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6 (57) Abstract: A boundary scan controller that allows a boundary scan to be executed and also 

7 allows a semiconductor device to be manufactured in such a manner that the same type of 

8 semiconductor circuit chips are stacked. Comparison means (88) is used to compare 

9 identification data stored in memory means (85) with fixed data held in fixed data holding 

10 means (87). When the identification data is coincident 
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6 with the fixed data, a data deriving part (89) outputs the same data as an output part (86) does. 

7 In a boundary scan test, a data deriving part (89) of a boundary scan controller (80) provided for 

8 each semiconductor circuit chip is connected to the same bus line. When the identification data 

9 is not coincident with the fixed data, the data deriving part (89) can be substantially 

10 disconnected from the bus line. In the way, the same type of semiconductor circuit chips for 

11 which the boundary scan controller (80) is provided can be stacked, thereby manufacturing the 

12 semiconductor device. 

13 

14 (57) Abstract: A boundary scan controller is provided that allows a boundary scan to be 

15 executed and also allows a semiconductor device to be manufactured in such a manner that the 

16 same type of semiconductor circuit chips are stacked. Comparison means 88 is used to compare 

17 identification data stored in memory means 85 with fixed data held in fixed data holding means 

18 87. When the identification data matches the fixed data, a data deriving part 89 outputs the same 

19 data as is output by an output part 86. In a boundary scan test, the data deriving part 89 of a 

20 boundary scan controller 80 provided for the semiconductor circuit chip is connected to the 

21 same bus line. When the identification data does not match with the fixed data, the data deriving 

22 part 89 can be substantially disconnected from the bus line. In the way, the same type of 

23 semiconductor circuit chips that are provided for the boundary scan controller 80 can be 

24 stacked, thereby manufacturing the semiconductor device. 
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DESCRIPTION 

4 BOUNDARY SCAN CONTROLLER, SEMICONDUCTOR DEVICE, METHOD FOR 

5 IDENTIFYING SEMICONDUCTOR CIRCUIT CHIP OF SEMICONDUCTOR DEVICE, 

6 AND METHOD FOR CONTROLLING SEMICONDUCTOR CIRCUIT CHIP OF 

7 SEMICONDUCTOR DEVICE 

8 [Technical Field] 

9 The present invention relates to a boundary scan controller for testing connection states of 

10 input/output tenninals of a plurality of semiconductor circuit chips which constitute a 

11 semiconductor device, for example, a three dimensional multilayered LSI (Large Scale 

12 Integration). 

13 [Background Art] 

14 As demand for high density packaging of semiconductor circuit chips such as large scale 

15 integration (abbreviated to "LSI") has increased, it has been proposed to enhance packaging 

16 density by stacking semiconductor circuit chips in a vertical direction, namely, in the thickness 

17 direction of a circuit board. 

18 There is a semiconductor device wherein, in order to achieve high density packaging, 

19 semiconductor circuit chips stacked by tape carrier packages are respectively connected to a 

20 circuit board. Such a semiconductor device, the tape carriers include identification signal lines 

21 so as to be capable of identifying the individual chips. Hereinafter, the semiconductor circuit 

22 chips are simply referred to as "chips" in some cases. 

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

24 using tape carriers I, and Fig. 11 illustrates a semiconductor device in which three chips 2 are 

25 stacked. Each of the chips 2 includes a first chip side tenninal 3 to which a chip selection signal 

26 for selecting the operation of the individual chip 2 is input, and second tenninals 4 where other 

27 signals are input and output. Furthennore, a circuit board includes tenninals 5a - 5b on a first 

28 circuit board side for providing the chip selection signals to the respective chips 2 independent 

29 of one another, and terminals 6 on a second circuit board side for providing and receiving other 

30 signals. 

31 The tape carrier I includes a wiring line 7 which connects the first and second chip side 

32 tenninals 3, 4 and the first and second circuit board side tenninals 5, 6, respectively. The tape 

33 carrier 1 is disposed separately from the chips 2, and is fonned by being stacked similarly to the 

34 chips 1. In Fig. 11, the tape carriers 1 are the portion indicated by oblique lines. 

35 In such a semiconductor device, a pattem of portion 8 of the wiring lines 7 which are to be 

36 connected with the first circuit board side tenninals 5 is redundantly created beforehand, and 

37 when 
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1 mounting tape carrier packages, each of which consists of a tape carrier I and a chip 2, are 

2 packaged on a circuit board, the necessary wiring lines remain, and the unnecessary wiring lines 

3 are removed. Thus, as illustrated in Fig. 11, the chip selection signals can be independently 

4 provided to the respective chips 2, and the stacked chips 2 are made identifiable using the chip 

5 selection signals. 

6 As the operating speed and function of chips 2 is increased, there occurs a problem that, with 

7 packages using the tape carriers 1 as stated above, the performances of the chips 2 cannot be 

8 satisfactorily demonstrated due to signal delays caused by the wiring lines. 

9 In view of such a problem, it has been proposed in the first prior art that chips having 

10 electrodes that penetrate vertically through the chip are stacked into a module (refer to, for 

11 example, the specification ofU. S. Patent No. 6141245). There is a need to identify the 

12 individual chips of the chips to be stacked, similar to the case of the multilayered module of 

13 tape carrier packages. 

14 Figs. 12 - 14 are views for describing a semiconductor device which is configured by stacking 

15 chips that have electrodes penetrating vertically through the chips. For the sake of description, 

16 only penetrating leads 11 - 13 which penetrate through the chips, and wiring lines which extend 

17 between these penetrating leads 11 - 13 and the connection terminals 14 - 16 of the chips are 

18 illustrated in Figs. 12 - 14, and the chips, inter-layer insulating films, and the like are not 

19 illustrated. Furthem10re, only the wiring lines relevant to chip selection signals are illustrated in 

20 Figs. 12 - 14. Furthermore, the case of stacking three chips as with the semiconductor device 

21 illustrated in Fig. 11 will be described herein. The penetrating electrodes 11 - 13 penetrate 

22 through the chips in the stacking direction of the chips. 

23 Fig. 12 is a perspective view illustrating a chip selection wiring line 17 which is a wiring line 

24 provided in a lower stage chip when the chips are stacked, and which transmits the chip 

25 selection signal for selecting the operation of the chip. Fig. 13 is a perspective view illustrating 

26 a chip selection wiring line 18 which is provided in a middle stage chip. Fig. 14 is a perspective 

27 view illustrating a chip selection wiring line J 9 provided in an upper stage chip. 

28 The lower stage chip includes the chip side connection terminal 14 to which the chip selection 

29 signal is input, the penetrating electrodes 21, 22, 23 which penetrate through the chip and which 

30 serve to connect with a terminal disposed on a circuit board, a connection line 24 which serves 

31 to mutually connect the chip side connection terminal 14 and the penetrating electrode 2 I, and 

32 connection terminals 25, 26 which connect the penetrating electrodes 22, 23 and the terminals 

33 ofthe 

34 
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1 stacked middle stage chip. The penetrating electrodes 22, 23 are leads for transmitting the chip 

2 selection signals to the stacked middle stage and upper stage chips. In Fig. 12, the penetrating 

3 electrodes 21, 22, 23 are indicated by oblique lines, and the connection line 24 is indicated by 

4 meshed lines. 

5 The middle stage chip includes the chip side connection terminal 15 to which the chip 

6 selection signal is input, penetrating electrodes 27, 28 which penetrate through the chip and 

7 which are mutually connected to the penetrating electrodes 22, 23 disposed in the lower stage 

8 chip, through the connection terminals 25, 26, a connection line 29 which serves to mutually 

9 connect the chip side connection terminal 15 and the penetrating electrode 27, and a connection 

10 terminal 31 which connects the penetrating electrode 28 and the terminal of the stacked upper 

11 stage chip. The penetrating electrode 28 is a lead for transmitting the chip selection signal to the 

12 stacked upper stage chip. Unlike the lower stage chip, the middle stage chip suffices with a 

13 configuration in which only the two penetrating electrodes are disposed. That is, even if a 

14 penetrating electrode 32 indicated by phantom lines in Fig. 13 is provided, the electrode is not 

15 connected. In Fig. 13, the penetrating electrodes 27, 28 are indicated by oblique lines, and the 

16 connection line 29 is indicated by meshed lines. 

17 The upper stage chip includes a chip side connection terminal 16 to which the chip selection 

18 signal is input, a penetrating electrode 33 which penetrates through the chip and is connected 

19 with the penetrating electrode 28 disposed in the lower stage chip through the connection 

20 terminal 31, and a connection line 34 which serves to mutually connect the chip side connection 

21 terminal 16 and the penetrating electrode 33. Unlike the lower stage and middle stage chips, the 

22 upper stage chip suffices with a configuration in which only one penetrating electrode is 

23 disposed. That is, even when penetrating electrodes 35, 36 indicated by phantom lines in Fig. 14 

24 are provided, the electrodes are not connected. In Fig. 14, the penetrating electrode 33 is 

25 indicated by oblique lines, and the connection line 34 is indicated by meshed lines. 

26 The wiring patterns illustrated in Figs. 12 - 14 need to be provided in the chips beforehand. 

27 That is, the chip to be stacked is fabricated as a chip separated from the underlying chip, in a 

28 wafer process for fabricating the particular chip. 

29 In a case where different types of chips are to be stacked, mere stacking of chips poses no 

30 problem because the chips are chips that are originally separated from one another. However, in 

31 a case where a large number of similar chips are to be stacked, for example when a large 

32 capacity memory is to be achieved by stacking a large number of memory devices, similar chips 

33 cannot be stacked, so different types of chips need to be fabricated according to the number of 

34 chips to be stacked, and 

35 
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1 thus additional labor is required. 

2 Furthermore, in a semiconductor device for achieving high density packaging, there are 

3 mounted circuits for electrically testing whether or not the packaged chips are connected, that 

4 is, boundary scan controllers. 

5 The boundary scan controller includes five signal lines; TDI (Test Data input: data input part), 

6 TDO (Test Data Output: data output part), TCK (Test Clock input: clock input part), TMS (Test 

7 Mode Select input: test mode input part) and TRST (Test Reset input: test reset input part) for 

8 the standards of a boundary scan test. However, the signal line TRST is optional. 

9 In a boundary scan which conforms to the standards of JTAG (Joint European Test Action 

10 Group), the signal lines TDI and TDO of the boundary scan controller incorporated in the 

11 individual chips in the semiconductor device are connected in the shape of a chain. Hereinafter, 

12 the chain-like connection of the boundary scan controllers will be sometimes be referred to as a 

13 "daisy chain". The signal lines TCK, TMS, TDI and TRST are generally referred to as "input 

14 parts". 

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

16 Fig. 15 is a circuit diagram illustrating the connection states of a plurality of chip assemblies 

17 IC which include a boundary scan controller, while Fig. 16 is a diagram illustrating a 

18 multilayered module 50 which is configured by stacking the chip assemblies JC of the circuit 

19 diagram of Fig. 15. The multilayered module 50 is configured in such a manner that the 

20 plurality of chip assemblies JC 1, IC2, ... ICn (where n denotes an integer of at least 3) are 

21 stacked. Hereinafter, the chip assemblies IC) - ICn are referred to in general as "chip JC". A 

22 connector 52 is connected to the multilayered module 50, and a JTAG tester is connected to the 

23 connector 52. Fig. 16 illustrates the chip assemblies IC stacked as a lowermost stage, middle 

24 stage and uppermost stage, in succession fl-om the left. 

25 The signal lines TCK, TMS or TRST in the respective chip assemblies IC are mutually 

26 connected to the cotTesponding pin of the connector 52 in parallel through a wiring pattern 

27 provided in the chip assembly IC. On the other hand, regarding the signal lines TDI and TDO, 

28 the signal lines TDO of the chip assembly IC of a preceding stage side are successively 

29 connected in cascade to the signal lines TDI of the chip assembly IC on the succeeding stage 

30 side. Furthermore, the signal line TDI of the 

31 
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1 chip assembly ICI of the first stage and the signal line TDO of the chip assembly ICn of the 

2 uppermost stage are connected to the respectively corresponding pins of the connector 52. 

3 In the multilayered module 50 thus configured, the boundary scan test is performed 

4 simultaneously for all the chip assemblies IC by controlling the chip assemblies IC by the JTAG 

5 tester. 

6 In the multilayered module 50, only the chip assembly ICn to be stacked at the uppermost 

7 stage needs to have connections different from the chip assemblies other than the chip assembly 

8 ICn. Therefore, only the chip assembly ICn at the uppermost stage needs to be fabricated 

9 separately from the other chips in a wafer process. 

10 Figs. 17 and 18 are perspective views illustrating the wiring patterns of the chip assemblies in 

11 the multilayered module 50 illustrated in Fig. 16, and the case of stacking the chip assemblies 

12 face-up is assumed in Figs. 17 and 18. "Face-up" is a mounting method in which the chips are 

13 stacked with the circuit surfaces facing the opposite direction as a circuit board. For the sake of 

14 description, only penetrating electrodes 61, 62 which are disposed in the chip assemblies, and 

15 wiring lines which extend between these penetrating electrodes 61, 62 and the connection 

16 terminals 63 to 68 of the chips are illustrated in Figs. 17 and 18, and the chips, inter-layer 

17 insulating films, and the like are not illustrated. 

