed. Thus, as illustrated in Fig. 11, the chip selection signals can be independently
provided to the respective chips 2, and the stacked chips 2 are made identifiable using the chip
selection signals.

As the operating speed and function of chips 2 is increased, there occurs a problem that, with
packages using the tape carriers 1 as stated above, the performances of the chips 2 cannot be
satisfactorily demonstrated due to signal delays caused by the wiring lines.

In view of such a problem, it has been proposed in the first prior art that chips having
electrodes that penetrate vertically through the chip are stacked into a module (refer to, for
example, the specification of U. S. Patent No. 6141245). There is a need to identify the
individual chips of the chips to be stacked, similar to the case of the multilayered module of
tape carrier packages.

Figs. 12 - 14 are views for describing a semiconductor device which is configured by stacking
chips that have electrodes penetrating vertically through the chips. For the sake of description,
only penetrating leads 11 - 13 which penetrate through the chips, and wiring lines which extend
between these penetrating leads 11 - 13 and the connection terminals 14 - 16 of the chips are
illustrated in Figs. 12 - 14, and the chips, inter-layer insulating films, and the like are not
illustrated. Furthermore, only the wiring lines relevant to chip selection signals are illustrated in
Figs. 12 - 14. Furthermore, the case of stacking three chips as with the semiconductor device
illustrated in Fig. 11 will be described herein. The penetrating electrodes 11 - 13 penetrate
through the chips in the stacking direction of the chips.

Fig. 12 is a perspective view illustrating a chip selection wiring line 17 which is a wiring line
provided in a lower stage chip when the chips are stacked, and which transmits the chip
selection signal for selecting the operation of the chip. Fig. 13 is a perspective view illustrating
a chip selection wiring line 18 which is provided in a middle stage chip. Fig. 14 is a perspective
view illustrating a chip selection wiring line 19 provided in an upper stage chip.

The lower stage chip includes the chip side connection terminal 14 to which the chip selection
signal is input, the penetrating electrodes 21, 22, 23 which penetrate through the chip and which
serve to connect with a terminal disposed on a circuit board, a connection line 24 which serves
to mutually connect the chip side connection terminal 14 and the penetrating electrode 21, and
connection terminals 25, 26 which connect the penetrating electrodes 22, 23 and the terminals
of the
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stacked middle stage chip. The penetrating electrodes 22, 23 are leads for transmitting the chip
selection signals to the stacked middle stage and upper stage chips. In Fig. 12, the penetrating
electrodes 21, 22, 23 are indicated by oblique lines, and the connection line 24 is indicated by
meshed lines.

The middle stage chip includes the chip side connection terminal 15 to which the chip
selection signal is input, penetrating electrodes 27, 28 which penetrate through the chip and
which are mutually connected to the penetrating electrodes 22, 23 disposed in the lower stage
chip, through the connection terminals 25, 26, a connection line 29 which serves to mutually
connect the chip side connection terminal 15 and the penetrating electrode 27, and a connection
terminal 31 which connects the penetrating electrode 28 and the terminal of the stacked upper
stage chip. The penetrating electrode 28 is a lead for transmitting the chip selection signal to the
stacked upper stage chip. Unlike the lower stage chip, the middle stage chip suffices with a
configuration in which only the two penetrating electrodes are disposed. That is, even if a
penetrating electrode 32 indicated by phantom lines in Fig. 13 is provided, the electrode is not
connected. In Fig. 13, the penetrating electrodes 27, 28 are indicated by oblique lines, and the
connection line 29 is indicated by meshed lines.

The upper stage chip includes a chip side connection terminal 16 to which the chip selection
signal is input, a penetrating electrode 33 which penetrates through the chip and is connected
with the penetrating electrode 28 disposed in the lower stage chip through the connection
terminal 31, and a connection line 34 which serves to mutually connect the chip side connection
terminal 16 and the penetrating electrode 33. Unlike the lower stage and middle stage chips, the
upper stage chip suffices with a configuration in which only one penetrating electrode is
disposed. That is, even when penetrating electrodes 35, 36 indicated by phantom lines in Fig. 14
are provided, the electrodes are not connected. In Fig. 14, the penetrating electrode 33 is
indicated by oblique lines, and the connection line 34 is indicated by meshed lines.

The wiring patterns illustrated in Figs. 12 - 14 need to be provided in the chips beforehand.
That is, the chip to be stacked is fabricated as a chip separated from the underlying chip, in a
wafer process for fabricating the particular chip.

In a case where different types of chips are to be stacked, mere stacking of chips poses no
problem because the chips are chips that are originally separated from one another. However, in
a case where a large number of similar chips are to be stacked, for example when a large
capacity memory is to be achieved by stacking a large number of memory devices, similar chips
cannot be stacked, so different types of chips need to be fabricated according to the number of

chips to be stacked, and
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thus additional labor is required.

Furthermore, in a semiconductor device for achieving high density packaging, there are
mounted circuits for electrically testing whether or not the packaged chips are connected, that
is, boundary scan controllers.

The boundary scan controller includes five signal lines; TDI (Test Data input: data input part),
TDO (Test Data Output: data output part), TCK (Test Clock input: clock input part), TMS (Test
Mode Select input: test mode input part) and TRST (Test Reset input: test reset input part) for
the standards of a boundary scan test. However, the signal line TRST is optional.

In a boundary scan which conforms to the standards of ITAG (Joint European Test Action
Group), the signal lines TDI and TDO of the boundary scan controller incorporated in the
individual chips in the semiconductor device are connected in the shape of a chain. Hereinafter,
the chain-like connection of the boundary scan controllers will be sometimes be referred to as a
"daisy chain". The signal lines TCK, TMS, TDI and TRST are generally referred to as "input
parts".

Next, the technique of the boundary scan test is described.

Fig. 15 is a circuit diagram illustrating the connection states of a plurality of chip assemblies
IC which include a boundary scan controller, while Fig. 16 is a diagram illustrating a
multilayered module 50 which is configured by stacking the chip assemblies IC of the circuit
diagram of Fig. 15. The multilayered module 50 is configured in such a manner that the
plurality of chip assemblies IC1, IC2, ... ICn (where n denotes an integer of at least 3) are
stacked. Hereinafter, the chip assemblies IC1 - ICn are referred to in general as "chip IC". A
connector 52 is connected to the multilayered module 50, and a JTAG tester is connected to the
connector 52. Fig. 16 illustrates the chip assemblies IC stacked as a lowermost stage, middle
stage and uppermost stage, in succession from the left.

The signal lines TCK, TMS or TRST in the respective chip assemblies IC are mutually
connected to the corresponding pin of the connector 52 in parallel through a wiring pattern
provided in the chip assembly IC. On the other hand, regarding the signal lines TDI and TDO,
the signal lines TDO of the chip assembly IC of a preceding stage side are successively
connected in cascade to the signal lines TDI of the chip assembly IC on the succeeding stage

side. Furthermore, the signal line TDI of the
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chip assembly IC1 of the first stage and the signal line TDO of the chip assembly ICn of the
uppermost stage are connected to the respectively corresponding pins of the connector 52.

In the multilayered module 50 thus configured, the boundary scan test is performed
simultaneously for all the chip assemblies IC by controlling the chip assemblies IC by the JTAG
tester.

In the multilayered module 50, only the chip assembly ICn to be stacked at the uppermost
stage needs to have connections different from the chip assemblies other than the chip assembly
ICn. Therefore, only the chip assembly ICn at the uppermost stage needs to be fabricated
separately from the other chips in a wafer process.

Figs. 17 and 18 are perspective views illustrating the wiring patterns of the chip assemblies in
the multilayered module 50 illustrated in Fig. 16, and the case of stacking the chip assemblies
face-up is assumed in Figs. 17 and 18. "Face-up" is a mounting method in which the chips are
stacked with the circuit surfaces facing the opposite direction as a circuit board. For the sake of
description, only penetrating electrodes 61, 62 which are disposed in the chip assemblies, and
wiring lines which extend between these penetrating electrodes 61, 62 and the connection
terminals 63 to 68 of the chips are illustrated in Figs. 17 and 18, and the chips, inter-layer
insulating films, and the like are not illustrated.

Fig. 17 is a perspective view illustrating the wiring pattern of the chip assembly at the
lowermost stage and the middle stage. The chip assembly at the lowermost stage and the middle
stage includes the chip side connection terminal 63 of the TDI, the chip side connection
terminal 64 of the TDO, the chip side connection terminal 65 for the bus connections of the
TCK and the like, the penetrating electrode 71 for transmitting the TDI signal, the connection
line 72 for connecting the penetrating electrode 71 and the chip side connection terminal 63 of
the TDI, a connection terminal 73 for transmitting a TDO signal to the chip of the upper stage, a
connection line 74 on the chip for joining the chip side connection terminal 64 of the TDO and
the connection terminal 73, the penetrating electrode 75 for the bus connections of the TCK and
the like, the connection line 76 on the chip for connecting the penetrating electrode 75 and the
chip side connection terminal 65 for the bus connections of the TCK and the like, a connection
terminal 77 for transmitting the signals of the TCK and the like to the chip of the upper stage,
and the penetrating electrode 78 for returning a TDO signal from the chip of the uppermost

stage to the lower stage.
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Fig. 18 is a perspective view illustrating the wiring pattern of the chip assembly at the
uppermost stage. The chip assembly of the uppermost stage includes the chip side connection
terminal 63 of the TDI, the chip side connection terminal 64 of the TDO, the chip side
connection terminal 635 for the bus connections of the TCK etc., the penetrating electrode 71 for
transmitting a TDI signal, the connection line 72 for connecting the penetrating electrode 71
and the chip side connection terminal 63 of the TDI, the penetrating electrode 75 for the bus
connections of the TCK etc., the connection line 76 on the chip for connecting the penetrating
electrode 75 and the chip side connection terminal 65 for the bus connections of the TCK etc.,
the penetrating electrode 78 for returning the TDO signal from the chip of the uppermost stage,
to the lower stage, and the connection line 79 for connecting the chip side connection terminal
64 of the TDO and the penetrating electrode 78.

The wiring pattern in the chip assembly of the lowermost stage and the middle stage and the
wiring pattern in the chip assembly of the uppermost stage as respectively illustrated in Figs. 17
and 18 need to be provided in the corresponding chip assemblies beforehand. That is, the chip
assemblies to be stacked are fabricated as separate chip assemblies in the wafer processes. In
the case of performing the boundary scans, only the chip assembly of the uppermost stage needs
to be a separate chip assembly, as elucidated in Figs. 17 and 18, but in a case where a large
number of similar chips are to be stacked, for example, a large capacity memory achieved by
stacking a large number of memory devices, there is the problem that the similar chips cannot
be stacked.

[Disclosure of the present invention]

An object of the present invention is to provide a boundary scan controller which can perform
a boundary scan and which permits a semiconductor device to be configured by stacking
identical semiconductor circuit chips.

The present invention is a boundary scan controller which is disposed in a semiconductor
circuit chip, for controlling a shift register circuit composed of boundary scan cells respectively
disposed between external signal input terminals and input terminals of an internal logic circuit
and between external signal output terminals and output terminals of the internal logic circuit
which are connected in series, comprising:

an input part for inputting a predetermined operation instruction, and identification data and
test data of the semiconductor chip;

storage means for storing the identification data therein;
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a clock input part for providing input/output timings; a test mode input part for providing the
predetermined operation instruction; a data input part for inputting the identification data and
test data of the semiconductor circuit chip;

control means for executing the predetermined operation instruction so as to store the
identification data in the storage means, and for performing a circuit test with the test data so as
to obtain test result data;

a data output part for outputting the test result data obtained by the control means;

fixed data holding means for holding predetermined fixed data therein;

comparison means for making a comparison as to whether or not the identification data and
the fixed data match, and outputting comparison result information; and

a data derivation part for deriving data corresponding to the test result dat.a output from the
output part, on the basis of the comparison result information from the comparison means.

In accordance with the present invention, when the operation instruction has been provided
from the test mode input part beforehand, the control means executes the predetermined
operation instruction. By executing the predetermined operation instruction, the control means
stores the identification data of the semiconductor circuit chip input from the data input part in
the storage means, and performs the circuit test using the test data received from the data input
part, thereby obtaining the test result data. The circuit test using the test data is, for example, the
connection test of the semiconductor circuit chip which is performed by controlling the shift
register circuit.

The comparison means makes a comparison as to whether or not the fixed data held in the
fixed data holding means and the identification data stored in the storage means match, and in
the case of a match, outputs comparison result information indicating a match, but in the case of
a mismatch, outputs the comparison result information indicating a mismatch. In the case of a
match between the identification data and the fixed data as based on the comparison result
information, the data derivation part outputs the data for the case of a match which corresponds
to the test result data, and in the case of mismatch between the identification data and the fixed
data, the data derivation part outputs the data for the case of mismatch which corresponds to the
test result data. Accordingly, the data to be output from the data derivation part can be made

different between the case of matching between the fixed data and the identification
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data and the case of mismatching.

The boundary scan test is performed in order to detect the connection states of individual
semiconductor circuit chip assemblies in a semiconductor device which is composed of a stack
of semiconductor circuit chip assemblies which are configured by disposing the boundary scan
controller in the semiconductor circuit chip. The boundary scan test is performed for a daisy
chain in which a plurality of such boundary scan controllers are connected. In the daisy chain,
the data output part of the boundary scan controller of a lower stage is connected to the data
input part of the boundary scan controller of an upper stage. Furthermore, the test result data is
derived from the data output part of the boundary scan controller disposed in the semiconductor
circuit chip of the uppermost stage. In the boundary scan test, the inputs of the operation
instruction, identification data and test data from each input part to the boundary scan
controller, and the output data are detected by a JTAG tester.

With the boundary scan controliers of the present invention, the identification data of the
semiconductor circuit chip of the uppermost stage is held as the fixed data in the fixed data
holding means, whereby the data which is output from the data derivation part in only the
boundary scan controller of the uppermost stage can be made different from the data which is
output from the other data derivation parts. Accordingly, the data output parts of the boundary
scan controllers disposed in the semiconductor circuit chips except for the uppermost stage are
brought into non-connected states, whereby the data derivation parts of the individual boundary
scan controllers can be connected to an identical bus line. That is, of the data derivation parts
connected to the identical bus line, states which are output from the data derivation parts of the
boundary scan controllers disposed in the semiconductor circuit chips excluding the uppermost
stage can be brought into, for example, a state which is pulled up or pulled down by a high
impedance, or a floating state, whereby the data derivation parts can be, in effect, disconnected
from the bus line.

Accordingly, the semiconductor device can be configured by stacking the same semiconductor
circuit chip assemblies which include the boundary scan controllers.

Furthermore, according to the present invention, if the identification data is stored in the

storage
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means and the comparison information output from the comparison means indicates matching
between the identification data and the fixed data, the data derivation part outputs the same data
as the test result data which is output from the data output part.

In accordance with the present invention, if the identification data is stored in the storage
means and the comparison information indicates matching between the identification data and
the fixed data, the data derivation part outputs the same data as the test result data which is
output from the data output part. Accordingly, the same data as the test result data is output
from the data derivation part so detailed test result data can be obtained, and detailed location of
a defective connection can be identified.

Furthermore, according to the present invention, if the identification data is not stored in the
storage means, the data which is output from the data derivation part is brought into a state that
the other boundary scan controllers cannot recognize, and thereby the boundary scan controllers
connected to the data derivation part are essentially nullified.

Alternatively, the output of the data derivation part is maintained at a predetermined signal
level. "Predetermined signal level" refers to, for example, a state of H level or a state pulled up
to the H level by a high impedance.

Thereby, with the present invention, even when the other boundary scan controllers are
connected to the output side of the data derivation part, the succeeding boundary scan
controllers essentially do not operate. Even if the semiconductor circuit connected to the
boundary scan controller is defective, the boundary scan controller does not operate, and hence,
input/output circuits will be in a disconnected state, and for example, even if the defective
semiconductor circuit chip develops an abnormal input/output pin state, no output is delivered,
and a failure can be avoided.

In accordance with the present invention, identification data that does not match with the
fixed data is provided when the particular chip is provided at any other stage than the
uppermost stage of the stack. If the identification data is stored in the storage means and the
comparison information output from the comparison means indicates that the identification data
and the fixed data do not match, the data derivation part can be a state which is essentially
disconnected from the circuit.

Furthermore, with the present invention, if the identification data is stored in the storage
means and the comparison information output from the comparison means indicates matching
between the identification data and the fixed data, the data derivation part outputs the same data

as the data of the
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data output part.

In accordance with the present invention, the identification data that matches the fixed data is
provided if the particular chip is provided on the uppermost stage of the stack. If the
identification data is stored in the storage means and the comparison information output from
the comparison means indicates matching between the identification data and the fixed data, the
data derivation part outputs the same data as the data of the data output part.

Because of the change in the output data, the subsequently connected boundary scan
controllers can be effectively operated.

Furthermore, with the present invention, if the identification data is stored in the storage
means and where the comparison information output from the comparison means indicates
mismatching between the identification data and the fixed data, the data derivation part is
brought into, for example, a state pulled up or pulled down by a high impedance, or a floating
state.

In accordance with the present invention, the identification data that does not match with the
fixed data is provided if the particular chip is provided at any other stage than the uppermost
stage of the stack. If the identification data is stored in the storage means and the comparison
information output from the comparison means indicates mismatching between the
identification data and the fixed data, the data derivation part is brought into, for example, a
state pulled up or pulled down by a high impedance, or a floating state, whereby the data
derivation part is, in effect, disconnected from the bus line.

Furthermore, the present invention is a semiconductor device comprising a stack of
semiconductor circuit chip assemblies, each configured by disposing a boundary scan controller
in a semiconductor circuit chip.

In accordance with the present invention, the semiconductor circuit chip assemblies can be
formed by the same wafer process, so that labor for forming the semiconductor circuit chip
assemblies is reduced. Furthermore, when forming the semiconductor device, identical
semiconductor circuit chip assemblies are stacked, and therefore stacking order or the like need
not be considered, and the formation of the device is simplified.

Furthermore, with the present invention, the semiconductor circuit chip is a memory chip, and

the memory chip assembly includes:

additional address lines which are formed in addition to address lines of the memory chip;

a selection signal line for inputting a selection signal for selecting the memory chip; and
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permission means for permitting an operation of the memory chip if data corresponding to the
additional address lines of the memory chip and the identification data stored in the storage
means are matching and the selection signal is input.

In accordance with the present invention, even if the selection signal for selecting the memory
chip has been input, the operation of the memory chip is not permitted by the permission means
unless data corresponding to the additional address lines matches the identification data stored
in the storage means. Therefore, even if the same selection signals have been input, the
permission means can permit only the operation of one memory chip. Thereby, each of stacked
memory chips can be operated.

Furthermore, with the present invention, the semiconductor circuit chip is a memory chip, and

the memory chip assembly includes:

additional data lines which are formed in addition to data lines of the memory chip, and which
are larger in number than the data lines; and

selection means for selecting the additional data lines and connecting the additional data lines
to the data lines of the memory chip, in accordance with the identification data stored in the
storage means.

Furthermore, in accordance with the present invention, the selection means selects the
additional data lines in accordance with the identification data stored in the storage means and
connects the additional data lines to the data lines of the memory chip such that the data lines
can be allocated to each of the stacked memory chips. Accordingly, each memory chip can be
operated by being connected to bus lines which are larger in number than the bus lines
corresponding to one memory chip.

Furthermore, the present invention is a semiconductor circuit chip identification method for
the semiconductor device, where the respective semiconductor circuit chips are identified by the
identification data stored in the storage means.

In accordance with the present invention, the respective semiconductor circuit chips can be
individually recognized by the identification data stored in the storage means. Therefore, the
semiconductor circuit chips can be individually managed by using the identification data.

Furthermore, the present invention is a semiconductor circuit chip control method for the
semiconductor device, where the semiconductor circuit chips which have been selected on the

basis
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of the identification data stored in the storage means are operated.

In accordance with the present invention, the semiconductor circuit chips which have been
selected on the basis of the identification data stored in the storage means are operated, and
therefore the stacked semiconductor circuit chips can be individually operated.

[Brief Description of Drawings]

Objects, features, and advantages of the present invention will be more explicit from the
following detailed description and the drawings.

Fig. 1 is a block diagram illustrating a boundary scan controller 80 according to one
embodiment of the present invention;

Fig. 2 is a block diagram illustrating a semiconductor circuit chip assembly 81 which is
configured by disposing the boundary scan controller 80 in a semiconductor circuit chip;

Fig. 3 is a block diagram illustrating a semiconductor device 82 which is configured by
stacking a plurality of such semiconductor circuit chip assemblies 81;

Fig. 4 is a flow chart illustrating the operation of setting the identification data in the storage
means 85 of the controller 80.

Fig. 5 is a perspective view illustrating part of the wiring pattern of the semiconductor circuit
chip assembly 81 which is formed by disposing the controller 80 in the semiconductor circuit
chip;

Fig. 6 is a block diagram illustrating a boundary scan controller 130 according to still another
embodiment of the present invention;

Fig. 7 is a block diagram illustrating a boundary scan controller 140 according to still another
embodiment of the present invention;

Fig. 8 is a block diagram illustrating the signal selection means 150;

Fig. 9 is a diagram illustrating the memory chip selection means 160 which is disposed in the
memory chip assembly;

Fig. 10 is a diagram illustrating the data line selection means 170 which is disposed in the
memory chip assembly;

Fig. 11 is a perspective view illustrating a semiconductor device in which chips 2 are stacked

using tape carriers I;
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Fig. 12 is a view for describing a semiconductor device which is configured by stacking chips
that have electrodes penetrating vertically through the chips;

Fig. 13 is a view for describing a semiconductor device which is configured by stacking
chips that have electrodes penetrating vertically through the chips;

Fig. 14 is a view for describing a semiconductor device which is configured by stacking chips
that have electrodes penetrating vertically through the chips;

Fig. 15 is a view for describing a technique of the boundary scan test;

Fig. 16 is a view for describing a technique of the boundary scan test;

Fig. 17 is a perspective view illustrating the wiring patterns of the chip assemblies in the
multilayered module 50 illustrated in Fig. 16; and

Fig. 18 is a perspective view illustrating the wiring patterns of the chip assemblies in the
multilayered module 50 illustrated in Fig. 16.

[Best Mode for Carrying out the Present Invention]

Preferred embodiments of the present invention are described below while referring to the
drawings.

Fig. 1 is a block diagram illustrating a boundary scan controller 80 according to one
embodiment of the present invention. Fig. 2 is a block diagram illustrating a semiconductor
circuit chip assembly 81 which is configured by disposing the boundary scan controller 80 in a
semiconductor circuit chip. The number of connection terminals between an internal logic
circuit 97 and the exterior is assumed to be 10. Fig. 3 is a block diagram illustrating a
semiconductor device 82 which is configured by stacking a plurality of such semiconductor
circuit chip assemblies 81. The boundary scan controller 80 of the embodiment operates in
conformance to the standards of the JTAG (Joint European Test Action Group). The boundary
scan controller 80 is a circuit for electrically testing whether or not the semiconductor circuit
chip is connected in the semiconductor device 82.

The boundary scan controller 80 includes an input part 83, control means 84, storage means
85, an output part 86, fixed data holding means 87, comparison means 88 and a data derivation
part 89. Hereinafter, the boundary scan controller 80 is simply referred to as "controller 80" in
some cases.

The input part 83 is a serial interface for inputting a predetermined operation instruction, and

the
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identification data and test data of the semiconductor circuit chip. The input part 83 includes
four signal lines; TCK (Test Clock input: clock input part), TMS (Test Mode Select input: test
mode input part), TDI (Test Data input: data input part), and TRST (Test Reset input: test reset
input part). Hereinafter, the identification data of the semiconductor circuit chip will be simply
referred to as "identification data" in some cases.