18 Fig. 17 is a perspective view illustrating the wiring pattern of the chip assembly at the 

19 lowermost stage and the middle stage. The chip assembly at the lowennost stage and the middle 

20 stage includes the chip side connection terminal 63 of the TDI, the chip side connection 

21 terminal 64 of the TDO, the chip side connection terminal 65 for the bus connections of the 

22 TCK and the like, the penetrating electrode 71 for transmitting the TDI signal, the connection 

23 line 72 for connecting the penetrating electrode 71 and the chip side connection terminal 63 of 

24 the TDI, a connection terminal 73 for transmitting a TDO signal to the chip of the upper stage, a 

25 connection line 74 on the chip for joining the chip side connection tenninal 64 of the TDO and 

26 the connection terminal 73, the penetrating electrode 75 for the bus connections of the TCK and 

27 the like, the connection line 76 on the chip for connecting the penetrating electrode 75 and the 

28 chip side connection terminal 65 for the bus connections of the TCK and the like, a connection 

29 te1minal 77 for transmitting the signals of the TCK and the like to the chip of the upper stage, 

30 and the penetrating electrode 78 for returning a TDO signal from the chip of the uppermost 

31 stage to the lower stage. 

32 
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1 Fig. 18 is a perspective view illustrating the wiring pattern of the chip assembly at the 

2 uppermost stage. The chip assembly of the uppermost stage includes the chip side connection 

3 terminal 63 of the TDI, the chip side connection terminal 64 of the TDO, the chip side 

4 connection terminal 65 for the bus connections of the TCK etc., the penetrating electrode 71 for 

5 transmitting a TDI signal, the connection line 72 for connecting the penetrating electrode 71 

6 and the chip side connection terminal 63 of the TDI, the penetrating electrode 75 for the bus 

7 connections of the TCK etc., the connection line 76 on the chip for connecting the penetrating 

8 electrode 75 and the chip side connection terminal 65 for the bus connections of the TCK etc., 

9 the penetrating electrode 78 for returning the TDO signal from the chip of the uppermost stage, 

10 to the lower stage, and the connection line 79 for connecting the chip side connection terminal 

11 64 of the TDO and the penetrating electrode 78. 

12 The wiring pattern in the chip assembly of the lowermost stage and the middle stage and the 

13 wiring pattern in t~e chip assembly of the uppermost stage as respectively illustrated in Figs. I 7 

14 and I 8 need to be provided in the corresponding chip assemblies beforehand. That is, the chip 

15 assemblies to be stacked are fabricated as separate chip assemblies in the wafer processes. In 

16 the case of performing the boundary scans, only the chip assembly of the uppermost stage needs 

17 to be a separate chip assembly, as elucidated in Figs. 17 and 18, but in a case where a large 

18 number of similar chips are to be stacked, for example, a large capacity memory achieved by 

19 stacking a large number of memory devices, there is the problem that the similar chips cannot 

20 be stacked. 

21 [Disclosure of the present invention] 

22 An object of the present invention is to provide a boundary scan controller which can perform 

23 a boundary scan and which permits a semiconductor device to be configured by stacking 

24 identical semiconductor circuit chips. 

25 The present invention is a boundary scan controller which is disposed in a semiconductor 

26 circuit chip, for controlling a shift register circuit composed of boundary scan cells respectively 

27 disposed between external signal input te1minals and input terminals of an internal logic circuit 

28 and between external signal output terminals and output terminals of the internal logic circuit 

29 which are connected in series, comprising: 

30 an input part for inputting a predetermined operation instruction, and identification data and 

31 test data of the semiconductor chip; 

32 storage means for storing the identification data therein; 

33 
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1 

2 a clock input part for providing input/output timings; a test mode input part for providing the 

3 predetennined operation instruction; a data input part for inputting the identification data and 

4 test data of the semiconductor circuit chip; 

5 control means for executing the predetermined operation instruction so as to store the 

6 identification data in the storage means, and for performing a circuit test with the test data so as 

7 to obtain test result data; 

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

9 fixed data holding means for holding predetermined fixed data therein; 

10 comparison means for making a comparison as to whether or not the identification data and 

11 the fixed data match, and outputting comparison result infom1ation; and 

12 a data derivation part for deriving data corresponding to the test result data output from the 

13 output part, on the basis of the comparison result infom1ation from the comparison means. 

14 In accordance with the present invention, when the operation instruction has been provided 

15 from the test mode input part beforehand, the control means executes the predetermined 

16 operation instrnction. By executing the predetermined operation instruction, the control means 

17 stores the identification data of the semiconductor circuit chip input from the data input part in 

18 the storage means, and performs the circuit test using the test data received from the data input 

19 part, thereby obtaining the test result data. The circuit test using the test data is, for example, the 

20 connection test of the semiconductor circuit chip which is performed by controlling the shift 

21 register circuit. 

22 The comparison means makes a comparison as to whether or not the fixed data held in the 

23 fixed data holding means and the identification data stored in the storage means match, and in 

24 the case of a match, outputs comparison result information indicating a match, but in the case of 

25 a mismatch, outputs the comparison result information indicating a mismatch. In the case of a 

26 match between the identification data and the fixed data as based on the comparison result 

27 information, the data derivation part outputs the data for the case of a match which corresponds 

28 to the test result data, and in the case of mismatch between the identification data and the fixed 

29 data, the data derivation part outputs the data for the case of mismatch which corresponds to the 

30 test result data. Accordingly, the data to be output from the data derivation part can be made 

31 different between the case of matching between the fixed data and the identification 

32 
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1 data and the case of mismatching. 

2 The boundary scan test is performed in order to detect the connection states of individual 

3 semiconductor circuit chip assemblies in a semiconductor device which is composed of a stack 

4 of semiconductor circuit chip assemblies which are configured by disposing the boundary scan 

5 controller in the semiconductor circuit chip. The boundary scan test is performed for a daisy 

6 chain in which a plurality of such boundary scan controllers are connected. In the daisy chain, 

7 the data output part of the boundary scan controller of a lower stage is connected to the data 

8 input part of the boundary scan controller of an upper stage. Furthermore, the test result data is 

9 derived from the data output part of the boundary scan controller disposed in the semiconductor 

10 circuit chip of the uppermost stage. In the boundary scan test, the inputs of the operation 

11 instruction, identification data and test data from each input part to the boundary scan 

12 controller, and the output data are detected by a JTAG tester. 

13 With the boundary scan controllers of the present invention, the identification data of the 

14 semiconductor circuit chip of the uppermost stage is held as the fixed data in the fixed data 

15 holding means, whereby the data which is output from the data derivation part in only the 

16 boundary scan controller of the uppermost stage can be made different from the data which is 

17 output from the other data derivation parts. Accordingly, the data output parts of the boundary 

18 scan controllers disposed in the semiconductor circuit chips except for the uppermost stage are 

19 brought into non-connected states, whereby the data derivation parts of the individual boundary 

20 scan controllers can be connected to an identical bus line. That is, of the data derivation parts 

21 connected to the identical bus line, states which are output from the data derivation parts of the 

22 boundary scan controllers disposed in the semiconductor circuit chips excluding the uppem10st 

23 stage can be brought into, for example, a state which is pulled up or pulled down by a high 

24 impedance, or a floating state, whereby the data derivation parts can be, in effect, disconnected 

25 from the bus line. 

26 Accordingly, the semiconductor device can be configured by stacking the same semiconductor 

27 circuit chip assemblies which include the boundary scan controllers. 

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

29 storage 

30 
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1 means and the comparison information output from the comparison means indicates matching 

2 between the identification data and the fixed data, the data derivation part outputs the same data 

3 as the test result data which is output from the data output part. 

4 In accordance with the present invention, if the identification data is stored in the storage 

5 means and the comparison information indicates matching between the identification data and 

6 the fixed data, the data derivation part outputs the same data as the test result data which is 

7 output from the data output part. Accordingly, the same data as the test result data is output 

8 from the data derivation part so detailed test result data can be obtained, and detailed location of 

9 a defective connection can be identified. 

10 Furthermore, according to the present invention, if the identification data is not stored in the 

11 storage means, the data which is output from the data derivation part is brought into a state that 

12 the other boundary scan controllers cannot recognize, and thereby the boundary scan controllers 

13 connected to the data derivation part are essentially nullified. 

14 Alternatively, the output of the data derivation part is maintained at a predetermined signal 

15 level. "Predetermined signal level" refers to, for example, a state ofH level or a state pulled up 

16 to the H level by a high impedance. 

17 Thereby, with the present invention, even when the other boundary scan controllers are 

18 connected to the output side of the data derivation part, the succeeding boundary scan 

19 controllers essentially do not operate. Even if the semiconductor circuit connected to the 

20 boundary scan controller is defective, the boundary scan controller does not operate, and hence, 

21 input/output circuits will be in a disconnected state, and for example, even if the defective 

22 semiconductor circuit chip develops an abnormal input/output pin state, no output is delivered, 

23 and a failure can be avoided. 

24 In accordance with the present invention, identification data that does not match with the 

25 fixed data is provided when the particular chip is provided at any other stage than the 

26 uppermost stage of the stack. If the identification data is stored in the storage means and the 

27 comparison infonnation output from the comparison means indicates that the identification data 

28 and the fixed data do not match, the data derivation part can be a state which is essentially 

29 disconnected from the circuit. 

30 Furthermore, with the present invention, if the identification data is stored in the storage 

31 means and the comparison infonnation output from the comparison means indicates matching 

32 between the identification data and the fixed data, the data derivation part outputs the same data 

33 as the data of the 

34 
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1 data output part. 

2 In accordance with the present invention, the identification data that matches the fixed data is 

3 provided if the particular chip is provided on the uppermost stage of the stack. If the 

4 identification data is stored in the storage means and the comparison information output from 

5 the comparison means indicates matching between the identification data and the fixed data, the 

6 data derivation part outputs the same data as the data of the data output part. 

7 Because of the change in the output data, the subsequently connected boundary scan 

8 controllers can be effectively operated. 

9 Furthermore, with the present invention, if the identification data is stored in the storage 

10 means and where the comparison information output from the comparison means indicates 

11 mismatching between the identification data and the fixed data, the data derivation part is 

12 brought into, for example, a state pulled up or pulled down by a high impedance, or a floating 

13 state. 

14 In accordance with the present invention, the identification data that does not match with the 

15 fixed data is provided if the particular chip is provided at any other stage than the uppermost 

16 stage of the stack. If the identification data is stored in the storage means and the comparison 

17 information output from the comparison means indicates mismatching between the 

18 identification data and the fixed data, the data derivation part is brought into, for example, a 

19 state pulled up or pulled down by a high impedance, or a floating state, whereby the data 

20 derivation part is, in effect, disconnected from the bus line. 

21 Furthermore, the present invention is a semiconductor device comprising a stack of 

22 semiconductor circuit chip assemblies, each configured by disposing a boundary scan controller 

23 in a semiconductor circuit chip. 

24 In accordance with the present invention, the semiconductor circuit chip assemblies can be 

25 fmmed by the same wafer process, so that labor for forming the semiconductor circuit chip 

26 assemblies is reduced. Furthe1more, when forming the semiconductor device, identical 

27 semiconductor circuit chip assemblies are stacked, and therefore stacking order or the like need 

28 not be considered, and the formation of the device is simplified. 

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

30 the memory chip assembly includes: 

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

32 a selection signal line for inputting a selection signal for selecting the memory chip; and 
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2 permission means for permitting an operation of the memory chip if data corresponding to the 

3 additional address lines of the memory chip and the identification data stored in the storage 

4 means are matching and the selection signal is input. 

5 In accordance with the present invention, even if the selection si~nal for selecting the memory 

6 chip has been input, the operation of the memory chip is not permitted by the permission means 

7 unless data corresponding to the additional address lines matches the identification data stored 

8 in the storage means. Therefore, even if the same selection signals have been input, the 

9 permission means can permit only the operation of one memory chip. Thereby, each of stacked 

10 memory chips can be operated. 

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

12 the memory chip assembly includes: 

13 additional data lines which are formed in addition to data lines of the memory chip, and which 

14 are larger in number than the data lines; and 

15 selection means for selecting the additional data lines and connecting the additional data lines 

16 to the data lines of the memory chip, in accordance with the identification data stored in the 

17 storage means. 

18 Furthermore, in accordance with the present invention, the selection means selects the 

19 additional data lines in accordance with the identification data stored in the storage means and 

20 connects the additional data lines to the data lines of the memory chip such that the data lines 

21 can be allocated to each of the stacked memory chips. Accordingly, each memory chip can be 

22 operated by being connected to bus lines which are larger in number than the bus lines 

23 corresponding to one memory chip. 

24 Furthermore, the present invention is a semiconductor circuit chip identification method for 

25 the semiconductor device, where the respective semiconductor circuit chips are identified by the 

26 identification data stored in the storage means. 

27 In accordance with the present invention, the respective semiconductor circuit chips can be 

28 individually recognized by the identification data stored in the storage means. Therefore, the 

29 semiconductor circuit chips can be individually managed by using the identification data. 

30 Furthermore, the present invention is a semiconductor circuit chip control method for the 

31 semiconductor device, where the semiconductor circuit chips which have been selected on the 

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

2 In accordance with the present invention, the semiconductor circuit chips which have been 

3 selected on the basis of the identification data stored in the storage means are operated, and 

4 therefore the stacked semiconductor circuit chips can be individually operated. 

5 [Brief Description of Drawings] 

6 Objects, features, and advantages of the present invention will be more explicit from the 

7 following detailed description and the drawings. 

8 Fig. 1 is a block diagram illustrating a boundary scan controller 80 according to one 

9 embodiment of the present invention; 

10 Fig. 2 is a block diagram illustrating a semiconductor circuit chip assembly 81 which is 

11 configured by disposing the boundary scan controller 80 in a semiconductor circuit chip; 

12 Fig. 3 is a block diagram illustrating a semiconductor device 82 which is configured by 

13 stacking a plurality of such semiconductor circuit chip assemblies 81; 

14 Fig. 4 is a flow chart illustrating the operation of setting the identification data in the storage 

15 means 85 of the controller 80. 

16 Fig. 5 is a perspective view illustrating part of the wiring pattern of the semiconductor circuit 

17 chip assembly 8 I which is formed by disposing the controller 80 in the semiconductor circuit 

18 chip; 

19 Fig. 6 is a block diagram illustrating a boundary scan controller 130 according to still another 

20 embodiment of the present invention; 

21 Fig. 7 is a block diagram illustrating a boundary scan controller 140 according to still another 

22 embodiment of the present invention; 

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

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

25 memory chip assembly; 

26 Fig. 10 is a diagram illustrating the data line selection means 170 which is disposed in the 

27 memory chip assembly; 

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

29 using tape carriers 1; 
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1 Fig. 12 is a view for describing a semiconductor device which is configured by stacking chips 

2 that have electrodes penetrating vertically through the chips; 

3 Fig. I 3 is a view for describing a semiconductor device which is configured by stacking 

4 chips that have electrodes penetrating vertically through the chips; 

5 Fig. 14 is a view for describing a semiconductor device which is configured by stacking chips 

6 that have electrodes penetrating vertically through the chips; 

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

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

9 Fig. 17 is a perspective view illustrating the wiring patterns of the chip assemblies in the 

10 multilayered module 50 illustrated in Fig. 16; and 

11 Fig. 18 is a perspective view illustrating the wiring patterns of the chip assemblies in the 

12 multilayered module 50 illustrated in Fig. 16. 

13 [Best Mode for Carrying out the Present Invention] 

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

15 drawings. 

16 Fig. 1 is a block diagram illustrating a boundary scan controller 80 according to one 

17 embodiment of the present invention. Fig. 2 is a block diagram illustrating a semiconductor 

18 circuit chip assembly 81 which is configured by disposing the boundary scan controller 80 in a 

19 semiconductor circuit chip. The number of connection terminals between an internal logic 

20 circuit 97 and the exterior is assumed to be 10. Fig. 3 is a block diagram illustrating a 

21 semiconductor device 82 which is configured by stacking a plurality of such semiconductor 

22 circuit chip assemblies 81. The boundary scan controller 80 of the embodiment operates in 

23 conformance to the standards of the JTAG (Joint European Test Action Group). The boundary 

24 scan controller 80 is a circuit for electrically testing whether or not the semiconductor circuit 

25 chip is connected in the semiconductor device 82. 

26 The boundary scan controller 80 includes an input part 83, control means 84, storage means 

27 85, an output part 86, fixed data holding means 87, comparison means 88 and a data derivation 

28 part 89. Hereinafter, the boundary scan controller 80 is simply referred to as "controller 80" in 

29 some cases. 

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

31 the 
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1 identification data and test data of the semiconductor circuit chip. The input part 83 includes 

2 four signal lines; TCK (Test Clock input: clock input part), TMS (Test Mode Select input: test 

3 mode input part), TDI (Test Data input: data input part), and TRST (Test Reset input: test reset 

4 input part). Hereinafter, the identification data of the semiconductor circuit chip will be simply 

5 referred to as "identification data" in some cases. 

6 The signal line TCK is a signal line that supplies the control means 84 with input/output 

7 timings, and that provides a testing clock independent of a unique system clock. The signal line 

8 TMS is a signal line which inputs the predetermined operation instruction so as to control a test 

9 operation. The signal line TOI is a signal line which serially inputs the identification data and 

10 the test data. The signal line TRST is a signal line which inputs data for asynchronously 

11 initializing the controller 80. These four signal lines are controlled by an external JTAG tester, 

12 and a boundary scan test is performed. Although the signal line TRST is laid in the input part 83 

13 in the embodiment, it is an optional terminal in the JTAG standard, and in another embodiment 

14 of the present invention, the input part 83 may be configured having the three signal lines TCK, 

15 TMS and TOI. 

16 The input part 83 is interconnected with the control means 84, and supplies the control means 

17 84 with the predetermined operation instruction, identification data, and test data provided from 

18 the JTAG tester. 

19 When the operation instruction of storing the identification data in the storage means 85 is 

20 input from the input part 83, the control means 84 executes the instruction, and decodes the 

21 identification data received from the input part 83 and stores the decoded data in the storage 

22 means 85. Furthermore, when the operation instruction for performing the boundary scan test is 

23 input from the input part 83, the control means 84 executes the instmction, and perfom1s the 

24 circuit test using the test data received from the input part 83 in order to obtain test result data. 

25 The reserved code of the boundary scan instruction, for example, is assigned as the operation 

26 instruction for storing the identification data in the storage means 85. When performing the 

27 circuit test, the control means 84 outputs a boundary scan control signal and controls a shift 

28 register circuit 91 that will be described later. 

29 The control means 84 includes an instruction register and a test data register. The instruction 
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1 register serves to set an instruction code for accepting instruction data for performing the 

2 boundary scan test. The test data register serves to set test pattern data for performing the 

3 boundary scan test. Both the instruction register and the test data register have the configuration 

4 of shift registers, and when the instruction of sending data is input to the control means 84, the 

5 predetermined operation instruction and various data which are input from the signal line TDI 

6 can be output from a signal line TDO (Test Data Output: data output part) through the shift 

7 registers. Hereinafter, the predetermined operation instruction and the various data will be 

8 generally and simply referred to as "data" in some cases. 

9 The storage means 85 stores the identification data decoded by the control means 84. The 

10 storage means 85 is a latch circuit constructed of a flip flop, and is configured to repeatedly 

11 receive the identification data every tum ON of the power source of the JTAG tester which is 

12 externally connected for performing the boundary scan test. 

13 In this case, the identification data is merely designated, so the JTAG tester can also be 

14 substituted by a circuit that generates a JTAG signal in simplified fashion by a ROM (Read 

15 Only Memory) and a clock generator, or the like, without being a complete JTAG tester. 

16 In another embodiment of the present invention, the storage means 85 may be achieved by 

17 nonvolatile memory such as EPROM (Electrically Programmable Read Only Memory) and 

18 configured such that the identification data may be saved merely by storing the identification 

19 data once. 

20 The storage means 85 has a storage area which is one bit larger than the bit length of the 

21 identification data. That is, the data to be stored in the storage means 85 has a bit length that is 

22 one bit larger than the bit length of the identification data. Whether or not the identification data 

23 has been stored in the storage means 85 by the control means 84 is stored in the redundant one 

24 bit. Thus, whether or not the identification data is stored in the storage means 85 is easily 

25 determined. 

26 The output patt 86 is a serial interface which serves to output the test result data obtained by 

27 the control means 84, and the predetermined operation instruction and the various data output 

28 from the control means 84 through the instruction register and the test data register, and the 

29 output part includes the signal line TDO. 
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1 The fixed data holding means 87 holds fixed data. The fixed data is the identification data of 

2 the semiconductor circuit chip which is provided at the uppermost stage when the 

3 semiconductor device 82 is configured by stacking the plurality of semiconductor circuit chip 

4 assemblies 81, each configured with the controller 80 disposed in the semiconductor circuit 

5 chip. The semiconductor circuit chip which is provided at the uppermost stage is located at the 

6 furthest position from a circuit board when the semiconductor device 82 is mounted on the 

7 circuit board. 

8 The fixed data holding means 87 is achieved by, for example, wired logic. In the embodiment, 

9 the fixed data holding means 87 exists independently, but in another embodiment of the present 

10 invention, the fixed data holding means 87 may be included in the comparison means 88 

11 described below if the fixed data holding means 87 is configured by logic synthesis. 

12 The comparison means 88 receives the identification data stored in the storage means 85 and 

13 the fixed data held in the fixed data holding means 87, makes a comparison as to whether or not 

14 the identification data and the fixed data are matching, and outputs comparison result 

15 information. The comparison means 88 compares the identification data stored in the storage 

16 means 85 with the fixed data including the data of the redundant one bit. Thus, if the 

17 identification data is not stored in the storage means 85, the comparison means 88 can always 

18 output the comparison result information indicating a mismatch. 

19 The data derivation part 89 includes first and second OR gates 92, 93, a tristate buffer 94 and 

20 a signal line TDO2. One of the input terminals of the first OR gate 92 is interconnected with the 

21 comparison means 88, and the other input te1minal is interconnected with the storage means 85. 

22 The first OR gate 92 outputs an output permission signal to the tristate buffer 94 if the 

23 comparison result information of the comparison means 88 indicates matching between the 

24 identification data and the fixed data, or if the identification data is stored in the storage means 

25 85. 

26 One of the input terminals of the second OR gate 93 is interconnected with the signal line 

27 TDO which is the output part 86, and the other input terminal is interconnected with the storage 

28 means 85. The second OR gate 93 outputs the same data as the data output from the output part 

29 86 if the 
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1 identification data is stored in the storage means 85 . The data of the redundant one bit is input 

2 from the storage means 85 to the second OR gate 93 . 

3 The tristate buffer 94 is interconnected with the output terminals of the first and second OR 

4 gates 92, 93, and outputs the data that was input from the second OR gate 93, to the signal line 

5 TD02 when the output permission signal is input from the first OR gate 92. 

6 If the identification data is not stored in the storage means 85, the first and second OR gates 

7 92, 93 operate such that the signal line TDO2 connected to the output terminal of the tristate 

8 buffer 94 outputs data which the other boundary scan controllers cannot recognize. The "data 

9 which the other boundary scan controllers cannot recognize" referred to herein is data which is 

10 always high (H). Thus, the same data as the data output from the output part 86 is not output 

11 from the data derivation part 89, and essentially, the succeeding boundary scan controllers do 

12 not operate in spite of the existence of the boundary scan controllers which are connected in 

13 succession to the data derivation parts 89 . Furthermore, if the semiconductor circuit connected 

14 to the boundary scan controller is defective, the boundary scan controller does not operate, and 

15 hence, the input/output circuits are in a disconnected state, and for example, even if the 

16 defective semiconductor circuit chip is about to fall into an abnormal input/output pin state, 

17 output is not performed, and non-conformance can be avoided. 

18 Furthermore, if the identification data is stored in the storage means 85 and the comparison 

19 result information output from the comparison means 88 indicates matching between the 

20 identification data and the fixed data, the first and second OR gates 92, 93 operate such that the 

21 same data as the data output from the output part 86 may be output from the signal line TDO2. 

22 That is, the same data as that of the output part 86 can be output from the data derivation part 89 

23 of the 'intended semiconductor circuit chip assembly 81 . 

24 Fmthermore, if the identification data is stored in the storage means 85 and the comparison 

25 result infotmation output from the comparison means 88 indicates mismatching between the 

26 identification data and the fixed data, the first and second OR gates 92, 93 operate so as to 

27 prohibit output to the signal line TDO2 connected to the output tetminal of the tristate buffer 94 

28 and creates a floating state. Thus, the same data as the data output from the output part 86 is not 

29 output from the data 
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1 derivation part 89, and essentially, the data derivation part 89 can be brought into a state 

2 disconnected from the circuit. 

3 With the aforementioned controller 80, different data can be output from the data derivation 

4 parts 89 even with a controller 80 in which the fixed data and the identification data match and 

5 a controller 80 in which the fixed data and the identification data do not match or where the 

6 identification data is not recorded, in spite of being same controllers 80. 

7 With the present embodiment, the data derivation part 89 includes the first and second OR 

8 gates 92, 93 and the tristate buffer 94, and therefore the first and second OR gates 92, 93 and 

9 the tristate buffer 94 may be configured as logic incorporated by logic synthesis. 

10 The semiconductor circuit chip assembly 81 includes the controller 80, external signal input 

11 terminals 95, external signal output terminals 96, the internal logic circuit 97, the shift register 

12 circuit 91, input part connection terminals 83A, an output part connection tern1inal 86A and a 

13 data derivation part connection terminal 89A. The external signal input terminals 95 form an 

14 interface for inputting signals from the exterior to the internal logic circuit 97. The external 

15 signal output terminals 96 form an interface for outputting signals from the internal logic circuit 

16 97 to the exterior. The internal logic circuit 97 is an integrated circuit for achieving the essential 

17 functions of the semiconductor circuit chip, and the internal logic circuit is implemented by any 

18 desired circuit. The internal logic circuit 97 is, for example, a large scale integration 

19 (abbreviated as "LSI"). 

20 The controller 80, external signal input terminals 95, external signal output terminals 96, 

21 internal logic circuit 97, shift register circuit 91, input part connection tern1inals 83A, output 

22 part connection terminal 86A and data derivation part connection terminal 89A are formed in 

23 the same wafer 99. 

24 The shift register circuit 91 has a plurality of boundary scan cells 98. As illustrated in Fig. 2, 

25 the shift register circuit 91 has ten boundary scan cells 98. The boundary scan cells 98 are 

26 achieved by a register circuit. The individual boundary scan cells 98 are respectively interposed 

27 between the internal logic circuit 97 and the external connection terminals which are the 

28 external signal input terminals 95 and the external signal output terminals 96. 

29 
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1 The shift register circuit 91 is configured in a manner that the boundary scan cells 98 are 

2 connected in series. The boundary scan cells 98 are provided in the same quantity as the 

3 external signal terminals of the internal logic circuit 97. A description will be continued 

4 assuming a case where the input signals are input from the external connection terminals on the 

5 left side of the internal logic circuit 97 as illustrated in Fig. 2, and where the output signals are 

6 output from the external connection terminals on the right side. 

7 The input part connection terminals 83A of the boundary scan controller 80 form an interface 

8 for inputting data from the exterior to the respective signal lines of the input part 83. The output 

9 part connection terminal 86A is an interface for outputting data from the signal line of the 

10 output part 86. The data derivation part connection terminal 89A is an interface for outputting 

11 data from the signal line of the data derivation part 89. 