The signal line TCK is a signal line that supplies the control means 84 with input/output
timings, and that provides a testing clock independent of a unique system clock. The signal line
TMS is a signal line which inputs the predetermined operation instruction so as to control a test
operation. The signal line TD] is a signal line which serially inputs the identification data and
the test data. The signal line TRST is a signal line which inputs data for asynchronously
initializing the controller 80. These four signal lines are controlled by an extemal JTAG tester,
and a boundary scan test is performed. Although the signal line TRST is laid in the input part 83
in the embodiment, it is an optional terminal in the JTAG standard, and in another embodiment
of the present invention, the input part 83 may be configured having the three signal lines TCK,
TMS and TDI.

The input part 83 is interconnected with the control means 84, and supplies the control means
84 with the predetermined operation instruction, identification data, and test data provided from
the JTAG tester.

When the operation instruction of storing the identification data in the storage means 85 is
input from the input part 83, the control means 84 executes the instruction, and decodes the
identification data received from the input part 83 and stores the decoded data in the storage
means 85. Furthermore, when the operation instruction for performing the boundary scan test is
input from the input part 83, the control means 84 executes the instruction, and performs the
circuit test using the test data received from the input part 83 in order to obtain test result data.
The reserved code of the boundary scan instruction, for example, is assigned as the operation
instruction for storing the identification data in the storage means 85. When performing the
circuit test, the control means 84 outputs a boundary scan control signal and controls a shift
register circuit 91 that will be described later.

The control means 84 includes an instruction register and a test data register. The instruction
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register serves to set an instruction code for accepting instruction data for performing the
boundary scan test. The test data register serves to set test pattern data for performing the
boundary scan test. Both the instruction register and the test data register have the configuration
of shift registers, and when the instruction of sending data is input to the control means 84, the
predetermined operation instruction and various data which are input from the signal line TDI
can be output from a signal line TDO (Test Data Output: data output part) through the shift
registers. Hereinafter, the predetermined operation instruction and the various data will be
generally and simply referred to as "data" in some cases.

The storage means 85 stores the identification data decoded by the control means 84. The
storage means 85 is a latch circuit constructed of a flip flop, and is configured to repeatedly
receive the identification data every turn ON of the power source of the JTAG tester which is
externally connected for performing the boundary scan test.

In this case, the identification data is merely designated, so the JTAG tester can also be
substituted by a circuit that generates a JTAG signal in simplified fashion by a ROM (Read
Only Memory) and a clock generator, or the like, without being a complete JTAG tester.

In another embodiment of the present invention, the storage means 85 may be achieved by
nonvolatile memory such as EPROM (Electrically Programmable Read Only Memory) and
configured such that the identification data may be saved merely by storing the identification
data once.

The storage means 85 has a storage area which is one bit larger than the bit length of the
identification data. That is, the data to be stored in the storage means 85 has a bit length that is
one bit larger than the bit length of the identification data. Whether or not the identification data
has been stored in the storage means 85 by the control means 84 is stored in the redundant one
bit. Thus, whether or not the identification data is stored in the storage means 85 is easily
determined.

The output part 86 is a serial interface which serves to output the test result data obtained by
the control means 84, and the predetermined operation instruction and the various data output
from the control means 84 through the instruction register and the test data register, and the

output part includes the signal line TDO.
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The fixed data holding means 87 holds fixed data. The fixed data is the identification data of
the semiconductor circuit chip which is provided at the uppermost stage when the
semiconductor device 82 is configured by stacking the plurality of semiconductor circuit chip
assemblies 81, each configured with the controller 80 disposed in the semiconductor circuit
chip. The semiconductor circuit chip which is provided at the uppermost stage is located at the
furthest position from a circuit board when the semiconductor device 82 is mounted on the
circuit board.

The fixed data holding means 87 is achieved by, for example, wired logic. In the embodiment,
the fixed data holding means 87 exists independently, but in another embodiment of the present
invention, the fixed data holding means 87 may be included in the comparison means 88
described below if the fixed data holding means 87 is configured by logic synthesis.

The comparison means 88 receives the identification data stored in the storage means 85 and
the fixed data held in the fixed data holding means 87, makes a comparison as to whether or not
the identification data and the fixed data are matching, and outputs comparison result
information. The comparison means 88 compares the identification data stored in the storage
means 85 with the fixed data including the data of the redundant one bit. Thus, if the
identification data is not stored in the storage means 85, the comparison means 88 can always
output the comparison result information indicating a mismatch.

The data derivation part 89 includes first and second OR gates 92, 93, a tristate buffer 94 and
a signal line TDO2. One of the input terminals of the first OR gate 92 is interconnected with the
comparison means 88, and the other input terminal is interconnected with the storage means 85.
The first OR gate 92 outputs an output permission signal to the tristate buffer 94 if the
comparison result information of the comparison means 88 indicates matching between the
identification data and the fixed data, or if the identification data is stored in the storage means
85.

One of the input terminals of the second OR gate 93 is interconnected with the signal line
TDO which is the output part 86, and the other input terminal is interconnected with the storage
means 85. The second OR gate 93 outputs the same data as the data output from the output part
86 if the
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identification data is stored in the storage means 85. The data of the redundant one bit is input
from the storage means 85 to the second OR gate 93.

The tristate buffer 94 is interconnected with the output terminals of the first and second OR
gates 92, 93, and outputs the data that was input from the second OR gate 93, to the signal line
TDO02 when the output permission signal is input from the first OR gate 92.

If the identification data is not stored in the storage means 85, the first and second OR gates
92, 93 operate such that the signal line TDO2 connected to the output terminal of the tristate
buffer 94 outputs data which the other boundary scan controllers cannot recognize. The "data
which the other boundary scan controllers cannot recognize" referred to herein is data which is
always high (H). Thus, the same data as the data output from the output part 86 is not output
from the data derivation part 89, and essentially, the succeeding boundary scan controllers do
not operate in spite of the existence of the boundary scan controllers which are connected in
succession to the data derivation parts 89. Furthermore, if the semiconductor circuit connected
to the boundary scan controller is defective, the boundary scan controller does not operate, and
hence, the input/output circuits are in a disconnected state, and for example, even if the
defective semiconductor circuit chip is about to fall into an abnormal input/output pin state,
output is not performed, and non-conformance can be avoided.

Furthermore, if the identification data is stored in the storage means 85 and the comparison
result information output from the comparison means 88 indicates matching between the
identification data and the fixed data, the first and second OR gates 92, 93 operate such that the
same data as the data output from the output part 86 may be output from the signal line TDO2.
That is, the same data as that of the output part 86 can be output from the data derivation part 89
of the intended semiconductor circuit chip assembly 81.

Furthermore, if the identification data is stored in the storage means 85 and the comparison
result information output from the comparison means 88 indicates mismatching between the
identification data and the fixed data, the first and second OR gates 92, 93 operate so as to
prohibit output to the signal line TDO2 connected to the output terminal of the tristate buffer 94
and creates a floating state. Thus, the same data as the data output from the output part 86 is not

output from the data
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derivation part 89, and essentially, the data derivation part 89 can be brought into a state
disconnected from the circuit.

With the aforementioned controller 80, different data can be output from the data derivation
parts 89 even with a controller 80 in which the fixed data and the identification data match and
a controller 80 in which the fixed data and the identification data do not match or where the
identification data is not recorded, in spite of being same controllers 80.

With the present embodiment, the data derivation part 89 includes the first and second OR
gates 92, 93 and the tristate buffer 94, and therefore the first and second OR gates 92, 93 and
the tristate buffer 94 may be configured as logic incorporated by logic synthesis.

The semiconductor circuit chip assembly 81 includes the controller 80, external signal input
terminals 95, external signal output terminals 96, the internal logic circuit 97, the shift register
circuit 91, input part connection terminals 83A, an output part connection terminal 86A and a
data derivation part connection terminal 89A. The external signal input terminals 95 form an
interface for inputting signals from the exterior to the internal logic circuit 97. The external
signal output terminals 96 form an interface for outputting signals from the internal logic circuit
97 to the exterior. The internal logic circuit 97 is an integrated circuit for achieving the essential
functions of the semiconductor circuit chip, and the internal logic circuit is implemented by any
desired circuit. The intemal logic circuit 97 is, for example, a large scale integration
(abbreviated as "LSI").

The controller 80, external signal input terminals 95, external signal output terminals 96,
internal logic circuit 97, shift register circuit 91, input part connection terminals 83A, output
part connection terminal 86A and data derivation part connection terminal 89A are formed in
the same wafer 99.

The shift register circuit 91 has a plurality of boundary scan cells 98. As illustrated in Fig. 2,
the shift register circuit 91 has ten boundary scan cells 98. The boundary scan cells 98 are
achieved by a register circuit. The individual boundary scan cells 98 are respectively interposed
between the internal logic circuit 97 and the external connection terminals which are the

external signal input terminals 95 and the external signal output terminals 96.
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The shift register circuit 91 is configured in a manner that the boundary scan cells 98 are
connected in series. The boundary scan cells 98 are provided in the same quantity as the
external signal terminals of the internal logic circuit 97. A description will be continued
assuming a case where the input signals are input from the external connection terminals on the
left side of the internal logic circuit 97 as illustrated in Fig. 2, and where the output signals are
output from the external connection terminals on the right side.

The input part connection terminals 83A of the boundary scan controller 80 form an interface
for inputting data from the exterior to the respective signal lines of the input part 83. The output
part connection terminal 86A is an interface for outputting data from the signal line of the
output part 86. The data derivation part connection terminal 89A is an interface for outputting
data from the signal line of the data derivation part 89.

The control means 84 is interconnected to the shift register circuit 91, and controls the shift
register circuit 91 so as to perform a circuit test and obtain test result data. In the circuit test, the
control means 84 executes the following operations. The boundary scan cells 98 of the shift
register circuit 91 which are connected to the external signal input terminals 95 are referred to,
in general, as "input side cells 98A", and the boundary scan cells 98 which are connected to the
external signal output terminals 96 are referred to, in general, as "output side cells 98B".

First, when a boundary scan test state has begun, the connections for the signals between the
internal logic circuit 97 and the external connection terminals are cut off on both the input side
cells 98A and the output side cells 98B, and the shift register of the control means 84 and the
input side cells 98A, and the shift register of the control means 84 and the output side cells 98B
are connected. Furthermore, serial test data is input from the signal line TDI through the input
part connection terminals 83A and is stored in the shift register circuit 91. Thereafter, the test
data stored in the shift register circuit 91 is transmitted to the external connection terminals
through the input side cells 98A and the output side cells 98B in accordance with test
performance instructions. Furthermore, the states of the external connection terminals are
monitored back and are stored in the shift register circuit 91 in accordance with update
instructions.

Subsequently, the state of the monitor backed external connection terminals stored in the shift
register circuit 91 is serially output from the output part TDO.

Furthermore, depending on the boundary scan test modes, self-tests are carried out using the

input
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side cells 98A as well as the internal logic circuit 97 and the output side cells 98B as well as the
internal logic circuit 97. In this case, only the connections of the boundary scan cells 98 are
altered, and the setup for the test data and the derivation of the monitor backed state are similar.

Such operations are performed as needed, whereby the control means 84 can provide test
result data which indicate the monitor backed state whether or not the semiconductor circuit
chip to be stacked is normally connected (is normally operating).

The semiconductor device 82 is configured by stacking the semiconductor circuit chip
assemblies 81 as described above. In Fig. 3, the semiconductor circuit chip assemblies 81 which
are indicated in a region enclosed in a phantom line are stacked. Hereinafter, stacked
semiconductor circuit chip assemblies 81 will be sometimes be referred to as a "multilayer
module".

A connector 101 is disposed in the semiconductor device 82, and the JTAG tester is connected
to the connector 101. The semiconductor circuit chip assemblies 81 which are stacked at the
lowermost stage, middle stage and uppermost stage in succession from the left are illustrated in
Fig. 3. Furthermore, although only the three semiconductor circuit chip assemblies 81 are
illustrated in Fig. 3, the semiconductor device 82 may be configured by stacking any number of
semiconductor circuit chip assemblies 81.

The signal lines TCK of the respective semiconductor circuit chip assemblies 81 are
connected to the same bus line 102a, and are interconnected with the corresponding TCK pin
101a of the connector 101. Similar to the signal lines TCK, the signal lines TMS, TRST and
TDO?2 are respectively connected to identical bus lines 102b, 102c and 102d and are mutually
connected to the corresponding TMS pin 101b, TRST pin 101c and TDO2 pin 101d of the
connector 101 in parallel.

The output part connection terminals 86A of the semiconductor circuit chip assemblies 81 on
the preceding stage sides are successively connected to the input part connection terminals 83A
corresponding to the signal lines TDI of the semiconductor circuit chip assemblies 81 on the
succeeding stage sides. Furthermore, the signal line TDI of the semiconductor circuit chip
assembly 81 at the first stage is connected to the corresponding TDI pin 101e of the connector
101. The signal line TDO of the semiconductor circuit chip assembly 81 at the uppermost stage
is not connected.

In this manner, in the semiconductor device 82, the individual controllers 80 are connected in

the
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shape of a chain. Hereinafter, the chain-like connection is sometimes referred to as a "daisy
chain". In the semiconductor device 82, the controllers 80 are controlled by the JTAG tester
through the connector 101, and thereby all the semiconductor circuit chip assemblies 81 can be
simultaneously subjected to the boundary scan test.

Next, a method of setting the identification data will be described.

Fig. 4 is a flow chart illustrating the operation of setting the identification data in the storage
means 85 of the controllers 80. When the external JTAG tester is connected to the
semiconductor device 82 at step S0, the routine shifts to step S1. At step S1, the control means
84 of the controllers 80 are reset from the input parts 86 by using the signal lines TMS and TCK
or by setting the signal level of the signal line TRST at an L level. During the boundary scan,
regardless of the state of the control means 84, the control means 84 can be reset by setting the
signal levels of the signal lines TMS at an H level and holding the state for 5 clock cycles.

Subsequently, the routine shifts to step S2, and a command set instruction that is an
instruction for inputting an operation instruction to the control means 84 is input using the
signal lines TMS and TCK, and the routine shifts to step S3.

In step S3, the operation instruction which gives an identification code set instruction for
causing the storage means 85 to store the identification data therein is provided to the control
means 84 of the controllers 80 disposed in the stacked semiconductor circuit chips, by
employing the signal lines TDI and TCK. Furthermore, an instruction skip command (bypass
instruction) for skipping the instruction is provided to the control means 84 of a controller 80
disposed in any semiconductor circuit chip which is not stacked.

Subsequently, the routine shifts to step S4, where a data set command that is the operation
instruction for inputting data to the control means 84 is input by employing the signal lines
TMS and TCK, and then the routine shifts to step S5.

In step S5, the identification data is sent to the controllers 80 disposed in the respective
stacked semiconductor circuit chips by employing the signal lines TDI and TCK, whereupon
the routine shifts to step S6 so as to end the operation. In step 5, data which is to be stored as
the identification data in the storage means 85 of the controllers 80 disposed in the stacked

semiconductor circuit chips
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is provided through the signal lines TDI and TDO which are daisy chain data lines, so as to
have respectively different values. For example, "0" is provided as the identification data to the
storage means 85 disposed in the semiconductor circuit chip at the uppermost stage, and "1" is
provided as the identification data to the storage means 85 disposed in the semiconductor circuit
chip at the stage directly below the uppermost stage. Furthermore, “m" is provided as the
identification data to the storage means 85 disposed in the semiconductor circuit chip at the mth
stage (where m denotes an integer of at least 2) from the uppermost stage.

Even in a case where the controllers 80 of the stacked semiconductor circuit chip assemblies
81 and the ordinary controllers disposed in the ordinary semiconductor devices (not illustrated)
which are not stacked form a daisy chain, the number of the stacked semiconductor circuit chips
and the number of the ordinary controllers disposed up to the multilayered module consisting of
the stacked semiconductor circuit chips are known beforehand, and hence, there is no problem
creating the identification data which is provided to the storage means 85 disposed in the
stacked semiconductor circuit chips.

Furthermore, even in a case where the controller of another device is also connected behind
the daisy chain which is constituted by the controllers 80 of the stacked semiconductor circuit
chip assemblies 81, there is no problem because when the identification data is not stored in the
storage means 85 disposed in the stacked semiconductor circuit chip assembly 81, the output of
the data derivation part 89 is fixed at the H level, and the command for skipping the instruction
is provided to the control means 84 included in the controller 80.

According to the aforementioned flow chart, the identification data can be stored in the
controllers 80 disposed in the stacked semiconductor circuit chips.

In the controller 80 in which the identification data is not stored in the storage means 85, the
data output from the output part 86 is the output of the boundary scan, and the signal line TDO2
of the data derivation part 89 outputs the signal at the H level.

The controller 80 which has been supplied with the same identification data as the
identification data of the semiconductor circuit chip at the uppermost stage in each stacked
semiconductor circuit chip assembly 81, namely, with "0" in the above example, has the setting
altered so that the same data as the data output from the output part 86 may be output from the
data derivation part TDO2. Furthermore, the controller 80 which has been supplied with
identification data different from the identification data of the semiconductor circuit chip at the

uppermost stage is disconnected from the
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data derivation part TDO2.

In a case where a plurality of multilayered modules exist on the daisy chain for the boundary
scans, the operating procedure illustrated in Fig. 4 may be iterated to successively achieve the
settings.

Fig. 5 is a perspective view illustrating a portion of the wiring pattern of the semiconductor
circuit chip assembly 81 formed by disposing the controller 80 in the semiconductor circuit
chip. The semiconductor circuit chip assembly 81 includes first - third penetrating electrodes
103 - 104. For the sake of description, only the first - third penetrating leads 103 - 105 which
penetrate through the semiconductor circuit chip assembly 81, and wiring lines which extend
between these first - third penetrating leads 103 - 105 and the connection terminals 83A, 86A,
89A of the semiconductor circuit chip assembly 81 are illustrated in Fig. 5, and the
semiconductor circuit chip, inter-layer insulating film, and the like are not illustrated. The first -
third penetrating electrodes 103 - 105 penetrate through the semiconductor circuit chip
assembly 81 in the stacked direction of the semiconductor circuit chip assembly 81, namely, in
the direction of arrow A in Fig. 5. Furthermore, the case of stacking the semiconductor circuit
chip assembly 81 face-up is illustrated herein.

One surface of the semiconductor circuit chip assembly 81 is formed with the input part
connection terminals 83A being the terminals of the input part 83, the output part connection
terminal 86A being the terminal of the output part 86, and the data derivation part connection
terminal 89A which is the data derivation part 89. The input part connection terminals 83 A are
the terminal 111 of the signal line TDI and the terminal 113 of the signal line TCK. Since the
wiring lines for connecting the signal lines TCK, TMS and TRST are similar, only the wiring
line for connecting the signal line TCK is illustrated here. The output part connection terminal
86A is the terminal 112 of the signal line TDO. The data derivation part connection terminal
89A is the terminal 114 of the signal line TDO2.

One end part of the first penetrating electrode 103 is interconnected to the terminal 111 of the
signal line TDI through the first connection line 115. The first connection line 115 is formed in
one surface of the semiconductor circuit chip assembly 81. A first connection terminal 116 is
interconnected with the other end part of the first penetrating electrode 103 of the stacked
semiconductor circuit chip assembly 81. The first connection terminal 116 which is connected
with the stacked semiconductor circuit chip assembly 81 is formed through an inter-layer
insulating film over one end part of the first penetrating electrode 103. The terminal 112 of the
signal line TDO is interconnected with the first connection terminal 116 through the second

connection line 117 which
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is stacked on the first connection line 115 with the inter-layer insulating film interposed
therebetween.

One end part of the second penetrating electrode 104 is interconnected to the terminal 113 of
the signal line TCK through the third connection line 118. The third connection line 118 is
formed in one surface of the semiconductor circuit chip assembly 81. A second connection
terminal 119 which is connected with the stacked semiconductor circuit chip 81 is formed at
one end part of the second penetrating electrode 104. The second connection terminal 119 is
interconnected with the other end part of the second penetrating electrode 104 of the stacked
semiconductor circuit chip assembly 81.

One end part of the third penetrating electrode 105 is interconnected to the terminal 114 of the
signal line TDO2 through the fourth connection line 121. The fourth connection line 121 is
formed in one surface of the semiconductor circuit chip assembly 81. A third connection
terminal 122 which is connected with the stacked semiconductor circuit chip 81 is formed at
one end part of the third penetrating electrode 105. The third connection terminal 122 is
interconnected with the other end part of the third penetrating electrode 105 of the stacked
semiconductor circuit chip assembly 81.

By laying wiring lines in the manner, data which is input from the exterior of the
semiconductor circuit chip assembly 81 is passed through the first penetrating electrode 103 and
transmitted to the terminal 111 of the signal line TDI via the first connection line 115. Data
which is output from the signal line TDO is sent from the terminal 112 through the second
connection line 117 to the first connection terminal 116 from which the data is transmitted to
the stacked semiconductor circuit chip assembly 81. Furthermore, the terminal 113 of the signal
line TCK is connected to a common bus line, and the terminal 114 of the signal line TDO?2 is
connected to a common bus line.

When the semiconductor circuit chip assemblies 81 are stacked after forming the wiring lines
as illustrated in Fig. 35, the upper and lower semiconductor circuit chip assemblies 81 can be
stacked without being shifted, and hence, the semiconductor device 82 can be formed in the
smallest possible size.

As described above, when the semiconductor circuit chip assemblies 81 are configured by
employing the controllers 80, the daisy chain for performing the boundary scan test can be
formed by only one wiring pattern illustrated in Fig. 5. When stacking identical semiconductor
circuit chips, accordingly, the semiconductor circuit chip assemblies 81 need not be separately

fabricated. That is,
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the semiconductor circuit chip assemblies 81 can be formed by an identical wafer process, and
therefore labor for forming the semiconductor circuit chip assemblies 81 can be reduced.
Furthermore, when forming the semiconductor device 82, identical semiconductor circuit chip
assemblies 81 are stacked, and therefore stacking order, and the like need not be considered,
and processes are simplified.

Although the case of stacking the semiconductor circuit chip assemblies 81 face-up has been
described in the embodiment, the semiconductor circuit chip assemblies 81 may be stacked
face-down. For this case, in Fig. 5, the terminal 111 of the signal line TDI may be set as the
terminal of the signal line TDO, and the terminal 112 of the signal line TDO may be set as the
terminal of the signal line TDL.

Fig. 6 is a block diagram illustrating a boundary scan controller 130 in another embodiment of
the present invention. The boundary scan controller 130 includes an input part 83, control
means 84, storage means 85, an output part 8 6, fixed data holding means 87, comparison
means 88, and a data derivation part 89A. Since the boundary scan controller 130 and the
foregoing boundary scan controller 80 illustrated in Fig. 1 differ only in the configuration of the
data derivation part 89A, the same reference numerals are assigned to the same parts, and a
description is omitted. Hereinafter, the boundary scan controller 130 is simply referred to as
"controller 130" in some cases.

The data derivation part 89A includes a tristate buffer 94, pull-up means 131 and a signal line
TDO2. The tristate buffer 94 is interconnected with the comparison means 88 and a signal line
TDO as the output part 86. If the comparison result information output from the comparison
means 88 indicates matching between the identification data and fixed data, the tristate buffer
94 outputs the same data as the data output from the output part 86. The input terminal of the
tristate buffer 94 is interconnected with the signal line TDO, and the output terminal thereof is
interconnected with the signal line TDO2.

On the other hand, if the comparison result information which is output from the comparison
means 88 indicates mismatching between the identification data and the fixed data, the tristate
buffer 94 is prevented from outputting input data.

The pull-up means 131 is connected to the signal line TDO2 and a power source, and always

provides
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the signal line TDO2 with a weak current from a plus (+) side supply voltage so as to weakly
pull up the signal line TDO2. Thus, even when the output of the tristate buffer 94 is prevented,
the signal level of the signal line TDO2 is a predetermined signal level. The "predetermined
signal level" is a high (H) level.