12 The control means 84 is interconnected to the shift register circuit 91, and controls the shift 

13 register circuit 91 so as to perforn1 a circuit test and obtain test result data. In the circuit test, the 

14 control means 84 executes the following operations. The boundary scan cells 98 of the shift 

15 register circuit 91 which are connected to the external signal input te1minals 95 are referred to, 

16 in general, as "input side cells 98A", and the boundary scan cells 98 which are connected to the 

17 external signal output terminals 96 are referred to, in general, as "output side cells 98B". 

18 First, when a boundary scan test state has begun, the connections for the signals between the 

19 internal logic circuit 97 and the external connection terminals are cut off on both the input side 

20 cells 98A and the output side cells 98B, and the shift register of the control means 84 and the 

21 input side cells 98A, and the shift register of the control means 84 and the output side cells 98B 

22 are connected. Furthern1ore, serial test data is input from the signal line TDI through the input 

23 part connection terminals 83A and is stored in the shift register circuit 91. Thereafter, the test 

24 data stored in the shift register circuit 91 is transmitted to the external connection terminals 

25 through the input side cells 98A and the output side cells 98B in accordance with test 

26 performance instructions. Furthermore, the states of the external connection terminals are 

27 monitored back and are stored in the shift register circuit 91 in accordance with update 

28 instructions. 

29 Subsequently, the state of the monitor backed external connection terminals stored in the shift 

30 register circuit 91 is serially output from the output part TDO. 

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

32 input 
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1 side cells 98A as well as the internal logic circuit 97 and the output side cells 98B as well as the 

2 internal logic circuit 97. In this case, only the connections of the boundary scan cells 98 are 

3 altered, and the setup for the test data and the derivation of the monitor backed state are similar. 

4 Such operations are performed as needed, whereby the control means 84 can provide test 

5 result data which indicate the monitor backed state whether or not the semiconductor circuit 

6 chip to be stacked is normally connected (is normally operating). 

7 The semiconductor device 82 is configured by stacking the semiconductor circuit chip 

8 assemblies 81 as described above. In Fig. 3, the semiconductor circuit chip assemblies 81 which 

9 are indicated in a region enclosed in a phantom line are stacked. Hereinafter, stacked 

10 semiconductor circuit chip assemblies 81 will be sometimes be referred to as a "multilayer 

11 module". 

12 A connector 101 is disposed in the semiconductor device 82, and the JTAG tester is connected 

13 to the connector 101. The semiconductor circuit chip assemblies 81 which are stacked at the 

14 lowermost stage, middle stage and uppermost stage in succession from the left are illustrated in 

15 Fig. 3. Furthermore, although only the three semiconductor circuit chip assemblies 81 are 

16 illustrated in Fig. 3, the semiconductor device 82 may be configured by stacking any number of 

17 semiconductor circuit chip assemblies 81. 

18 The signal lines TCK of the respective semiconductor circuit chip assemblies 81 are 

19 connected to the same bus line 102a, and are interconnected with the corresponding TCK pin 

20 101 a of the connector IO l. Similar to the signal lines TCK, the signal lines TMS, TRST and 

21 TOO2 are respectively connected to identical bus lines 102b, 102c and 102d and are mutually 

22 connected to the corresponding TMS pin 101 b, TRST pin 101 c and TOO2 pin 10 Id of the 

23 connector IO 1 in parallel. 

24 The output part connection terminals 86A of the semiconductor circuit chip assemblies 81 on 

25 the preceding stage sides are successively connected to the input part connection terminals 83A 

26 c01Tesponding to the signal lines TOI of the semiconductor circuit chip assemblies 81 on the 

27 succeeding stage sides. Furthermore, the signal line TOI of the semiconductor circuit chip 

28 assembly 81 at the first stage is connected to the corresponding TOI pin 101 e of the connector 

29 IO 1. The signal line TOO of the semiconductor circuit chip assembly 81 at the uppermost stage 

30 is not connected. 

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

32 the 
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1 shape of a chain. Hereinafter, the chain-like connection is sometimes referred to as a "daisy 

2 chain". In the semiconductor device 82, the controllers 80 are controlled by the JTAG tester 

3 through the connector 10 I, and thereby all the semiconductor circuit chip assemblies 81 can be 

4 simultaneously subjected to the boundary scan test. 

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

6 Fig. 4 is a flow chart illustrating the operation of setting the identification data in the storage 

7 means 85 of the controllers 80. When the external JTAG tester is connected to the 

8 semiconductor device 82 at step SO, the routine shifts to step S 1. At step S 1, the control means 

9 84 of the controllers 80 are reset from the input parts 86 by using the signal lines TMS and TCK 

10 or by setting the signal level of the signal line TRST at an L level. During the boundary scan, 

11 regardless of the state of the control means 84, the control means 84 can be reset by setting the 

12 signal levels of the signal lines TMS at an H level and holding the state for 5 clock cycles. 

13 Subsequently, the routine shifts to step S2, and a command set instruction that is an 

14 instruction for inputting an operation instruction to the control means 84 is input using the 

15 signal lines TMS and TCK, and the routine shifts to step S3. 

16 hl step S3, the operation instruction which gives an identification code set instruction for 

17 causing the storage means 85 to store the identification data therein is provided to the control 

18 means 84 of the controllers 80 disposed in the stacked semiconductor circuit chips, by 

19 employing the signal lines TDI and TCK. Furthermore, an instruction skip command (bypass 

20 instruction) for skipping the instruction is provided to the control means 84 of a controller 80 

21 disposed in any semiconductor circuit chip which is not stacked. 

22 Subsequently, the routine shifts to step S4, where a data set command that is the operation 

23 instruction for inputting data to the control means 84 is input by employing the signal lines 

24 TMS and TCK, and then the routine shifts to step S5. 

25 hl step S5, the identification data is sent to the controllers 80 disposed in the respective 

26 stacked semiconductor circuit chips by employing the signal lines TDI and TCK, whereupon 

27 the routine shifts to step S6 so as to end the operation. In step 5, data which is to be stored as 

28 the identification data in the storage means 85 of the controllers 80 disposed in the stacked 

29 semiconductor circuit chips 
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1 is provided through the signal lines TDI and TDO which are daisy chain data lines, so as to 

2 have respectively different values. For example, "O" is provided as the identification data to the 

3 storage means 85 disposed in the semiconductor circuit chip at the uppermost stage, and "I" is 

4 provided as the identification data to the storage means 85 disposed in the semiconductor circuit 

5 chip at the stage directly below the uppermost stage. Furthermore, "m" is provided as the 

6 identification data to the storage means 85 disposed in the semiconductor circuit chip at the mth 

7 stage (where m denotes an integer of at least 2) from the uppermost stage. 

8 Even in a case where the controllers 80 of the stacked semiconductor circuit chip assemblies 

9 81 and the ordinary controllers disposed in the ordinary semiconductor devices (not illustrated) 

10 which are not stacked form a daisy chain, the number of the stacked semiconductor circuit chips 

11 and the number of the ordinary controllers disposed up to the multilayered module consisting of 

12 the stacked semiconductor circuit chips are known beforehand, and hence, there is no problem 

13 creating the identification data which is provided to the storage means 85 disposed in the 

14 stacked semiconductor circuit chips. 

15 Furthem10re, even in a case where the controller of another device is also connected behind 

16 the daisy chain which is constituted by the controllers 80 of the stacked semiconductor circuit 

17 chip assemblies 81, there is no problem because when the identification data is not stored in the 

18 storage means 85 disposed in the stacked semiconductor circuit chip assembly 81, the output of 

19 the data derivation part 89 is fixed at the H level, and the command for skipping the instruction 

20 is provided to the control means 84 included in the controller 80. 

21 According to the aforementioned flow chart, the identification data can be stored in the 

22 controllers 80 disposed in the stacked semiconductor circuit chips. 

23 In the controller 80 in which the identification data is not stored in the storage means 85, the 

24 data output from the output part 86 is the output of the boundary scan, and the signal line TD02 

25 of the data derivation part 89 outputs the signal at the H level. 

26 The controller 80 which has been supplied with the same identification data as the 

27 identification data of the semiconductor circuit chip at the uppe1most stage in each stacked 

28 semiconductor circuit chip assembly 81, namely, with "0" in the above example, has the setting 

29 altered so that the same data as the data output from the output part 86 may be output from the 

30 data derivation part TD02. Furthermore, the controller 80 which has been supplied with 

31 identification data different from the identification data of the semiconductor circuit chip at the 

32 uppermost stage is disconnected from the 
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1 data derivation part TDO2. 

2 In a case where a plurality ofmultilayered modules exist on the daisy chain forthe boundary 

3 scans, the operating procedure illustrated in Fig. 4 may be iterated to successively achieve the 

4 settings. 

5 Fig. 5 is a perspective view illustrating a portion of the wiring pattern of the semiconductor 

6 circuit chip assembly 81 formed by disposing the controller 80 in the semiconductor circuit 

7 chip. The semiconductor circuit chip assembly 81 includes first - third penetrating electrodes 

8 l 03 - I 04. For the sake of description, only the first - third penetrating leads I 03 - l 05 which 

9 penetrate through the semiconductor circuit chip assembly 81, and wiring lines which extend 

10 between these first - third penetrating leads 103 - 105 and the connection terminals 83A, 86A, 

11 89A of the semiconductor circuit chip assembly 81 are illustrated in Fig. 5, and the 

12 semiconductor circuit chip, inter-layer insulating film, and the like are not illustrated. The first -

13 third penetrating electrodes 103 - 105 penetrate through the semiconductor circuit chip 

14 assembly 81 in the stacked direction of the semiconductor circuit chip assembly 81, namely, in 

15 the direction of arrow A in Fig. 5. Furthermore, the case of stacking the semiconductor circuit 

16 chip assembly 81 face-up is illustrated herein. 

17 One surface of the semiconductor circuit chip assembly 81 is formed with the input part 

18 connection terminals 83A being the terminals of the input part 83, the output part connection 

19 te1minal 86A being the terminal of the output part 86, and the data derivation part connection 

20 terminal 89A which is the data derivation part 89. The input part connection terminals 83A are 

21 the terminal 111 of the signal line TDJ and the terminal 113 of the signal line TCK. Since the 

22 wiring lines for connecting the signal lines TCK, TMS and TRST are similar, only the wiring 

23 line for connecting the signal line TCK is illustrated here. The output part connection terminal 

24 86A is the terminal 112 of the signal line TDO. The data derivation pati connection terminal 

25 89A is the terminal 114 of the signal line TDO2. 

26 One end part of the first penetrating electrode 103 is interconnected to the terminal 111 of the 

27 signal line TDJ through the first connection line 115. The first connection line 115 is formed in 

28 one surface of the semiconductor circuit chip assembly 81. A first connection terminal 116 is 

29 interconnected with the other end part of the first penetrating electrode I 03 of the stacked 

30 semiconductor circuit chip assembly 81. The first connection terminal 116 which is connected 

31 with the stacked semiconductor circuit chip assembly 81 is formed through an inter-layer 

32 insulating film over one end part of the first penetrating electrode 103. The terminal 112 of the 

33 signal line TDO is interconnected with the first connection terminal 116 through the second 

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

2 therebetween. 

3 One end part of the second penetrating electrode I 04 is interconnected to the terminal 113 of 

4 the signal line TCK through the third connection line 118. The third connection line 118 is 

5 formed in one surface of the semiconductor circuit chip assembly 81. A second connection 

6 terminal 119 which is connected with the stacked semiconductor circuit chip 81 is formed at 

7 one end part of the second penetrating electrode 104. The second connection terminal 119 is 

8 interconnected with the other end part of the second penetrating electrode 104 of the stacked 

9 semiconductor circuit chip assembly 81 . 

10 One end part of the third penetrating electrode 105 is interconnected to the terminal 114 of the 

11 signal line TDO2 through the fourth connection line 121. The fourth connection line 121 is 

12 formed in one surface of the semiconductor circuit chip assembly 81. A third connection 

13 terminal 122 which is connected with the stacked semiconductor circuit chip 81 is formed at 

14 one end part of the third penetrating electrode 105. The third connection tem1inal 122 is 

15 interconnected with the other end part of the third penetrating electrode 105 of the stacked 

16 semiconductor circuit chip assembly 81 . 

17 By laying wiring lines in the manner, data which is input from the exterior of the 

18 semiconductor circuit chip assembly 81 is passed through the first penetrating electrode I 03 and 

19 transmitted to the tenninal 111 of the signal line TDI via the first connection line 115. Data 

20 which is output from the signal line TOO is sent from the terminal 112 through the second 

21 connection line 117 to the first connection terminal 116 from which the data is transmitted to 

22 the stacked semiconductor circuit chip assembly 81. Furthermore, the terminal 113 of the signal 

23 line TCK is connected to a common bus line, and the terminal 114 of the signal line TDO2 is 

24 connected to a common bus line. 

25 When the semiconductor circuit chip assemblies 81 are stacked after forming the wiring lines 

26 as illustrated in Fig. 5, the upper and lower semiconductor circuit chip assemblies 81 can be 

27 stacked without being shifted, and hence, the semiconductor device 82 can be fonned in the 

28 smallest possible size. 

29 As described above, when the semiconductor circuit chip assemblies 81 are configured by 

30 employing the controllers 80, the daisy chain for performing the boundary scan test can be 

31 formed by only one wiring pattern illustrated in Fig. 5. When stacking identical semiconductor 

32 circuit chips, accordingly, the semiconductor circuit chip assemblies 81 need not be separately 

33 fabricated. That is, 
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1 the semiconductor circuit chip assemblies 8 I can be formed by an identical wafer process, and 

2 therefore labor for forming the semiconductor circuit chip assemblies 81 can be reduced. 