Furthermore, since the current which is fed from the pull-up means 131 to the signal line
TDO2 is weak, the signal level of the signal line TDO2 becomes a low (L) level if a signal at
level L has been provided from the tristate buffer 94 or any device outside a semiconductor
circuit chip control device 81.

In order to achieve the weak pull-up means 131, when using a TTL (Transistor Transistor
Logic) circuit for example, the means can be achieved by inserting a high resistance between
the plus (+) side supply voltage (Vcc) and the output, and when using a CMOS (Contemporary
Metal Oxide Semiconductor), the means can be achieved by inserting a P-channel transistor
with a high drain source resistance between the plus (+) side supply voltage (Vdd) and the
output with a gate voltage set such that the transistor may be in the ON state. The gate voltage
may be fixed to a - side supply voltage.

In the event that the controller or the semiconductor circuit chip itself should be defective and
outputs a signal with a minus (-) level from the signal line TDO2, the power source might short
circuit and thus affect even the other stacked semiconductor circuit chips, but such a non-
convormance can be prevented by weakly pulling up the signal line TDO2.

Moreover, as compared to the aforementioned controller 80, the controller 130 can simplify a
circuit configuration, and can help to reduce the size.

The semiconductor circuit chip assembly including the controller 130 and a semiconductor
device configured by stacking a plurality of such semiconductor circuit chip assemblies are
respectively similar to the semiconductor circuit chip assembly 81 and the semiconductor
device 82 previously described. Also, a method of setting the identification data is similar to the
method in the case of the controller 80 of the foregoing embodiment.

Fig. 7 is a block diagram illustrating a boundary scan controller 140 in yet another
embodiment of the present invention. The boundary scan controller 140 includes an input part

83, control means 84,
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storage means 85, an output part 86, fixed data holding means 87, comparison means 88 and a
data derivation part 89B. The boundary scan controller 140 and the aforementioned boundary
scan controller 80 or 130 illustrated in Fig. 1 or Fig. 6 differ only in the configuration of the
data derivation part 89B, so the same reference numerals are assigned to the same portions, and
the descriptions thereof are omitted. Hereinafter, the boundary scan controller 140 is simply
referred to as "controller 140" in some cases.

In the embodiment, the data derivation part 89E includes a tristate buffer 94, pull-up means
131 and a signal line TDO2. The pull-up means 131 is connected to the storage means 85, the
signal line TDO2, and a power source, and if the identification data is not stored in the storage
means 85, the pull-up means always provides the signal line TDO2 with a weak current from a
plus (+) side supply voltage so as to weakly pull up the signal line TD02. Thus, even when the
output of the tristate buffer 94 is prohibited, the signal level of the signal line TDO2 becomes a
predetermined signal level. The "predetermined signal level” is a high (H) level.

Furthermore, if the identification data is stored in the storage means 85, the pull-up means
131 prohibits pull-up of the signal line TDO2. Thus, if the signal level output from the tristate
buffer 94 is an L level, the current which flows from the plus (+) side supply voltage to the
signal line TDO02 through the pull-up means 131 can be nullified, and dissipation power can be
lowered.

In order to prohibit pull-up of the signal line TDO02 by the pull-up means 131, when using a
TTL circuit, for example, prohibiting can be performed by inserting a high resistance between
the plus (+) side supply voltage (Vcc) and the output, and inserting a transistor between the
supply voltage and the inserted high resistance. The transistor is achieved by, for example, a P-
N-P transistor. If using a CMOS, the prohibiting can be performed by controlling the gate of a
P-channel transistor with high resistance inserted between the plus (+) side supply voltage
(Vdd) and the output.

A semiconductor circuit chip assembly including the controller 140 and a semiconductor
device configured by stacking a plurality of these semiconductor circuit chip assemblies are
respectively similar to the semiconductor circuit chip assembly 81 and the semiconductor

device 82 described
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above. Also, a method of setting the identification data is similar to the method for the case of
the controller 80 of the foregoing embodiment.

Since the identification data of every semiconductor circuit chip is stored in the storage means
85 of the controller 80, 130 or 140 in each embodiment, the semiconductor circuit chips which
are disposed in the semiconductor device 82 can be identified by the identification data.

According to a boundary scan controller in yet another embodiment of the present invention, a
semiconductor circuit chip assembly including any of the boundary scan controllers 80, 130 and
140 may be provided with signal selection means 150 for selecting a signal line in accordance
with identification data which is to be stored in the storage means 85.

Fig. 8 is a block diagram illustrating the signal selection means 150. A plurality of signal lines
151 for inputting signals from the exterior or outputting signals to the exterior are connected to
the signal selection means 150. The signal selection means 150 connects the signal line 151
corresponding to the identification data among the plurality of signal lines 151, to an internal
signal line 152. In the boundary scan controller 80, 130 or 140 described above, signal lines 151
are additionally formed in each semiconductor circuit chip assembly in the same number as the
stacked semiconductor circuit chip assemblies, for example.

As illustrated in Fig. 1, Fig. 6 or Fig. 7, an identification data derivation line 153 for deriving
the identification data stored in the storage means 85 is provided in the controller 80, 130 or
140 in order to input the identification data to the signal selection means 150. In the signal
selection means 150, the corresponding signal line of the added signal lines 151 is selected, and
thereby each individual semiconductor circuit chip can be instructed to operate.

For example, if the signal lines 151 are assumed to be chip selection signal (abbreviated as
"CS") lines, chip selection signals can be independently provided to the respective
semiconductor circuit chip assemblies, and identification of the stacked semiconductor circuit
chips can be performed using the chip selection signals.

The semiconductor circuit chip provided with any of the aforementioned boundary scan
controllers 80, 130 and 140, for example, a memory chip, and the semiconductor device is, for
example, a memory module.

In yet another embodiment of the present invention, a memory chip assembly provided with

any of
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the boundary scan controllers 80, 130 and 140 in the memory chip may be provided with
memory chip selection means 160 for selecting the memory chip.

Fig. 9 is a diagram illustrating the memory chip selection means 160 which is disposed in the
memory chip assembly. The memory chip assembly includes additional address lines 161 which
are formed in addition to the address line of the memory chip, a selection signal line 162 which
inputs a selection signal for selecting the memory chip, and the memory chip selection means
160.

The memory chip assembly is formed with the additional address lines 161 in the same
number as the number of stacked memory chips. Furthermore, the memory chip assembly is
formed with the selection signal line 162.

The memory chip selection means 160 includes address comparison means 163 for comparing
identification data stored in the storage means 85 and the addresses of the added address lines
161, and operation permission information output means 164 for outputting operation
permission information on the basis of the comparison result information of the address
comparison means 163 and the signal received from the selection signal line 162.

The address comparison means 163 is interconnected with the storage means 85 and the
added address lines 161, and compares the identification data with the addresses of the added
address lines 161. If the identification data matches the address of the address line 161, the
address comparison means 163 outputs the comparison result information indicative of
matching.

The operation permission information output means 164 receives the comparison result
information from the comparison circuit 163, and outputs operation permission information for
permitting the operation of the particular memory chip if the comparison result information
indicates matching between the identification data and the address of the address line 161 and
the selection signal for selecting the memory chip is input from the selection signal line 162.

In the manner, the identification data which is stored in the storage means 85 disposed in the
memory chip assembly can be employed as an address. Accordingly, even in a case where the
same selection signal is input from the selection signal line 162, the specific memory chip can
be selected and operated because the respective stacked memory chips have different addresses.

Consequently, it is possible to select and operate only the necessary memory chips.
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In yet another embodiment of the present invention, a memory chip assembly provided with
any of the boundary scan controllers 80, 130 and 140 in a memory chip may be provided with
data line selection means 170 for selecting data lines.

Fig. 10 is a diagram illustrating the data line selection means 170 which is disposed in the
memory chip assembly. The memory chip assembly includes additional data lines 172 which
are formed in addition to the data lines of the memory chip and which are larger in number than
the data lines, and the data line selection means 170 for selecting the additional data lines 172
and connecting the lines to the data lines 171 of the memory chip.

The data lines are input/output terminals, and whether the data lines are operating as outputs
or inputs can be specified in accordance with an OE (output enable) terminal and the state of the
RW (read/write designation) or the like. Therefore, data selectors for the inputs and data
selectors for the outputs may be independently disposed, or if bi-directional data selectors are
employed, even the input/output terminals can be achieved by the illustrated connections.

The memory chip assembly is formed with the additional data lines 172 which are larger in
number than the data lines of the memory chip. The data line selection means 170 includes a
plurality of data selectors 173. Identification data are input from the storage means 85 to the
respective data selectors 173. Each of the data selectors 173 is connected to the plurality of
additional data lines 172, and one data line 171 of the memory chip. Any of the additional data
lines 172 can be selected based on the identification data in order to be connected to the data
line 171 of the memory chip.

In the manner, the additional data lines 172 can be selected by the identification data.
Therefore, for example, a memory module in which four memory chips each corresponding to
an 8-bit bus are stacked can be used as a memory corresponding to a 32-bit bus. That is, inputs
from the 32-bit bus can be selected by the identification data and distributed to the four stacked
memory chips. Accordingly, a memory module of large capacity can be easily configured in a
small space by stacking a plurality of memory chips.

Further, in yet another embodiment of the present invention, address lines and data lines may

be added to a memory chip assembly so as to configure the memory chip selection means 160
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illustrated in Fig. 9 and the data line selection means 170 illustrated in Fig. 10, in combination.

The present invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The present embodiments are therefore to be
considered in all .respects as illustrative and not restrictive, the scope of the present invention
being indicated by the appended claims rather than by the foregoing description and all changes
which come within the meaning and the range of equivalency of the claims are therefore
mtended to be embraced therein.

[Industrial Applicability]

As described above, with the present invention, data to be output from a data derivation part
can be made different between a case where fixed data held in fixed data holding means and
identification data stored in storage means match and a case where they do not match.

A boundary scan test is performed for a daisy chain in which a plurality of boundary scan
controllers are connected. With the boundary scan controllers of the present invention, the
identification data of a semiconductor circuit chip at the uppermost stage is held as the fixed
data in the fixed data holding means, whereby the data to be output from the data derivation
part, in only the boundary scan controller at the uppermost stage, can be made different from
the data to be output from the other data derivation parts.

Accordingly, the output part of the boundary scan controllers disposed in the semiconductor
circuit chip of the uppermost stage is brought into a non-connected state, and thereby the data
derivation parts of the individual boundary scan controllers can be connected to an identical bus
line. That is, among the data derivation parts connected to the identical bus line, the data
derivation parts of the boundary scan controllers disposed in semiconductor circuit chips except
at the uppermost stage can be brought into a disconnected state from the bus line. Thus, a
semiconductor device can be configured by stacking the same semiconductor circuit chip
assemblies each of which includes the boundary scan controller.

Furthermore, with the present invention, if identification data is stored in storage means and
the comparison information indicates matching between the identification data and fixed data, a
data derivation part outputs the same data as test result data output from an output part.
Accordingly, the detailed test result data can be obtained from the data derivation part, and the
specific location of a defective connection can be determined.

Furthermore, with the present invention, if identification data is not stored in the storage
means, a data derivation part maintains output at a predetermined signal level. The
"predetermined signal level" refers to, for example, a state of H level. Thus, even when the
output side of the data derivation part is connected to a circuit, the data derivation part can be

essentially be brought into a disconnected state from the circuit.
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Furthermore, with the present invention, semiconductor circuit chip assemblies can be formed
by the same wafer process, and therefore labor for forming the semiconductor circuit chip
assemblies can be reduced. Moreover, when forming a semiconductor device, identical
semiconductor circuit chip assemblies are stacked, and therefore the stacking order and the like
do not need to be considered, forming the device is simplified, and the manufacturing cost is
lowered.