3 Furthermore, when forming the semiconductor device 82, identical semiconductor circuit chip 

4 assemblies 81 are stacked, and therefore stacking order, and the like need not be considered, 

5 and processes are simplified. 

6 Although the case of stacking the semiconductor circuit chip assemblies 81 face-up has been 

7 described in the embodiment, the semiconductor circuit chip assemblies 81 may be stacked 

8 face-down. For this case, in Fig. 5, the terminal 1 I l of the signal line TDI may be set as the 

9 terminal of the signal line TDO, and the terminal 112 of the signal line TDO may be set as the 

10 terminal of the signal line TDI. 

11 Fig. 6 is a block diagram illustrating a boundary scan controller I 30 in another embodiment of 

12 the present invention. The boundary scan controller 130 includes an input part 83, control 

13 means 84, storage means 85, an output part 8 6, fixed data holding means 87, comparison 

14 means 88, and a data derivation part 89A. Since the boundary scan controller 130 and the 

15 foregoing boundary scan controller 80 illustrated in Fig. 1 differ only in the configuration of the 

16 data derivation part 89A, the same reference numerals are assigned to the same parts, and a 

17 description is omitted. Hereinafter, the boundary scan controller 130 is simply referred to as 

18 "controller 130" in some cases. 

19 The data derivation part 89A includes a tristate buffer 94, pull-up means 131 and a signal line 

20 TDO2. The tristate buffer 94 is interconnected with the comparison means 88 and a signal line 

21 TDO as the output part 86. If the comparison result information output from the comparison 

22 means 88 indicates matching between the identification data and fixed data, the tristate buffer 

23 94 outputs the same data as the data output from the output part 86. The input terminal of the 

24 tristate buffer 94 is injerconnected with the signal line TDO, and the output terminal thereof is 

25 interconnected with the signal line TDO2. 

26 On the other hand, if the comparison result information which is output from the comparison 

27 means 88 indicates mismatching between the identification data and the fixed data, the tristate 

28 buffer 94 is prevented from outputting input data. 

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

30 provides 
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1 the signal line TD02 with a weak current from a plus(+) side supply voltage so as to weakly 

2 pu11 up the signal line TD02. Thus, even when the output of the tristate buffer 94 is prevented, 

3 the signal level of the signal line TD02 is a predetermined signal level. The "predetermined 

4 signal level" is a high (H) level. 

5 Furthermore, since the current which is fed from the pull-up means 131 to the signal line 

6 TD02 is weak, the signal level of the signal line TD02 becomes a low (L) level if a signal at 

7 level L has been provided from the tristate buffer 94 or any device outside a semiconductor 

8 circuit chip control device 81. 

9 In order to achieve the weak pull-up means 131, when using a TTL (Transistor Transistor 

10 Logic) circuit for example, the means can be achieved by inserting a high resistance between 

11 the plus(+) side supply voltage (Vee) and the output, and when using a CMOS (Contemporary 

12 Metal Oxide Semiconductor), the means can be achieved by inserting a P-channel transistor 

13 with a high drain source resistance between the plus(+) side supply voltage (Vdd) and the 

14 output with a gate voltage set such that the transistor may be in the ON state. The gate voltage 

15 may be fixed to a - side supply voltage. 

16 In the event that the controller or the semiconductor circuit chip itself should be defective and 

17 outputs a signal with a minus(-) level from the signal line TD02, the power source might short 

18 circuit and thus affect even the other stacked semiconductor circuit chips, but such a non-

19 convonnance can be prevented by weakly pulling up the signal line TD02. 

20 Moreover, as compared to the aforementioned controller 80, the controller 130 can simplify a 

21 circuit configuration, and can help to reduce the size. 

22 The semiconductor circuit chip assembly including the controller 130 and a semiconductor 

23 device configured by stacking a plurality of such semiconductor circuit chip assemblies are 

24 respectively similar to the semiconductor circuit chip assembly 81 and the semiconductor 

25 device 82 previously described. Also, a method of setting the identification data is similar to the 

26 method in the case of the controller 80 of the foregoing embodiment. 

27 Fig. 7 is a block diagram illustrating a boundary scan controller 140 in yet another 

28 embodiment of the present invention. The boundary scan controller 140 includes an input part 

29 83, control means 84, 
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1 storage means 85, an output part 86, fixed data holding means 87, comparison means 88 and a 

2 data derivation part 898. The boundary scan controller 140 and the aforementioned boundary 

3 scan controller 80 or 130 illustrated in Fig. 1 or Fig. 6 differ only in the configuration of the 

4 data derivation part 89B, so the same reference numerals are assigned to the same portions, and 

5 the descriptions thereof are omitted. Hereinafter, the boundary scan controller 140 is simply 

6 referred to as "controller 140" in some cases. 

7 In the embodiment, the data derivation part 89E includes a tristate buffer 94, pull-up means 

8 131 and a signal line TDO2. The pul I-up means 131 is connected to the storage means 85, the 

9 signal line TDO2, and a power source, and if the identification data is not stored in the storage 

10 means 85, the pull-up means always provides the signal line TDO2 with a weak current from a 

11 plus(+) side supply voltage so as to weakly pull up the signal line TD02. Thus, even when the 

12 output of the tristate buffer 94 is prohibited, the signal level of the signal line TDO2 becomes a 

13 predetermined signal level. The "predetermined signal level" is a high (H) level. 

14 Furthermore, if the identification data is stored in the storage means 85, the pull-up means 

15 131 prohibits pull-up of the signal line TDO2. Thus, if the signal level output from the tristate 

16 buffer 94 is an L level, the current which flows from the plus(+) side supply voltage to the 

17 signal line ID02 through the pull-up means 131 can be nullified, and dissipation power can be 

18 lowered. 

19 In order to prohibit pull-up of the signal line TD02 by the pull-up means 131, when using a 

20 TTL circuit, for example, prohibiting can be performed by inserting a high resistance between 

21 the plus(+) side supply voltage (Vee) and the output, and inserting a transistor between the 

22 supply voltage and the inserted high resistance. The transistor is achieved by, for example, a P-

23 N-P transistor. If using a CMOS, the prohibiting can be performed by controlling the gate of a 

24 P-channel transistor with high resistance inserted between the plus(+) side supply voltage 

25 (V dd) and the output. 

26 A semiconductor circuit chip assembly including the controller 140 and a semiconductor 

27 device configured by stacking a plurality of these semiconductor circuit chip assemblies are 

28 respectively similar to the semiconductor circuit chip assembly 81 and the semiconductor 

29 device 82 described 
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1 above. Also, a method of setting the identification data is similar to the method for the case of 

2 the controller 80 of the foregoing embodiment. 

3 Since the identification data of every semiconductor circuit chip is stored in the storage means 

4 85 of the controller 80, 130 or 140 in each embodiment, the semiconductor circuit chips which 

5 are disposed in the semiconductor device 82 can be identified by the identification data. 

6 According to a boundary scan controller in yet another embodiment of the present invention, a 

7 semiconductor circuit chip assembly including any of the boundary scan controllers 80, 130 and 

8 140 may be provided with signal selection means 150 for selecting a signal line in accordance 

9 with identification data which is to be stored in the storage means 85. 

10 Fig. 8 is a block diagram illustrating the signal selection means 150. A plurality of signal lines 

11 151 for inputting signals from the exterior or outputting signals to the exterior are connected to 

12 the signal selection means 150. The signal selection means 150 connects the signal line 151 

13 corresponding to the identification data among the plurality of signal lines 151, to an internal 

14 signal line 152. In the boundary scan controller 80, 130 or 140 described above, signal lines 151 

15 are additionally fom1ed in each semiconductor circuit chip assembly in the same number as the 

16 stacked semiconductor circuit chip assemblies, for example. 

17 As illustrated in Fig. I, Fig. 6 or Fig. 7, an identification data derivation line 153 for deriving 

18 the identification data stored in the storage means 85 is provided in the controller 80, 130 or 

19 140 in order to input the identification data to the signal selection means 150. In the signal 

20 selection means 150, the corresponding signal line of the added signal lines 151 is selected, and 

21 thereby each individual semiconductor circuit chip can be instructed to operate. 

22 For example, if the signal lines 151 are assumed to be chip selection signal ( abbreviated as 

23 "CS") lines, chip selection signals can be independently provided to the respective 

24 semiconductor circuit chip assemblies, and identification of the stacked semiconductor circuit 

25 chips can be performed using the chip selection signals. 

26 The semiconductor circuit chip provided with any of the aforementioned boundary scan 

27 controllers 80, 130 and 140, for example, a memory chip, and the semiconductor device is, for 

28 example, a mem01y module. 

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

30 any of 
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1 the boundary scan controllers 80, 130 and 140 in the memory chip may be provided with 

2 memory chip selection means 160 for selecting the memory chip. 

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

4 memory chip assembly. The memory chip assembly includes additional address lines 161 which 

5 are formed in addition to the address line of the memory chip, a selection signal line 162 which 

6 inputs a selection signal for selecting the memory chip, and the memory chip selection means 

7 160. 

8 The memory chip assembly is formed with the additional address lines 161 in the same 

9 number as the number of stacked memory chips. Furthermore, the memory chip assembly is 

10 formed with the selection signal line 162. 

11 The memory chip selection means 160 includes address comparison means 163 for comparing 

12 identification data stored in the storage means 85 and the addresses of the added address lines 

13 161, and operation permission information output means 164 for outputting operation 

14 permission information on the basis of the comparison result information of the address 

15 comparison means 163 and the signal received from the selection signal line 162. 

16 The address comparison means 163 is interconnected with the storage means 85 and the 

17 added address I ines 161, and compares the identification data with the addresses of the added 

18 address lines 161. If the identification data matches the address ofthe address line 161, the 

19 address comparison means 163 outputs the comparison result information indicative of 

20 matching. 

21 The operation permission information output means 164 receives the comparison result 

22 information from the comparison circuit 163, and outputs operation permission information for 

23 permitting the operation of the particular memory chip if the comparison result information 

24 indicates matching between the identification data and the address of the address line 161 and 

25 the selection signal for selecting the memory chip is input from the selection signal line 162. 

26 In the manner, the identification data which is stored in the storage means 85 disposed in the 

27 memory chip assembly can be employed as an address. Accordingly, even in a case where the 

28 same selection signal is input from the selection signal line 162, the specific memory chip can 

29 be selected and operated because the respective stacked memory chips have different addresses. 

30 Consequently, it is possible to select and operate only the necessary memory chips. 
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1 In yet another embodiment of the present invention, a memory chip assembly provided with 

2 any of the boundary scan controllers 80, 130 and 140 in a memory chip may be provided with 

3 data line selection means 170 for selecting data lines. 

4 Fig. IO is a diagram illustrating the data line selection means 170 which is disposed in the 

5 memory chip assembly. The memory chip assembly includes additional data lines 172 which 

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

7 the data lines, and the data line selection means 170 for selecting the additional data lines 172 

8 and connecting the lines to the data lines 171 of the memory chip. 

9 The data lines are input/output terminals, and whether the data lines are operating as outputs 

10 or inputs can be specified in accordance with an OE (output enable) terminal and the state of the 

11 RW (read/write designation) or the like. Therefore, data selectors for the inputs and data 

12 selectors for the outputs may be independently disposed, or if bi-directional data selectors are 

13 employed, even the input/output terminals can be achieved by the illustrated connections. 

14 The memory chip assembly is formed with the additional data lines 172 which are larger in 

15 number than the data lines of the memory chip. The data line selection means 170 includes a 

16 plurality of data selectors 173. Identification data are input from the storage means 85 to the 

17 respective data selectors 173. Each of the data selectors 173 is connected to the plurality of 

18 additional data lines 172, and one data line 171 of the memory chip. Any of the additional data 

19 lines 172 can be selected based on the identification data in order to be connected to the data 

20 line 171 of the memory chip. 

21 In the manner, the additional data lines 172 can be selected by the identification data. 

22 Therefore, for example, a memory module in which four memory chips each corresponding to 

23 an 8-bit bus are stacked can be used as a memory corresponding to a 32-bit bus. That is, inputs 

24 from the 32-bit bus can be selected by the identification data and distributed to the four stacked 

25 memory chips. Accordingly, a memory module of large capacity can be easily configured in a 

26 small space by stacking a plurality of memory chips. 

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

28 be added to a memory chip assembly so as to configure the memory chip selection means 160 

29 

- 30 -

INTEL-1009 
7,826,243



WO 2004/072667 PCT/JP2004/001430 

1 illustrated in Fig. 9 and the data line selection means I 70 illustrated in Fig. I 0, in combination. 

2 The present invention may be embodied in other specific forms without departing from the 

3 spirit or essential characteristics thereof. The present embodiments are therefore to be 

4 considered in all .respects as illustrative and not restrictive, the scope of the present invention 

5 being indicated by the appended claims rather than by the foregoing description and all changes 

6 which come within the meaning and the range of equivalency of the claims are therefore 

7 intended to be embraced therein . 

8 [Industrial Applicability] 

9 As described above, with the present invention, data to be output from a data derivation part 

10 can be made different between a case where fixed data held in fixed data holding means and 

11 identification data stored in storage means match and a case where they do not match. 

12 A boundary scan test is performed for a daisy chain in which a plurality of boundary scan 

13 controllers are connected. With the boundary scan controllers of the present invention, the 

14 identification data of a semiconductor circuit chip at the uppermost stage is held as the fixed 

15 data in the fixed data holding means, whereby the data to be output from the data derivation 

16 part, in only the boundary scan controller at the uppermost stage, can be made different from 

17 the data to be output from the other data derivation parts . 