Furthermore, with the present invention, even if a selection signal for selecting a memory chip
is input, the operation of the memory chip is not permitted by permission means unless data
corresponding to additional address lines matches identification data stored in the storage
means. Accordingly, even when the same selection signals are input, the permission means can
permit only the operation of one memory chip, and hence, each of the stacked memory chips
can be operated.

Furthermore, with the present invention, selection means selects additional data lines in
accordance with identification data stored in the storage means and connects the selected
additional data lines to the data lines of a memory chip, and therefore the additional data lines
can be allocated to each of the stacked memory chips. Accordingly, each memory chip can be
operated by connecting to bus lines which are larger in number than the bus lines corresponding
to one memory chip. Thus, a large capacity memory module can be configured by stacking
memory chip assemblies without increasing the types of memory chips.

Furthermore, with the present invention, respective semiconductor circuit chips can be
individually recognized by identification data stored in the storage means. Accordingly, the
semiconductor circuit chips can be individually managed by using the identification data.

Furthermore, with the present invention, a semiconductor circuit chip selected based on the
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1  identification data stored in the storage means is operated such that stacked semiconductor
2 circuit chips can be individually operated.
3
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CLAIMS

1. A boundary scan controller which is disposed in a semiconductor circuit
chip, for controlling a shift register circuit composed of boundary scan cells
respectively disposed between external signal input terminals and input terminals
of an internal logic circuit and between external signal output terminals and
output terminals of the internal logic circuit which are connected in series,
comprising:

a clock input part for providing input/output timings; a test mode input part for
providing the predetermined operation instruction; a data input part for inputting
the identification data and test data of the semiconductor circuit chip;

storage means for storing identification data,

control means for executing the predetermined operation instruction so as to
store the identification data in the storage means, and for performing a circuit test
with the test data so as to obtain test result data;

a data output part for outputting the test result data obtained by the control
means;

fixed data holding means for holding predetermined fixed data therein;

comparison means for making a comparison as to whether or not the
identification data and the fixed data match, and outputting comparison result
information; and

a data derivation part for deriving data corresponding to the test result data
output from the output part, on the basis of the comparison result information
from the comparison means.

2. The boundary scan controller according to Claim 1, wherein if the
identification data is stored in the storage means and the comparison information
output from the comparison means indicates matching between the identification
data and the fixed data, the data derivation part outputs the same data as the test
result data which is output from the data output part.

3. The boundary scan controller according to Claim 1 or 2, wherein if the
identification data is not stored in the storage means, the data derivation part
outputs data indicating that the identification data is not stored.

4. The boundary scan controller according to Claim 1 or 2, wherein if the
identification data is not stored in the storage means, the data derivation part
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maintains the output at a predetermined fixed signal level.

5. The boundary scan controller according to any one of claims 1 to 3, wherein
if the identification data is stored in the storage means and the comparison
information output by the comparison means indicates that the identification data
and the fixed data do not match, the data derivation part maintains the output as a
predetermined constant signal level.

6. A semiconductor device comprising a stack of semiconductor circuit chip
assemblies, the semiconductor circuit chip assemblies configured by disposing a
boundary scan controller according to any one of Claims 1 to Sina
semiconductor circuit chip.

7. The semiconductor device according to Claim 6, wherein the semiconductor
circuit chip is a memory chip, and

the memory chip assembly includes:

additional address lines which are formed in addition to address lines of the
memory chip;

a selection signal line for inputting a selection signal for selecting the memory
chip; and

permission means for permitting an operation of the memory chip if data
corresponding to the additional address lines of the memory chip and the
identification data stored in the storage means are matching and the selection
signal is input.

8. The semiconductor device according to Claim 6 or 7, wherein the
semiconductor circuit chip is a memory chip, and

the memory chip assembly includes:
additional data lines which are formed in addition to data lines of the memory
chip, and which are larger in number than the data lines; and

selection means for selecting the additional data lines and connecting the
additional data lines to the data lines of the memory chip, in accordance with the
identification data stored in the storage means.

9. A semiconductor circuit chip identification method for the semiconductor
device according to Claim 7, wherein the respective semiconductor circuit chips
are identified by the identification data stored in the storage means.

10. A semiconductor circuit chip control method for the semiconductor device
according to Claim 7, where the semiconductor circuit chips which have been
selected on the basis of the identification data stored in the storage means are
operated.

_35_

INTEL-1009
7,826,243



O 0 N O Ol s~ W N

W W W W NN DD DN DN DD DN DD DD DD = = e e e e
W N = O W 0 =S Ul WD = O O 00~y U Ww N = O

WO 2004/072667 PCT/JP2004/001430

Amended Claims
[July 28, 2004 (28.07.2004) International Bureau Acceptance: Claims 1, 2 and 5 of the initial
application were amended; the other claims have not changed. (3 pages)]
CLAIMS

1. (Amended) A boundary scan controller which is disposed in a semiconductor circuit chip, for
controlling a shift register circuit composed of boundary scan cells respectively disposed between
external signal input terminals and input terminals of an internal logic circuit and between external
signal output terminals and output terminals of the internal logic circuit which are connected in
series, comprising:

a clock input part for providing input/output timings; a test mode input part for providing the
predetermined operation instruction; a data input part for inputting the identification data and test
data of the semiconductor circuit chip;

storage means for storing identification data;

control means for executing the predetermined operation instruction so as to store the
identification data in the storage means, and for performing a circuit test with the test data so as to
obtain test result data;,

a data output part that always outputs, for outputting the test result data obtained by the control
means;

fixed data holding means for holding predetermined fixed data therein;

comparison means for making a comparison as to whether or not the identification data and the
fixed data match, and outputting comparison result information; and

a data derivation part for deriving data corresponding to the test result data output from the output
part, on the basis of the comparison result information from the comparison means.

2. (Amended) The boundary scan controller according to Claim 1, wherein if the identification
data is stored in the storage means and the comparison result information output from the
comparison means indicates matching between the identification data and the fixed data, the data
derivation part outputs the same data as the test result data which is output from the data output
part.

3. The boundary scan controller according to Claim 1 or 2, wherein if the identification data is
not stored in the storage means, the data derivation part outputs data indicating that the
identification data is not stored.

4. The boundary scan controller according to Claim 1 or 2, wherein if the identification data is
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not stored in the storage means, the data derivation part maintains the output at a predetermined
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fixed signal level.

5. (Amended) The boundary scan controller according to any one of claims 1 to 3,
wherein if the identification data is stored in the storage means and the comparison result
information output by the comparison means indicates that the identification data and the
fixed data do not match, the data derivation part maintains the output as a predetermined
constant signal level.

6. A semiconductor device comprising a stack of semiconductor circuit chip assemblies,
the semiconductor circuit chip assemblies configured by disposing a boundary scan
controller according to any one of Claims 1 to 5 in a semiconductor circuit chip.

7. The semiconductor device according to Claim 6, wherein the semiconductor circuit
chip is a memory chip, and

the memory chip assembly includes:

additional address lines which are formed in addition to address lines of the memory
chip;

a selection signal line for inputting a selection signal for selecting the memory chip; and

permission means for permitting an operation of the memory chip if data corresponding
to the additional address lines of the memory chip and the identification data stored in the
storage means are matching and the selection signal is input.

8. The semiconductor device according to Claim 6 or 7, wherein the semiconductor
circuit chip is a memory chip, and

the memory chip assembly includes:

additional data lines which are formed in addition to data lines of the memory chip, and
which are larger in number than the data lines; and

selection means for selecting the additional data lines and connecting the additional data
lines to the data lines of the memory chip, in accordance with the identification data stored
in the storage means.

9. A semiconductor circuit chip identification method for the semiconductor device
according to Claim 7, wherein the respective semiconductor circuit chips are identified by
the identification data stored in the storage means.

10. A semiconductor circuit chip control method for the semiconductor device according
to Claim 7, where the semiconductor circuit chips which have been selected on the basis of

the identification data stored in the storage means are operated.
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Description based on Article 19 (1)

Claim 1, Claim 2, and Claim 5 as initially filed have been amended.

Amended Claim 1 was clarified to show that the data output part "always outputs". In Amended
Claim 2 and Claim 5, "comparison information” was corrected to "comparison result information".

The invention according to amended Claim 1 (hereinafter referred to as the present invention) is
for resolving a situation where the electrode location is not free when making a three dimensional
multilayer module using identical chips.

Document 1 discloses that one chip of the chips that make the multilayer module has a full set of
boundary scan controllers and logic that distributes a signal , and the other chips have a subset of
boundary scan controllers that function according to the distributed signal. In other words, Document
1 has a different configuration for each of the stacked chips.

Document 2 discloses a test circuit where the scan input data and the scan output data are bus
connected, and instead, a scan address/data selection destination is added in the scan path test. The
scan input data , and the scan output data are bus connected, and a circuit is provided for determining
whether or not to output the scan results as scan output data based on whether the address
information held in the test circuit matches or does not match a provided address. However, in
Document 2, the scan input data and the scan output data are bus connected, so there is a need to add
a scan address/data selection line, and one or more test lines are redundant when compared to the so-
called boundary scan test line disclosed in the present invention.

Document 3 discloses that a boundary scan circuit is formed with a thin film transistor over an
insulating layer provided on a semiconductor substrate, and Fig. 9 discloses a test pad when a
plurality of chips are used by stacking. However, there is no disclosure related to a connection
method with identical chips and identical electrode locations as with the present invention.

Even if the aforementioned Documents 1 to 3 are combined in this manner, there is no disclosure
nor suggestion of the technical concepts of the present invention, and the invention would not be
obvious to a person of ordinary skill in the art.

The features of Claims 2 to 10 are also not disclosed in Documents 1 to 3.
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LTHERSNBI LR, 13tV T, BBEE27, 28 2/BRTx
L. e 2 9 £ MR TR,

FBOF TR, FyTBRESFBASISINDF vy 7REREFLI6 L, Fv
TEEBEL, BEBFILEANALT, TROF vy FICRITONIEBREHE2 8 &
FHECERTIFOOERER3 3 L, Fy7AERKEF16 LEBERS 3
CERHECERTOIEDODOERRI 4L E2FT S, EBROF X, TEBIW
FEROFy LR, BREREZ 1 ST TRITIIERTHFLTHS, DFD.,
H14BNTHRERTRENSEBER3 5, 36ZERLTHE RN
i, K14iZBWT, ERER3 3 ZRMRTRL, BHER3 4 2BRTTR
ke

K12~K1AZRTEBRIF—VIE, FTOFYFIZRITTEBLIMLERD B,
Thbb, EBINZF o7 ik, ZOF v TEERTEI VAT rERZBNT,
TROF v 7LIRF v 7 LTERTEHEZ L RS,

RBEBORRZF vy 72HBBTHIHBEICBWVWTIR, TREFRZFRANF v 7 TH B
DT, BZEBLTHREEIRW, LELAERL, R—0F v 72 S8BT 5
BE. RLXEAEV22EHEBLTREEAEY 2EZRTHHERLEITBNT
X, A—F v 72BBITHAZLENTERNOT, BETIHLT., BloBEOF

_3_

INTEL-1009
7,826,243



WO 2004/072667 PCT/JP2004/001430

YT ERDBLERDY, ROBXFRABKLEIZRD,

ERREEREEYERTOIEOOFEEREB T, BEShEF v FRERS
NTVEINEIPZERNICTAINTE2D0RIE, 2FV AV FYAFy o
Yhe—ZERETE,

Ry FIRFrraryba—J3 XU FIIXXX U TAMNORKE, 5
ADEBBRTDI (Test Data input: 7 —F AHE) , TDO (Test Data
Output : ¥ —F HAHE) , TCK (Test Clock input: Z a7 AAE) , TM
S (Test Mode Select input: 5 A FE— FANE) , TRST (Test Reset
input : 7 A MYy PAAR) ZHET S, ZEL, TRSTE, A7¥ 3T
b,

J TAG (Joint European Test Action Group) DI IZHENLT BT L&Y
A¥ ¥ TR, FEEEBICBWTETF vy PICHBRAAERY VF ) AF ¥y
Yie—ZDFEEHRTDI S TDOZEHRICER TS, Mg, 2oy ¥
AFxxraryiu—70EEROERET AV —FT =~V LRETIHBEBD B,
EEHMTCK, TMS, TDI, TRSTZRUTAHBEHT 3,

Wiz, "UVEFYV U AXx TR NOFEERATS,

15k, RyryFIRFrraryin—S287538EOF vy THMIKI C
DEFEREZ RTEERTHY, K1 613E1 5 0EKERICBWT, Fv 7 #r
EICHABBEN THRESNABEBEY2— V503 RTETHS, BEEY
—/5 0%, BEOFyFBAKICL, IC2, =, ICn (nix, 3ULD
BH) PHEESLTHEEENS, DE, FyTHEIEKICLI~ICn%2BHT 3
BA, Fy7ICLEHTS, BEETY 2501, X7 &5 208K
N, Z0axrF521 ) TAGT A —REgERInd, 16 T, E»bIE
CERTE, PERBIOCRERICEREEINSF v 7HIK I CERT,

EF v THIMEI CIZBWT, EBEMTCK, TMS, TRSTiZ, Fv 74
YEI CICRITONBZERNRNF— 2N LT, HERIEFIZ, 27 F% 52 0%
ST VICERIND, —F., EEHRTDI, TDO., BIEBAIOF v ST
EICOEBFTBRTDOMEEMUOF v FHIAKEKI COEEHRTD 1 IZNERAFRE
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mans, B 1BEOFy THRAIKICLIOEERTD I BL VR LEEDF

Y THIEICnOEERTDORK. 2XZ7F5 20RIETAIL U ICERINT
Wa,

TOEICHBEEINEEBEEY 2 — A5 0IZBNT, JTAGTFRFZ—IzLk»o
TFy7HMAB I CEREMTAIZLIEL T, BCOF v 7THRIEICITRHLT
—FIL, AU FY R T A MRTOND,

BREYV=2—150Ti, REBICEBENSFy THIEKICnTETF, 20
Fy FHEIEI CnAOF y FTHRIMEK L IZR LRI BEREZTILERNDD, 20
e, BREBEOF v THIEEI Co i}, tOoF T LIvznTeERTLo
THEVDTEBHERD D,

M17RBLUKL 81X, H16ICFRTHEBEEY=2—150CBT5F vy M
EORBRAF—VE2RTHERTHY,. R17TBIVCRI 8 TR I =—RAT v 7
CE-TF v 7HMEERBETSBEERELTCND, 7=—AXT v 7Lid &
Wz LTF vy 7ORIKBEARNUZANWTEBINSZEHETHE, A
eH, M1 7TRIVCKL 8 TR, FyMAKICRITONZEBREEG 1, 6 2
L. ZOBEREMG 1, 62LF v TOERRKET63~68FETORRDALEE
AL, Fy 7B XOEBREER SIXRR LRV,

M17i% ETEBIVCHECTFy THAKOERNRF—VEFTRERTH
5, ZETEBEBICHBEOFy 7L EIX. TDIDOF vy FlEERIEF6 3L, T
DODFy FRIERHEF6 4+, TCRREEENARERTIEHOT v FRIER
WF65&, TDIER2EETA2EHOOHEBERT7 1L, EBEEW71LTD
I OF v FTIERFRT 6 3 LEEKkT 2HEMmMR7 2L, TDOBFEFELEEROF v
FIEETHEOOERRFT7T3 L, TDODF v FAlEGREF 6 4 - EHRIRTF
T3LEBIF v 7 LOBRRTA4 L, TCRRLEARERTILDOEEE
B75L, BRBER7 5 L TCRKARLEARAERTEIEDOF v FAERETF 6
S5LEERTHITF T LEOERRTE6 L, TCKREDERR2LEOF v 7itis
BT OOERBFTTLE, REEOF v 76D TDOESZ TRICRT
HOEBEMT 8 LEEL,
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181k, REBOF v 7HMNEOERAF -V Z2RTHRERTHS, REE
DOF v FHIEE, TD 1 OF v FUERRT 6 3L, TDODF v FRIERR
F64L,. TCKREEARERTILOOF y 7HAlEHRMETF65L, TDIRE
BEREETIEOOBBER7 1L, BEEWR7 1L TDIOF v FRHHERE T
6 3LEEETARBERT2L., TCRELENAERETHILOOEEEE7 5
b, BEEBTS L TCRKREZARERTIEDOF v 7 HIHERRF6 5 &%
BETAFy 7 LoERBRT6 L, REBOF 7P bOTDOESTE TRIZK
+TEbOEBREE7T8L., TDODF v I AIERRIBET 6 4 LERERT 8 Lok
BTHEREBRT 9L EE T,

M17RBIVOEL SICRTLIRBETEBLIOPEDOTF v FHAIIKIZEIT HE
iy —r BEBOFvFHIEBICBITIRBRAAY— X, TOEAENR
OF v THMEIZR T TEHLERD S, TROLEETHETF v FHALEIE,
TIATRERICBWT, MOFy FHRNLEE LTERTRZLERD, NU YV
FURF 2 EFO5BATIE, MOoF v 7HRAECTIHERDHEDIZ, B17
BIUOELSIEFRT LS5, ZEBOF v THRIFEOHLTHLR, A—DF 7
PEFEBTAEA. REAREATV2EZEHMBLTREEAE ) 2RATIE
AREIEBVWTIE, A—F vy 72BBTH5ILBTERVEVIHERD D,
[#B ORR]

AEFROBHIL, ATV FV AFX Y UERRBTAZLNTE, PORBEOYE
KEKRFy 75fB L CREFEBEHBR T O ENTELINT T Y RFy
arviru—SRH{T5LTHD,

AFBIT, FEEEREF v FICRIT DI, SEREBSANETF & IR RERE O
AABF L OB, BLIUABESHIET L ATREBRRKOH AT L ORIICE
NENBRTONBEAT L F Y AF % VEAREIICERSW TSNSV Z b
VORFEIRERBET AN F YV RAFY Ay bR=FTHOT,

FTHEDAMERS. LEEERF v TOBNT —FBLOTRA T —F 2 A
HTBAHEE

BB — ¥ 2 RB T RBFR L.
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AMAZAIV I EELD Iy 7 ADEE, THEDLIHERMFTEEZDT
2L E— FAAEE, FEERRF v 7OBBT—FBLET R PT—F 2 AT
THET—FZANEL,

HETHEDSMEASEEFTLT, MATF—F eRBFRICRRBSED L L
Bz, FAMF—2#BVERET R FEETLTT R MERT —F 2R/ 5 H1#
FEL.

HEEBRIZ > TBLNETRA MERT —F2HAT 57 —FHAR L,

FOEDLBET—FRRETIEET —FREFERL.

SEENF — A BLOCEET —FRRA—ChHEPELE LB L, Ml s RAEH®
EHATHHEFERE .

P B D DB RERICESNT, HAREPLHAINET A MERT
R RS T AT — A R EHT AT — A EHBEEED I L EREE TNV
FVAFyrarytua—73THD,

ARBEICRZIT. TA ME— FAAB»LFOBFEAEISEZ0ND L, HH
FRITOEDLIHEMSEETT S, FAHFRIL. TOEDIDEGFTERT
FAHEEILEAT, F—FANEP AN SN ZFEEBRRT v T ORBBNT —F
PEIEFBICREBSE., EET—FAANBPOANSNET A M —FZRAVT
ET 2 FEETLT, TAMERT—4%8B5%. TR T —F2RVEERBT
2 MEL BE YT NUURZEREHE L CETEINSEHEFERT v 7D
BT AFTH S,

HEFERE, BETF — Y REFRICRBINIBEET —F L, MEFRICERE
KRBT — & LARA—THEPENLBLT, A—THoHEKIK, A—T
BT LERTHBEEEEREHA L, A—TRVEAICE, R—TonIts
FrHEREESREHAT S, F—F BRI, HERRERICESNT, BBl
F g LEETF—FZ ERA—THBIEAITIE. TAMNERT —F T 2R —
ThBBEADTF—FEHAL, BANF—F LBEET —F LAR—TRVWEEITE
Fz MERICHETAR—TRVWESDF—F2HAIT D, Lih-> T, HikE
FF B EOEAF— 2 RA—ThIBA L. A—TRVWEELT, 7—4E
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HEP A ENET — 2R bR B ENTE S,

Ny BV RAF T A ME, BB LAV FIRFyraryin—F %
EREIIE S v 7108 CREEEE T v PRI EEBE L, ZOREERKETF v
THSEZEE L CER SN S FEEER BT, SXEERERT ~ 7l &
DEFREERHET22DICTORD, ZOATVF I XX 7R ML, B
DY ENVRAFY a2 b= 52BRELETAV—F=— IR LTITbh
By TAV—F=z—rTiX, TRONY UV FIRFYrarban—307—FH
AL, EBROAG U F YV RAFrrarbn—307—% AAEICERSRLS,
ZL TR EBEOLEERREF v 7 CRITbNZNAYV UV F I Ry raybu—7F
DF—ZHIEH L, TAMRT—FEBHT, NV FIRXP U TRALT
i3, JTAGTRZ—IiZX - T, FANBPOARAY U F )V RAZ ¥y rabn—7
~DEIEMT, BT —FBIOTRA N —FDAN L, HASKDEF—FZ DK
HA31Toh s,

AEHOAY L FIYRAFrraybua—5TER, BET—#¢ LT, BEED
FEBEREIEF Y 7OBANT —F2EAET —FREFRIIBRIXI LI - T,
BREEONY U FIRAFyraryin—2FEF, 7—2EHENbHAZINSET
— 5%, MOF—FEBHEPOHASNET—F L ERLERZ LN TES, L
EBRoT, ZREBUAOERERERF v FICRITONEINAT S F I XX ray
re—F 07 —FZHAERIE, EERRKEBL LT, AV F I RAFyrar b
— 707 —FZEHEPIL, A—DARTA Y ICERTEHIZLNTES, 2FED, [
—DARRAZFA VICERSNDE T —FEHED > B, R EBRUADLEEREST >
FTIRIToNBENAY U FNR Xy raybo—Z07—~FEBHENH SRS
KRR, 21X, BDA U E—F U RATTIAT v 7H LRIV E T LR
BT 5, bLLIK, 7u—FT 47 ORELTHIEICIVEERELE, Z0F—
ZEHEEANARTAUPOEB LEREBLTEZLRTES,

LERoT, AUy FIVRFrrayiu—J32H25R—0OFEERRKSF >
FHEZBREL T, FEREERRBE T LA TES,

FARZERX, AIRREFERICHRNT —FBRRBS . EEBFEENHAITEH
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BIERA, BT Y BIOEET — 2B —BT 52 LEFTHEE. 7 —FEY
iz, T HAEREATETRA MNERT —F LR—DT—F 2B ANTHL
BRI L T 5,

AFEHICTE LT, DEFRICENT — 7 BREIN. LBRERFSENT—F8
FUOBEEF—EZR—HTHZLerRTHA, T XEHIE, 77— HAWMIHY
HTBTFAVVERT—FLRA—OT—FEHIT2, LiehoT, F—FEHE
Phit, TR MERF—FLRA—OT—ZBNHAINDDT, FMRT R MER
F—HFEAZENTE, BEAROHFEMBRBEHERET S LB TE D,

FARKHIZ, MEREERICHENT —ZRBRBENTNRVES, T—FE
HEHLbHAENETF—F %, ONY U FIRAFyray b —JF3R@ETE
ZBVIREEL T B LT o T, T FEHBICERSWEAY VT Y AT v
Yhu—ZEEEMICEHLTEI L eFRET S,

H LIk, T FEHEOHAZTFOEDZEFTVANCHRET S Z L 2R
LB, FOEDBEESLANEE, LEAEHVLORE, bLIE AW
AV E—F L ATHVRNVITINVT v 7EI3NTERETH 5,

AFEBHICEZIE, 2hick-oT, F—FEHROHAMIZMD AT F Y 2%
rravir—SBEREN TN TH, EELE UEOAY U FYRAFpray
Fr—SEREIELARY, RUVFURFrrarho—F RS WK
BRARBTHAIBEETH, AUV F I RFrraryiu—J3BELRNEZDA
HABRIEIVEEShEREL Y, L 2iX. FRTH I FEFEEET v 72
BEZABACVORELLRS55ELTH, HARSHKWTAREEGIIERTE 5,