18 Accordingly, the output part of the boundary scan controllers disposed in the semiconductor 

19 circuit chip of the uppermost stage is brought into a non-connected state, and thereby the data 

20 derivation parts of the individual boundary scan controllers can be connected to an identical bus 

21 line. That is, among the data derivation parts connected to the identical bus line, the data 

22 derivation parts of the boundary scan controllers disposed in semiconductor circuit chips except 

23 at the uppermost stage can be brought into a disconnected state from the bus line. Thus, a 

24 semiconductor device can be configured by stacking the same semiconductor circuit chip 

25 assemblies each of which includes the boundary scan controller. 

26 Furthermore, with the present invention, if identification data is stored in storage means and 

27 the comparison information indicates matching between the identification data and fixed data, a 

28 data derivation part outputs the same data as test result data output from an output part. 

29 Accordingly, the detailed test result data can be obtained from the data derivation part, and the 

30 specific location of a defective connection can be determined. 

31 Furthermore, with the present invention, if identification data is not stored in the storage 

32 means, a data derivation part maintains output at a predetermined signal level. The 

33 "predetermined signal level" refers to, for example, a state ofH level. Thus, even when the 

34 output side of the data derivation part is connected to a circuit, the data derivation part can be 

35 essentially be brought into a disconnected state from the circuit. 
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1 

2 Furthennore, with the present invention, semiconductor circuit chip assemblies can be formed 

3 by the same wafer process, and therefore labor for fanning the semiconductor circuit chip 

4 assemblies can be reduced. Moreover, when forming a semiconductor device, identical 

5 semiconductor circuit chip assemblies are stacked, and therefore the stacking order and the like 

6 do not need to be considered, fanning the device is simplified, and the manufacturing cost is 

7 lowered. 

8 Furthennore, with the present invention, even if a selection signal for selecting a memory chip 

9 is input, the operation of the memory chip is not permitted by permission means unless data 

10 corresponding to additional address lines matches identification data stored in the storage 

11 means. Accordingly, even when the same selection signals are input, the permission means can 

12 permit only the operation of one memory chip, and hence, each of the stacked memory chips 

13 can be operated. 

14 Furthermore, with the present invention, selection means selects additional data lines in 

15 accordance with identification data stored in the storage means and connects the selected 

16 additional data lines to the data lines of a memory chip, and therefore the additional data lines 

17 can be allocated to each of the stacked memory chips. Accordingly, each memory chip can be 

18 operated by connecting to bus lines which are larger in number than the bus lines corresponding 

19 to one memory chip. Thus, a large capacity memory module can be configured by stacking 

20 memory chip assemblies without increasing the types of memory chips. 

21 Furthermore, with the present invention, respective semiconductor circuit chips can be 

22 individually recognized by identification data stored in the storage means. Accordingly, the 

23 semiconductor circuit chips can be individually managed by using the identification data. 

24 Fmthermore, 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. 
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CLAIMS 

2 I. A boundary scan controller which is disposed in a semiconductor circuit 

3 chip, for controlling a shift register circuit composed of boundary scan cells 

4 respectively disposed between external signal input terminals and input terminals 

5 of an internal logic circuit and between external signal output terminals and 

6 output terminals of the internal logic circuit which are connected in series, 

7 comprising: 

8 a clock input part for providing input/output timings; a test mode input part for 

9 providing the predetermined operation instruction; a data input part for inputting 

10 the identification data and test data of the semiconductor circuit chip; 

11 storage means for storing identification data; 

12 control means for executing the predetermined operation instruction so as to 

13 store the identification data in the storage means, and for performing a circuit test 

14 with the test data so as to obtain test result data; 

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

16 means; 

17 fixed data holding means for holding predetermined fixed data therein; 

18 comparison means for making a comparison as to whether or not the 

19 identification data and the fixed data match, and outputting comparison result 

20 information; and 

21 a data derivation part for deriving data corresponding to the test result data 

22 output from the output part, on the basis of the comparison result information 

23 from the comparison means. 

24 2. The boundary scan controller according to Claim I, wherein if the 

25 identification data is stored in the storage means and the comparison information 

26 output from the comparison means indicates matching between the identification 

27 data and the fixed data, the data derivation part outputs the same data as the test 

28 result data which is output from the data output part. 

29 3. The boundary scan controller according to Claim 1 or 2, wherein if the 

30 identification data is not stored in the storage means, the data derivation part 

31 outputs data indicating that the identification data is not stored. 

32 4. The boundary scan controller according to Claim I or 2, wherein if the 

33 identification data is not stored in the storage means, the data derivation part 
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1 maintains the output at a predetermined fixed signal level. 

2 5. The boundary scan controller according to any one of claims l to 3, wherein 

3 if the identification data is stored in the storage means and the comparison 

4 information output by the comparison means indicates that the identification data 

5 and the fixed data do not match, the data derivation part maintains the output as a 

6 predetermined constant signal level. 

7 6. A semiconductor device comprising a stack of semiconductor circuit chip 

8 assemblies, the semiconductor circuit chip assemblies configured by disposing a 

9 boundary scan controller according to any one of Claims I to 5 in a 

10 semiconductor circuit chip. 

11 7. The semiconductor device according to Claim 6, wherein the semiconductor 

12 circuit chip is a memory chip, and 

13 the memory chip assembly includes: 

14 additional address lines which are formed in addition to address lines of the 

15 memory chip; 

16 a selection signal line for inputting a selection signal for selecting the memory 

17 chip; and 

18 permission means for permitting an operation of the memory chip if data 

19 corresponding to the additional address lines of the memory chip and the 

20 identification data stored in the storage means are matching and the selection 

21 signal is input. 

22 8. The semiconductor device according to Claim 6 or 7, wherein the 

23 semiconductor circuit chip is a memory chip, and 

24 the memory chip assembly includes: 

25 additional data lines which are formed in addition to data lines of the memory 

26 chip, and which are larger in number than the data lines; and 

27 selection means for selecting the additional data lines and connecting the 

28 additional data lines to the data lines of the memory chip, in accordance with the 

29 identification data stored in the storage means. 

30 9. A semiconductor circuit chip identification method for the semiconductor 

31 device according to Claim 7, wherein the respective semiconductor circuit chips 

32 are identified by the identification data stored in the storage means. 

33 I 0. A semiconductor circuit chip control method for the semiconductor device 

34 according to Claim 7, where the semiconductor circuit chips which have been 

35 selected on the basis of the identification data stored in the storage means are 

36 operated. 
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1 Amended Claims 

2 [July 28, 2004 (28.07.2004) International Bureau Acceptance: Claims 1, 2 and 5 of the initial 

3 application were amended; the other claims have not changed. (3 pages)] 

4 aA™S 
5 1. (Amended) A boundary scan controller which is disposed in a semiconductor circuit chip, for 

6 controlling a shift register circuit composed of boundary scan cells respectively disposed between 

7 external signal input terminals and input terminals of an internal logic circuit and between external 

8 signal output terminals and output terminals of the internal logic circuit which are connected in 

9 series, comprising: 

10 a clock input part for providing input/output timings; a test mode input part for providing the 

11 predetermined operation instruction; a data input part for inputting the identification data and test 

12 data of the semiconductor circuit chip; 

13 storage means for storing identification data; 

14 control means for executing the predetermined operation instruction so as to store the 

15 identification data in the storage means, and for performing a circuit test with the test data so as to 

16 obtain test result data; 

17 a data output prui that always outputs, for outputting the test result data obtained by the control 

18 means; 

19 fixed data holding means for holding predetermined fixed data therein; 

20 comparison means for making a comparison as to whether or not the identification data and the 

21 fixed data match, and outputting comparison result information; and 

22 a data derivation part for deriving data corresponding to the test result data output from the output 

23 part, on the basis of the comparison result information from the comparison means. 

24 2. (Amended) The boundary scan controller according to Claim 1, wherein if the identification 

25 data is stored in the storage means and the comparison result information output from the 

26 comparison means indicates matching between the identification data and the fixed data, the data 

27 derivation part outputs the same data as the test result data which is output from the data output 

28 part. 

29 3. The boundary scan controller according to Claim I or 2, wherein if the identification data is 

30 not stored in the storage means, the data derivation part outputs data indicating that the 

31 identification data is not stored. 

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

2 5. (Amended) The boundary scan controller according to any one of claims I to 3, 

3 wherein if the identification data is stored in the storage means and the comparison result 

4 information output by the comparison means indicates that the identification data and the 

5 fixed data do not match, the data derivation part maintains the output as a predetermined 

6 constant signal level. 

7 6. A semiconductor device comprising a stack of semiconductor circuit chip assemblies, 

8 the semiconductor circuit chip assemblies configured by disposing a boundary scan 

9 controller according to any one of Claims 1 to 5 in a semiconductor circuit chip. 

10 7. The semiconductor device according to Claim 6, wherein the semiconductor circuit 

11 chip is a memory chip, and 

12 the memory chip assembly includes: 

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

14 chip; 

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

16 permission means for pennitting an operation of the memory chip if data corresponding 

17 to the additional address lines of the memory chip and the identification data stored in the 

18 storage means are matching and the selection signal is input. 

19 8. The semiconductor device according to Claim 6 or 7, wherein the semiconductor 

20 circuit chip is a memory chip, and 

21 the memory chip assembly includes: 

22 additional data lines which are formed in addition to data lines of the memory chip, and 

23 which are larger in number than the data lines; and 

24 selection means for selecting the additional data lines and connecting the additional data 

25 lines to the data lines of the memory chip, in accordance with the identification data stored 

26 in the storage means. 

27 9. A semiconductor circuit chip identification method for the semiconductor device 

28 according to Claim 7, wherein the respective semiconductor circuit chips are identified by 

29 the identification data stored in the storage means. 

30 10. A semiconductor circuit chip control method for the semiconductor device according 

31 to Claim 7, where the semiconductor circuit chips which have been selected on the basis of 

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

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

PCT /JP2004/001430 

4 Amended Claim 1 was clarified to show that the data output part "always outputs". In Amended 

5 Claim 2 and Claim 5, "comparison information" was corrected to "comparison result information". 

6 The invention according to amended Claim I (hereinafter refened to as the present invention) is 

7 for resolving a situation where the electrode location is not free when making a three dimensional 

8 multilayer module using identical chips. 

9 Document 1 discloses that one chip of the chips that make the multilayer module has a full set of 

10 boundary scan controllers and logic that distributes a signal, and the other chips have a subset of 

11 boundary scan controllers that function according to the distributed signal. In other words, Document 

12 1 has a different configuration for each of the stacked chips. 

13 Document 2 discloses a test circuit where the scan input data and the scan output data are bus 

14 connected, and instead, a scan address/data selection destination is added in the scan path test. The 

15 scan input data, and the scan output data are bus connected, and a circuit is provided for dete1mining 

16 whether or not to output the scan results as scan output data based on whether the address 

17 information held in the test circuit matches or does not match a provided address. However, in 

18 Document 2, the scan input data and the scan output data are bus c01mected, so there is a need to add 

19 a scan address/data selection line, and one or more test lines are redundant when compared to the so-

20 called boundary scan test line disclosed in the present invention. 

21 Document 3 discloses that a boundary scan circuit is formed with a thin film transistor over an 

22 insulating layer provided on a semiconductor substrate, and Fig. 9 discloses a test pad when a 

23 plurality of chips are used by stacking. However, there is no disclosure related to a connection 

24 method with identical chips and identical electrode locations as with the present invention. 

25 Even if the aforementioned Documents 1 to 3 are combined in this manner, there is no disclosure 

26 nor suggestion of the technical concepts of the present invention, and the invention would not be 

27 obvious to a person of ordinary skill in the at1. 

28 The features of Claims 2 to 10 are also not disclosed in Documents I to 3. 

29 END 
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= (57) Abstract: A boundary scan conlrullcr lhal allows a boundary scan lo be executed and also allows a semiconductor device 
~ to be manufactured in such a manner that the same type of semiconductor circuit chips arc 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 

0 identification data is coincident 
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SZ, TZ, UG, ZM, ZW), .1-'5 :,/7' (AM, AZ, BY, KG, 
KZ, MD, RU, TJ, TM), 3 - C ,:, ,~ (AT, BE, BG, CH, 

CY, CZ, DE, DK, EE, ES, Fl, FR, GB, GR, HU, IE, IT, LU, 
MC, NL, PT, RO, SE, Sl, SK, TR), OAPl (BF, BJ, CF, CG, 
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

ijf;J-~lffl-ffi: 
- l!llll~~-i!r• 

I lllll 11111111111111111111111111111111111111111ll1111111111111111111111111111111111111111111111 

2 )C*:::J- t:'1,H>il!!O)ill§a!l::"?L'-Cli, )Ejt/j~fi~n.{i 
~PCT#-ti,:, j-,O)~iJ!l::ffl,tt~n-CL\.{, r::::i- n:lll§i! 
O)jj-(~';/A/-1--J ~i':!fflo 

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 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 substantiaJly disconnected from the bus 

line. ln this way, the same type of semiconductor circuit chips for which the boundary controller (80) is provided can be stacked, 

thereby manufacturing the semiconductor device. 