AEHIZEZIZ, AETF—FZE—HLRVEINT—F 252201 20F v
IHREBOR D LOBRUANCREBEINIBA LTS, RIBFERICHIT —F B8
Bah, LEFESHATILBRERR, BANT7—FBLOCBET —F B —HL
BWZ EERTEA, T ENERE, EEL AIRERI»OUVEEShZRE
LTBZLEBTED,

FARRAZ, ATERERRICENT —ZMBREIN, EBRFEIHNITIH
WIEWMS, HAF—FBIVEET — P —HLEZLERTHE. T —FEH
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ik, T2 HAMERALT —F2HATEHLEBHLETS,

FERAICHXIZ, BET —FL—HLE#RNT—F¥ 252501, F0Fv7
DEBORED LORIIEBEINSGBE LTS, EFERICENT -2 2B INh,
HEFENHEAIT A HBRIERS, BT — 2 BLOBEET B —FH Lz %
AYEE. T XEHTIX, TS HAMERALT -2 2 AT B,

COHAT—FZOWMIBLICLEY, DBICER-T0WEANAT U FY XFp
e —ZEEDCEEIRB I ENTEBZ LSk B,

FEAEHIL, IERBEFRICHENT - NEESh, REBEFEINEATAR
BIEBRAE, #ANT —FBLIOBEET — R —H LAV LE2FTHA, F—FiH
HEBIX, & 213, BVA VY E—F U ATIAT v 7 LRI AF T Lk
B, bLiF, 7e—T 4/ DORELTHZLE2EHMLETS,

AERICEZAIX, BET—FL—HLR2VENT—%%252501F., #F0F v
THRBEOR LBUACEBINIBEA LTS, BRTFRICENT—Z10B&
., WEBFENHAT S HEERS., #NT— 2B LOCEET— 28— LW
ZEERTEHEAE, T YEHEER, L XIE BVAS VY —F U RTIAT S
BLREFAF T LERE, bLLE, 7r—FT 4 7OREL L, EE L.
CTOTFT—FEHRENRT A PR LIEREL TS,

FARERIZ, AIRAV IV FIRFyrar bn—5 2B EKERTF v SICR
JTHEERIRT v THRMEIER S L, BIRFEERES v TR EZHEE L
THRRINBEZLEREETIPERERTH S,

AEBIRE T, FEEEETF y TR EER—O VAT X Tk o THE
BTDILNTEZIOT, ZOXEEEKT v 7THIKREHRT 2 FRSER S
hd, EFEREBEIERTIHEIC. RLYEERERKF v AR EE2EET
50T, WMETHIRELRLE2EBERBTHIHEN 2| BBOFENEH L2235,

EAERIL, IRYEERET Y 7iIX. A2V F 7 THY,

AEY F v FHIEIT,

ARV F v TOT RVARIZEM L THERISNIBMT FL B L&,
AERVF T 2BRTDEDBREFEZANTHIRIRESR L.
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SEAEUF v FOBEMT FURRICHIST 25— &, RRFRICTES
NBBAF — & LR L, DOBREFRANSNBHAIL, ATV F v 7D
BER AT AR L EE0 L EHME TS,

AEFICELIT. ATV F v 7ORRT HBREERAASNEL LTS, &
M KL R B ET 57— ¥ L REFRICRE SN MR —F LK L%
WE. BAEBI Lo TAEY F oy 7OBERFTS AR, LERST, RA—
DBREEEAALEE LTh, HUFRIZ1O0AE) Fy FOBEDLEH
AT ATLRTED, “hitkoT, MBENBATYFyFILICHIESES
T LRTEB,

FRARPIE. BREEEERT v 7, ATV F v T THY,

AEYF v AR,

AEYF v FOF—FRITBML TR S, FIRT—FROKLID B2V
BT —F B

TR RSN ARBIT— A It L 2T, BMT— S BEBRLTAEY
F oy FOF—FBICEET S BRER L 2 &0 L EBHRET S,

FrARBICHE L. BREER. DEFRCERSNIBAT—FIckoT
BT —ZBERBIRLC. ARV Fy 707 — ¥ RICERTHOT, BEIND
AEYF oSBT —IBREERCHRIENTEDS, LEX-T, 120X E)
F o FPERIETBERRTA VIV BB VARRTA VICERLTAEY F vy 728
EERDBILENTED,

¥ ATHL. BIEREEAREICE T D RUEERET v 7RI IETH S T,
RSN RAI T — 5 IC ko TELERERT vy 7R RAT B L&
B L B KR E O LEEERT v SRS TH B,

AERICRERIE. RETRCRBSNARNT —F ko TR L EEERT v
S BB B LR TE D, Liedo T, BT —& 2 AV CHEEEE
F o 7R EICERT S LBRTE B,

& ASEIE. M EEEREIC R 5 EUEERT v THEFIETH - T,
S B | SRS S B MBS — & RSV CRIR Lk B E BT v 7 B R

_11_.
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FhED L BT 5 M EEEOFEEERT v THETETH 5.
KRG 2 1. REERICEES N AWEIT — & I ESCRR L ki
AKF v 7 IcBEE e 50T, MESNSFEERET v 7 2 BRICBIES
B ENTED,

[REOHERHA]
¢%%®E%\ﬁé\%lﬁﬂﬁm\T%@%M&%%k@ﬁk#%ib%ﬁ
2B THA D,
@1ﬁ\xﬁﬁmimm—%%ﬁ%5NWV§vX%%V:VFH~380%
RT 7Ty 7HTHD.

K2k, SuyF)RErrarbu—7 80k REKERT v IR TR
AN B REARKT v S8 1 27T TRy 7RTHD,

3%, LEEEBF v FMTES 1 R EEEE L ORRSh D FEERES
2% FT7uy/ETH D,
E4m\3VFD~?80®%%$&85Kﬁ%?—5%%i?é@¢%%#
Ju—F¥—hrTHD,
®5m\zVFQH?S0%*@@@%?y7ﬂﬂﬁf%ﬁéhé¥§%@%
F o FHTES 1 OEBARZ —rO—HERTHERTH 5,
@GM\ﬁ%%@éBﬁﬁwimmﬂﬁwﬂﬁyﬁUz%yy:yLu—ﬁ1
30 R+ uvy IR THS,

7. AEAOS bIMOEROHBROAY S FI ATy a3y tr—71
A0%F T 7Tuy /R THD,

M8k, EERRFELI502F7T 7y /RTHS,
@gm\%%U?y7MEWK$HBM5%%U?yf&ﬂi&l60%%?
RTH D,

10, AEYFy FRIECRTONET—FRBRFEL 7 0EFTH
Th D,
gllﬁ\?—7%?971%%wf?v72%ﬁ@bt¥ﬁ¢§ﬁ%%fﬂ
BHTH 5,
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M12i3. RE2EBRTHEWEE T v 2B L BRSNS EIKEE
ZHATEILDODORTH D,

M13i3. REX*EET3EB2E-T v 72 BB L ORI ¥ EERKE
EHATAZODORTH 5,

14k, RE*EETIERE2E-F v 7 2BB L CERS NS FEEEE
PHBATAHAEDORTH D,

B15ik. "7y FIURAFY T RAMNOFEZRATILILDODORTH S,

16k, NV FI U REYVyTAIOFEZHHTILDORTH S,

M17i3. BR16IRTHEEEY2—V50CBiT2Fy THMEDORR NS
— v ERTHRERTH 5,

M18i%, M16IRTHEBES2—/N50ZBITEF vy THMEDRR S
—rERTREARTH S,

[ZB %2 2T 5= 0KRROFE]

UTHE*2EIC L CARREHOFEREBHZFHEMICHHAT S,

M1k, ARPOERO—FHETHEIAV UV FIAZFyrarbre—780%
FTTuysEThS, M2, NUVFYRFyrariu—7 80 2¥EF
M F v IR TR S A ERERTF v 7HEMNES 1 2R 7y 7T
5, NEHEREKO 7 L4AMLOBEREETIXILIOEEHEREL TS, B3,
W RERF v THTES 1 2 EHEB L CER SN HERES 22777
by s RThE, KEROWEOAY L F Y A%y 2y hr—5 800, JT
AG (Joint European Test Action Group) MDIRIZICHEIL L CTEIET H, UV
FUARFyraryin—3F 80k, FEEREES 2TV THEEKREKET v 72
BESN TWADPEPEERMCT A N T2 DORIKETH D,

Ry F I 2Fyrarbu—7804., ANFE8 3., HIEFRS 4, REREF
B85, HAE86, BETF—ZRFFES 7. BRFHKS 8RB I VT —FEH
W8 9Fgl, U, Ny F I AFyrarste—38 0% Iz tr—7
80 LEHMTEIBENDL D,

ANEE S 31k, FHEDBEBEMS. R EERKT v 7ORNT—FBLTCT
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A NF—BEAFTEREVITAAL L ET2—RAThHB, ANEB ik, 4KDIE
28T CK (Test Clock input : 7 2y 7 AFIHE) , TMS (Test Mode Select
input : ¥ A hE— KANE) , TD1 (Test Data input : F—FANE) , T
RS T (Test Reset input : 72 Uty NAJIE) 2FT 5. Bk, FHEKE
BF v FOEBAT —F 2 BICHBT —F LERT 2EREH 5D,

TCKIZ. IMFEER S A ABhFA IV T 252 BEOVAT AR YT
LM LET A NEAO I ny 2 2 RBTHEBRRTHS. TMSIE, THED
LEERESZAAL, TR bEMERBIETBESHRTCH B, TD Lk, &BITF—
FBIOFRA N =25V )TAANTEEERRTHS, TRSTIH, =2k
—5 8 0 ZFERMMICHNBILTEEOOT—FEANTHEFRTHL, TnbD
AXDEEBRIZ. ABOIJTAGTFRI— K LoTHIBEIh, "RV FIURX
¥ UFRINTFONE, KEHEOFETIX, ANH8 SITEEFHRTRS THRIT
Enais., JTAGHRRBTIEA Vs VBT THY ., ARFADOHMDOEROBIEIC
BNT, ASES 3k, EEHMTCK, TMS, TDID32&2ATHHKE L
ThH LV,

AHES 313, HIMFERS 4 LHAAEKCERSH., JTAGTRAI—»bEXD
NETHEDIBERS. BT —FBLOTR M- EHIHFES 4ICEX
5

HIMFEERS 413, AHM8 3nLREFES 5 ICHAT —Z ZREBRSTIBIE
SABAREIND L, ZOHEEETLT, ANE8 3NDbANENBEHAIT —
FEFa—FLTEBFES s ICRBSEs, EGlHFHS 413, ANES8 3
MERT YT A% Y T A NEEFTHAREMSBATINDE L, ZOMTwE
EFLT, AW INBANENBETFA T —#ERVWEERBT A F&ERTL
TFA IVERF— BB, BUF—FEREREFES 5 KBS EIBEMTII.
L 2IEATVE I AX Y U ASOREM—FEEY TS, BET A MEET
F2EE. BIWMFEES 413, Ry UF I A UHBEESEHALT, RS
7 PLVRAFEIR 9 1 ZRIET S,

HMFES AT, A VAT I VsV VIURFE FRAMNT—FLIRI LR
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G, AVANT 2 av U IRIF, AUV T VAR T AMRRITTHIC
DOBET—F FEALTEDDOGFI—REEY FT5200b0THD, TR
FFE— L TUREE, RV FVRFX VT A ZRTTDEDDOT A MRS —
VE— Ay hTREDDLDTHDB, AVAI T IV a v VVRIBIVT
ZARF—FULURFE, WTRLB, YT PRI OWHRLRoTBY, T—F
PELASVHBTEES AZANENE L, EERTDINPLANSNETOHE
DABEASBIVOEET — ¥ %, BMIRY 7 PPV RFZENLT, FHERTDO
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