(57) •~= *1tllJlO) El ~Ii, ,,., ';/ ~ 1) A.:f-"" ✓~~~T .{,;: c IJ<-C: 'e", /J''?F,i)~O).!¥-W-!;$;1eli&'r •;, :t~~M l, -C .!¥­
W-!;$;!ll~~-litT 7a,;: c IJ<-c: ~ i,1,'? ';/~ 1) A=f-°" ';/ ::::i ';/ 1-- C-'5 ~mtlt-t ii;:: c -C: if.I ilo !2il.:f.B: B 5 l::reil ~ 
n.{iiljJIJ-r-11 c, IIJ)E-r-11 ii~.:f.~ B 7 l::ii~ ~nil IIJ)E-r-11 c ~ Jtf,l.:f.~ B 8 1:: cl:-:, -C Jt~ L,, ;:tt, b 0) 
.jJIJ-r-11 as J; t>lil)E-r-11 b'Jt-f!l-t 7a, c ~ 1:-r-1nJ1±1tll B 9 !J, i:,, 1±1 JJtll B 6 t.,, i; 1:f:1 jJ ~ ni>-r-11 c: F,i)-
0)-r-, t.,<l:f:ljJ ~tt,{> 0 I\'?';/~ 1) A~°" JT A 1---C:li, .!¥-.-!;$;[e)ffi'r,:, :fl:~lt i:,tt,i,1{>7 J~ IJ :::J JI-- C-7 
8 O 0)-r-, .1±1$ 8 9 ~F,il-0)1,A '5-1' Jl:ti•T {lo IUJIJ-r-, c: 111):E-r-, c:!Jt-f!l L/JL':11~1::li, -r­
, 31±1$ B 9 Ii, ~-..t. /\A7-1'Jl::tlf!L-CL'fJL\~~c!::Ti>.::::c:t.,t"'(:~i,o ;:n1::cl:-:,-C, ,,.,';/~ 1J::::i:.., 
I--C-'580#~1ti:,n.{,F,iJ80).!¥-3-!;$;1eli&'r,:,:f~~~l,-C,.!¥-W-!;$;~-~-/itT{>;:c:#-C:'e"{>o 
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;. ~ D =r o/ -:/'0)7 ~- v .Aa1::~.1J1] L- --c%d ~ :n.:s ~JJll:r F v .A• c:, 
J.~D=r-;;-:l'~amTQk~•~m%~AhTo•mm%ac, 

INTEL-1009 
7,826,243



WO 2004/072667 PCT/JP2004/001430 

wJ'~E} -=E- 1J =f--:; 7"0)~1J07 F v .Afflfc:MJ;t-t- o 7'-7 c, lB1l.:fmfcta-ii ~ 

tLo~!iJIJ7'-~ c i)~-~ L,, ti~--:>.1R{i%n~J,.jJ ~ tLoffl~f;:, } -=c-1) "f--:; 7"0) 

•11=~~PJT~~PJ~mc~~b:.c~~-CT00 

* ;a w:i f c tlE ;t f'i, } -=i:- 9 'T o/ 7" 0) ~ tl~:t :S iiHR ft% ii~ J,.1J ~ tL t;: c L, --C 1b , ~ 

1.1P 7 F v A • 1 c x-t tt-t- :s -r' - 7 c re ·tl :cf m 1c re ·11 ~ n :s tJJ.i,1-=r- - ~ c ti~ - ~ L- ft 

v' c , it Pf ~m ';: J:: 0 --C} -=E- 9 =f- o/ 7" 0) i/J 11:il~ilf Af ~ ti, ft v 'o L, t;: ?J~ 0 --C, IR]­

O) Rmm % ~ J,.jJ L, ~ c L- --Ct, ~Af-=¥m tt 1--:> 0)} -=E- lJ 'To/ 7" 0) ifJ 11= 0) ~ ~~ 

AfT Q :. C ii~ t" ~ Q O :. ;(I, fC J:: 0 --c' flli ~ ;(I, Q } -=E- 9 To/ 7" :::' C fC itJ11= ~ -lt Q 

:. c ii~ t"~ :So 

*~*~Witt, ME*8*@M"f-o/7"~, }-=E-9=f-o/7"t"~~, 

} -=c- 9 'T o/ 7" *11. :v: ~ fj: , 
} -=i:- Y "To/ 7" 0)7--~ {f;jlfc~:1Ja L- ·t}f~pjt ~ .h, Mite 7'-- 7 •O)~ J:: ~ t ~ v' 

~1Ja7·-7a.1::, 

ic.•jg~m fC ~~ ~ ;(l, Q ~!i3IJ7- ?7 fC J:: 0 --c' ~JJa-7'-7 {(;jl~·1R L- --c} 't" 1J 

'To/7"0)7'-7aKffiM-t-0•1R.-=¥-mc~~b~c~*McToo 

* t;:*'.18 w:i fcttt ;t ti\ •m-¥FiHi, j@ffi'..:fm f;: ilc.~ ~ ;(l, Q ffi5.llj7'- ~ fc J:: 0 --c 

~;1Ja7·-7 -~i!HR L- --c, } -=i:- 9 "f- o/ 7"0)7'-7 a,cfflmT o 0) t", ffili ~ tL o 

} -=i:- Y 'To/ 7"m: fc 7'- 7 kl ~t1J ~--co :. c ii~ t" ~ ;so L- t;: ?J~ 0 --c, 1 --:i 0)} -=c- 9 

-r o/ 7",cM tt-t- o /"' .A 7 -11/ J:: ~ t ~ i., '-'"' .7- 7 -1 1/ fcffiM L, --c} -=c- !J =r o/ 7" ~ib 

f'F ~ -lt o ::. c ii~ t" ~ o o 

* t;:*:1Bw:I t'±, M~*•t$:~&ric:tHt o *~f*@!m"f- o/ 7"mJ.JrJ»rtt"~ 0--c, 

fc,•lj~- f;: ~•jg~ ti, Q ID&J.llj7-?7 fc J:: 0 --c **•{t$:@].7 o/ 7" ~mJ.llJT Q ~ C ~ 

%McTo*•~~~O)¥-•~@lM"f--:;7"B ~~~t"~oo 

*;a JY3 fC1..<E ;t If, ~•Ji~m ,cre•!i ~ tL o ffi}Jlj7'- ?7 ,c J:: 0 --C 45-*~~@]Jm"f- o/ 

7" ~ M J.llH;: m ffi T Q --=- C 7J~ t" ~ Q O L, tu~~ -:, --c' ffi!ijlj 7 - ?7 ~ ffl t, \ --c ¥-. ~ @l M 

7 o/ 7" ~~J.llj f;: ~JJ! T Q ::. C 7J~ t" ~ Q 0 

* r:.*~'YH'±, M~¥-•1*~1:1:::t;Ht :s ¥-~~@M"f- o/ :1'ttl1~»rtt"a; 0 --c, 

re•!l.:fmi::w·l:i ~ tL o ffi5J1Jr-?7 fc£---::5v' --c~t.R. L-f;:¥--~@M"f- o/ 7"ic·ib11=~ 
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ffb~Q::.c~MRcTG*•~-•O)*•~®MTo/7M•~~-r-~Qo 

*~~ 1c1tE x..1:1:, ia,~-=1=-m1c~'lt ~ h Q ~!i31Jr--5' 1c£--:51,,,--ciiHR 1_, t;:*-~ 
@MT o/ 7lCiJJ11=~fib~o 0)-r-' ffi}i ~ ho *~f,$:@Mr o/ 7~-/i!iJ1Jlctb{1=~ 

.:it G ::. c ;o~ -r- ~ G o 

[ ~ ffii O)ftij * ftffi. ~] 

*~~O) ~ 1¥-J, ~is, :to J:: V~L¢.U:t, ri@O)ff,t41JftmM C ~Im C 'jJ:,. G J:: ~ ~ii 

I~ ft o -r- iti) 6 5 o 

~ 1 l'i, ;$:38~ O)~JimO)-~~-r-iti) G /{? 1/ ?7• 9 ;t. q:--z 1/ :::z 1/ t- P - 7 8 0 ~ 

?FTf o o/? ~ -r- i1i) o o 

I@ 2 l'i, /{? 1/ 7'. V ;t. q:- -z 1/ :::i 1/ t- P - 7 8 0 ~ -¥~,f;t,=§l ■r o/ 7lcn ~t--Cff4: 

~~fl,Q*~~@MTo/7Mli~81~ff-;T7Po/:?'~-r-~Qo 

~3~,-¥W~@MTo/7Mft,f;t,=s1~--ffi~L--c«~~ho-¥•~--8 

2 ~ff-;i""7' p o/? ~ -r- i1i) Q 0 

I@ 4 f'i, ::z 1/ t- P - 7 8 0 O)tr,1;i-=¥ijt 8 5 IC~1.\IJ7'-?7 ~NJET Q it.1{1=~?FT 

7p-7-z- t--r-iti)Qo 

1@5~, :::I1/}--P-780~*•~®·To/7Kft~--C%~~hQ*•~®· 

'T o/ 7" *.ll .l[ ~ 8 1 0) !2. iV~ 7' - 1/ 0) - ~B ~ ff-; T i4 tj. ~ -r, iti) G o 

I@ 6 1:t, ;$::9e~ (7) ~ 6 l~ft!!OJ~nm0)%1JOJ/{? 1/ ~- 9 .7-. q:--z 1/ :::z 1/ 1-- P -7 1 

3 o ~ff-;T7 o o/? ~-r- ~ Q o 

~ 11'i, *:9e~O) ~ G 1;:ft!!O)~nm0)%~0)/{ 17 ✓ ?7· v A q:--y ✓ :::z ✓ t- P-7 1 

4 0 ~?F"t-7' p o/? ~ '"t:' &> Q 0 

~8~,ffl%~m-=¥m1so~~T7Po/:?'~-r-&>Go 

~9~, }~9ro/7"M.ll~~R~Gh-75}~9To/7~~-=l=-&160~?FT 

~-r-~Qo 

§10~, }~9To/7M~~~-~Gti,Q~-?1-~~~•11o~~T~ 

-r-~oo 

~ 1 11:t, 7-":fq:--z]) 7 l ~mv''t°T o/ 7" 2 ~f.lli l..,f;:_*~f*•-/1:~ff-;Ti~ 

m ~ -r- iti) Q 0 
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~12~,•-~-~T0Ca~M~To//~S~LtW~~h0·-~-­

~m~-r-0 t:../iJ(l)~"('&i) 0o 

~13~,•-~-~T0C■~M~To//~ffi~Lt•.6x~h0•·~-­

~mijlj-r- 0 tr:. liJ (J) ~ -e &i) 0 0 

~14~,•- ~-~T0Cm~M~To//~-~Lt•~~h0•·~--

~m~-t o tr:. liJ (J) ~ -e &i) 0 0 

~ 1 5f'i, /,l)::,,,?1•9 ::,,,-7-q:-.,,.::,,,7.A r-(J)~rt~Jmijlj-r-ok./iJ(l)~"('&iJ0 0 

~ 1 6 t'i, /' '7 ✓ ?" .. !J ✓ .A q:- .,,. ✓ T .A 1-- (J) ~ rt ~ m ijlj -r 0 k. liJ (J) ~ -e &i) o 0 

~ 1 7 f'i, ~ 161c~-r-fl,li-r1/.1-,v 5 o 1c:t:nt0To//jllft~(J)Wc.rtjV~?" 

- ::,,, ~;;r;Tlf4tl@-e ib o o 

~ 1 s f'i, ~ 1 6 fc~-rftJi-r 1/ .1 - ,v 5 o fc :t-nt 0 To/ /*llli ~(J)ii2.•/~ ?" 

-✓ ~~"tjft}!~"'(:&i) 0o 

(~ijlj ~~iffiT o tc liJ (J) ~ ~ (1)%~1 

~ ~@im~~~fc L t*3BIY:I (J),tff~t.t.~nm-Wtl t-rt*IB fcIDtlY:IT 0 o 

~ 1 ['i, *36 IY:I (J) ~nffi (J)-%~ -e &iJ o /' '7 :1/ ?7'' !J .A~ -t' :1/ ::z :1/ }- r::z - 7 8 O ~ 

~T f r::z o/ ::7 ~ -e ib o o ~ 2 f'i, /' '7 ::,,, ?". !J .A q:-.,,. ::,,, ::z ::,,, r- r::z - 7 s o ~ •~f* 

@~T o//lC~~tt-#f.5x ~ no •~~lfil~'T o/ /.ffllif* 8 1 ~~-r-·fr::z o/ ::71§"(' 

ib00 P'JS~ m!@J~9 7 c!::~~~c!::(J)it€{mft/M-1-f'il Oi]~f&'.iELtv'oo ~3f'i, 

·~~@J~To//.fflli~8l~~~ffi~Ltm~~h0·~~~~82~~Tf 

r::z o/ ::7 @"t:' ib 0 0 *~nm (J) mtm (J) /~ '7 ✓ ?". Y .A q:-.,,. ✓ :::i ✓ 1-- r::z - 7 s o 1:t... 1 T 

AG (Joint European Test Action Group) (J)m.#H:~~ L tl/JffT 0 0 /' 17 1/ 

?" .. Y A q:- -t' 1/ :::z 1/ }- r::t - 7 8 0 f'i, .:f..f,$:.fi: 8 2 IC :t31,,, t •·f*@J~T o/ /7J~ 

~rm~ h ti." o t.,:,,iStP ~~~ir, 1c T .A 1-- -r 0 t=.. liJ (l)@JM-e ib 0 0 

~? ✓~v.A~.,,. ✓ :::i ✓ t-r::z-7so~ ... Ah8s3,~•~ms4 ... ~•~ 

ms 5, w~Ss6, ~'.iE~-?1~M~&s1, ~•~msa:totu~-?"•W 

w~ 8 9 ~-atro fM&, /~ '7 :1/7' •. !J .A~.,,.::,,, ::i::,,, l-- r::z-7 so ~-fc ::z ✓ l-- r::z -7 

s o ~ ~~To ffl~ t.,) ~ o o 

A~$83~,~liJ'.iEliJo•w~~' ·-~@JMTo//(1)•~¥-?:tatVT 
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A 1-- y· - 7" ~ J\JJ-t .:s v 9 7 1v -1 ✓ 7' 7 .:c. - A~ ;t;;, .:s O .A.tnm s 3 1±, 4 * 0) f~ 

%f6!1l TC K (Test Clock input : ? n o/? .A.1J$) , TM S (Test Mode Select 

input:7?..J-.-r-~·.A.1J$), TDI (TestDatainput:-r-?"J\.1J$), T 

R S T (Test Reset input : 7 7.. J-. 9 to/ J-. .A.1J1f~) :a:-,ff"t Q o 0.f&, ~~{,$:@1 

~7 o/ 7"0)~}JIJ7'-7' :a:-~f~~5JIJ7-7' ~ W~T Q ~fi-il~ ;!;;, Q 0 

T CK f±, fff!J.-'¥¥& 8 4 ~~Aili.1J ?' -1 ~ Y Y ~ 1f ;t, ~ ;(if 0) v 7.. 7 A? n o/? 

~~~~L~77..J-.fflOJ?n-:,;?~~-T.:S~%M-e;t;;.:So TMS~,~~~~ 

;sWJ{1=fr;r~~A.1J L, 77.. J-.jb{1=~intlq~T.gf~·%·~;t;;,;so TD I /'i, ITT&5J1Jy·­

?"~J:077.. J-.-r-?":a:-V97~A.1JT.:Sffl%a-e;t;;,;so TRST~, :::iy}-o 

-7 8 o ~?FIW1~f;:W~1~-t";s~~OJ7-?"~A.1JT;sfi%a~;t;;,;sc ::.tLG<7J 

4*0Jfi%al±, J7}.$0) J TAG7'"7..?"-f;:J:0tifi1HaJlttL, /"'?Y7''' 9 Y?..::\=-­

-Z ✓TA t- ii~ ft v tL ;s C *•• 0) w~-e 1±, J\11 :tr~ 8 s f;: f~ %a T R s T ti~~ ,t 

bfLQ~, JTAGm•-e~*~Y3 ✓•~~;!;;,V,*~MO)~O)-•O)w•~ 

~t,\t, J\11$ 8 3 f'i, fg%a TC K, TM S, TD I OJ 3--:> ~lfT ;s~IVG ~ L 

t b J: v'o 
J\.1Jtf~8 3/'i, intlqaJJ-'¥¥&8 4 ~f~]if;:~mth, J TAG7'"7..?'-ir>G1f.:tb 

tL ;s-=y ~ ~ ~ ;s i/Jf1fit*, a1M.11J-r- 7' ~ J: o-r A t- -r-7' ~ffi1Hij-=¥J:& s 4 1;: 4 ;t 

0o 

ffilHij.:ff& 8 4 f'i, .A.1Jff~ 8 3 iJ~b?c.'ll-¥¥& 8 5 t~fi&}JIJ7-7' ~ic.'lltit0j/Jf'F 

-iftl*il~A.1J t ti,;s ~, ::. <7J-$*~-fi Lt, J\11:tf~ 8 3 ti~ GA.1J 6 tl,.g ITT&5JIJ7·­

?' ~y· ::1- FL t~11l.:f~ 8 5f;:~'ll6it00 ~t:.1M•-=¥~8 41±, Ah$8 3 

ti~ G /"' '7 1/ ?"'' 9 7.. ::\=- -z 1/7 7.. J-. ~ ~HTT .:S tb111fn-* ;o~ .A.7J 6 tL 0 ~, -:. O)fij-* :a:­

~fi Lt, )\f1~8 3ti~i::,)\f16h077.. J-.7--?"~fflt,\f:_@J]m7?.. J-.~-fiL 

t7 7,. Ht.tHl~=T-7' ~1t ;s O ffi.5J11-r·- ?' ~w'll-=Ft& s s i~ w'll 61t ;s fj)f1=fit*1:t, 

f:. ~ :Zl'J>"'? 1/7'''9 7.. ::\=--z Y-if/:r*<7J*~ffl :::i- F~jlj~t 0o @1Jm7 7.. J-. ~-fi 

T 0 ~,g-, ffilHij=J=.J:& 8 4 /'±, /"'? Y ?"~ 9 7.. ::\=- -z 1/ffilJ1ijfg%~ 1±111 Lt, f&imT 0 

y 7 J-. V 1/ A 7' [fil Jm 9 1 ~ ffilHaJl T Q 0 

~•.:fm84~,-1Y7..J-.7?vaYv-V:7..?"~,77..J-.-r-?"v-V:7..?'~~ 
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B" tr O -1 1/ .7- ]-. 7 :7 1/ :3 1/ v 1/ .7- ?7 tt, /" ? 1/ ?'~ !J -7- q=- -y 1/ T .7- l-- ~ ~fiT Q f;: 

IJ00)~*7-?7~~~fi~IJOO)~*~-F~~o/['""9Q~/JoO)tO)~~Qo TA 

!-- 7 - ?7 v V: .7- ?7 1-:t, /" ? 1/ ?7~ Y .7- :\=- --\' 1/ T .7- 1-- ~ ~ fi T Q f;: /Jo 0) T .'.A I-- /~ ?7 -

1/7-?1~to/l--Tof;:1JOO)t0)~~00 .,f/'.7-r-7:71/3/'V1/.'.A?7~J:V-r 

.7- l-- T - ?1 v :P .7- ?7 1-:t, v 'f ti, t , 1/ 7 1-- v 1/ .7- ?7 0) ;j:fil fflU::: ft -=> t ~ IJ , T - ?1 

~~ o .frrti'-tJ~ffi!Hij-¥~ 8 4 l;:)\jJ ~ ti, o .1::, 1~%;'@T D I iP G )\jJ ~ no TIJO~ 

/Joo~W-frr*~J:0*~7-?7~-~~1/7r-v:P.7-?7~~L-t,m%~TDO 

(Test Data Output : 7--?7 t±ljJ$) 'iQ~ G tf:ijJ To;:_ l'.'. ii~~~ o o £)Ji, T /Jo~ 

IJOolbWfi'I{i-~ J: 0*~7-?7 ~~~L-t, ~l;:7--7 .1::ir.~-tQm~:tJ~~oo 

ia·I!-¥~ s 5 1-:t, ffitli~-¥~ s 4 ,;: J: 0 t7 ~ - F ~ n tdi1.11J7-?7 ~wa~-t o 0 

~•It-¥~ 8 5 l'i, 7 !) o/ 7° 7 o o/ 7" (;: J: --.:i t -~ ~ ti, o 7 o/ 7 [El~ l'.'. L,, /" ? 1/ 

~:!).7-q=--y/'-r.7-l--~~fiTQf;:/Jo0)~$~--~tl,oJTAG'T.'.A?7-0) •• 

~A~ICffi~IJv'--7 ~ A7J L-iOC-tm~ l'.'. T Oo 

;:_0)•~-~~7--7~ffi~TQ~~~~oO)~,nfflJTAG'T.7-?7-~~ 

~ft J TAG T .7- ?7 - .!::: -ltf, ROM (Read Only Memory) .!::: :7 o o/ :7 :3e1:_~ft 

.1::''~ffijJz, 1¥-J IC J TAG 1~%~:361:. ~ it o [E]~~{~fflT o ;:_ l'.'. t ~~~~ Q o 

;$::3e~0)~1ifii;O){fl!.0)%~~l'i, ic.'li-¥¥l 8 5 ~ E PR OM (Electrically 

Programmable Read Only Memory) ft l'.'.°O)::f-:38 ;,( -=E- !J f;: J:-:::> t ~~ L-, 1 ./t~ 

7.IIJ7-?7 ~ia·li~ ito t-!.ftt', ;:. 0).7.llj7'-?7 7J~{;\iHf ~ ti, Q;j:~~ .1:: L- t t J: v'o 

're'l:i-¥$l8 51-:t, ffi1.llJ7-?70)l::::''o/ rffe;J: IJ t 1 l::"'o/ l--$v''re~'pj{:h.i:JG~1fToo 

--=> * IJ , ic. 'I:~-¥~ 8 s f;: ta ·l:l ~ ti, Q -r - ?7 r±, -t 0) 1::::-- o/ 1--* tJ~ ffi 1.llJ 7 - ?7 0) 1::::-- o/ 

1--ffe:J:IJtl l:: .. o/ 1'$v't0).1::Too ;:.O)JCffe:0)1 e·o/ J-.(;:, #iU~-¥$l84,cJ: 

-:it, iri'l:i-¥~8 5 fcITT&5JIJ7-?7iJ~ir.'l:i~;ht;:iJ:.~sti~ti~WB~~tl,Qo ;:_ti,1;:J: 

-:::> t, fr.'l:l~~ 8 5 IC~7.llj7'-?7 7J~~•jg ~ ti, t l,,\ Q iJ:.~i):.tJt~Jz, I;: pi):. Q 0 

lli jJ1f~ 8 6 l'i, #iHo:11-¥~ 8 4 ic J: 0 t~~ G ti, t;: T .7- 1-- ~*=r-- ?7 .!::: , -1 1/ _;;;t. l--

7 :7 1/ 3 ✓ V 1/ ,A ?7 ~ J: 0".r A 1' 7- ?7 V 1/ A ?1 ~~ L, t f!iHij-¥~ 8 4 tJ:. G lli jJ 

~no=f1J0~1JOo•w~~~J:a*ff-r-?1.!:::~ilin-tot;:1J00)1/:!J7N-11/?1 

7 .:J:. - .7- ~ ~ IJ , 1~ % iM! T D O ~ ~ T o o 
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~JE7-7*M*ft87~, ~IET-Ja"*MToo ~XE7-J~, ~Yro 

-7 8 o a"¥wfi.fs:@m'f-:»::t~;:~~t--rm,ox;tho¥~~1film'f-:»::t*.1u'.z:fi.fs:8 1 a" 

~~ffi,lf.m;~ t, ¥~~~ii: 8 2 :a-~1if,ox;T o c ~ f;:, * J:.¥1 ~;:Mc.tit~ :ho -¥~1* 

@m'f- o/ ::tOJ~J.1,1-r·-7 -e ~ o O *1:• 1;:waM: th 0 ¥~~@~:r o/ ::t1'i, ¥-~ 

f*~M: 8 2 :a-1lJi f;:W~T o c!:: ~ f;:, £t&il~ G ~ t l!lixi"" 0 {ll~ ,;: !~ ~t G h 0 t 

0) -e ~ Q 0 

~~7-7fiM*f& 8 7 ?'i, t-::.. c .:z..t!?-1 i7- r·o 1/ :» ~ h: J: 0--CW!Jt~hoo 

*•aOJ%8-e~,~IET-J*M*ms1~•~~--r#a-to~,*~~~~ 

b f;:ff!! OJ~:1ifii:OJ%ffg-e f'i, ffitl.!!-g-.Ex: f;: J: 0 --c ii JET-J f*M*fi 8 7 a"if:fif.Ex:T o 

ffl-g-, ::. OJ~ ~7--J f*M*f& s 7 f'i, :f&lZnT o .l:t~*fi s 8 f;:_ P".l'§ th --Cv\t 

t J: 1.,\0 

J;tte*• s s ?'i, wr.ili-¥r& 8 5 f;:tc•li~ hom&J.11J7-7, :t3 J: Vjijxt7-JilF: 

M*f& 8 7 f;:{iM ~ h 0 fili!JE-r--J a- :AtJ ~, ::. h G OJffiJ.lljf-- 7 :t3 J: Vlifil~T­

-7 iJ~IWJ---c.-'ib o ir•~iJ~a-J;t~ L, J;t~~*tlffla-llitJToo .l:t~-¥~8 81±, 

~·/i-¥¥j: 8 5 f;:~1,t~h0~J.IIJ-r--J :a-, lwlZn ~t-::..JL*f.t 1 t··o/ r OJ-r--J a--er 

o0 --c fifil JEr-, c:: ~~--to O ::. ,ti, 1::: J: 0 --r, mJ.111-r-, ;o~tc·li*.®: s 5 1;: fr.•!!~ 

.htv\f,tv\~,frf::f'i, .l:t~*f& s 81±, ~f;:::f-~'t:'3bo::. c a-7FT.l:t~tt~d1f 

ff a- lli tJ T o ::. c :b~ -e ~ o o 

7'-7~tf:Hf~ 8 9 l'i, ffi 1 :t3J:Vffi 2 ~OR if- r 9 2, 9 3 .!::, r 7-{ AT 

- rr~o/77 9 4 .!::, f~%itlTDO 2 :a-~Too ffi 1 OJORif- r 9 2 OJA::fJ*im 

-r OJ - Jf l'i, J::t ~ * f& 8 8 c ffl ]iJ;: t1Hi7t t :h, A ::fJ i'clffi + OJ {fl! Jf f 'i , fr. 'Ii-¥ fl 8 5 

cf§]jJ;:_~mthoo ffi 10)0 R-3/- r 9 2 f'i, J;t~-¥f& 8 8 OJJ;t~1ffi*'itffi;o~, 

m&J.IIJ-r--7 :t3 J: v~ xt-r·-7 :il~-f!ct ;s::. c a"~T§-g-, * t-::.. f'i!c.'!i-¥f& s sf;: 

m1.1,1-r· -7 :o~'re~ ~ h --r i., \ ;s c ~ ~;:, r 7 -1 7,. ::y- - r /~ o/ 7 7 g 4 t;: 1±111 ilf PJ ft 

%:a-tf:ltJToo 

ffi20JORif-r930)}\jJ.--f-O)-jf~,lli::fJ886't:'3boffl%aTDO.!:: 

flD:iJ;:1J€m~h .. A11*1m+OJ{tl!.Jfl'i, 're'li-¥¥18 5 cf§lif:::~t~thoo ffi 2 OJ 

o R if- r 9 s f'i, tr.'~ -¥f& 8 s f;: ntJ.111 r· - , :o~ ia 'Ii t h --c 1., \ o ~'fr 1;:, tf:l tJ tm 
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