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DESCRIPTION 

STORAGE DEVICE 

FIELD 

[0001] Embodiments described herein relate generally to a 

storage device. 

BACKGROUND 

[0002] In storage devices, in order to improve the package 

density, multiple memory chips are stacked on a control chip. In this 

case, it is desired to reduce the consumption current of the storage 

device. -
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SUMMARY 

TECHNICAL PROBLEM 

[0004] An object of one embodiment is to provide a storage device 

which can reduce the consumption current. 

SOLUTION TO PROBLEM 

[0005] In general, according to one embodiment, there is 

provided a storage device including a control chip and a plurality 

of memory chips. The control chip has an input buffer common to the 

control chip and the plurality of memory chips and electrically 

connected to an external terminal. A first transmission path going 

through the input buffer and a second transmission path not going 

through the input buffer are provided between the external terminal 

and the plurality of memory chips. In a first mode, the control chip 

enables the input buffer so as to activate the first transmission 
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path and, in a second mode, disables the input buffer so as to activate 

the second transmission path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] 

[FIG. 1] A cross-sectional view showing the configuration 

of a storage device according to a first embodiment. 

[FIG. 2] A circuit diagram showing the input terminal 

related configuration of the storage device according to the first 

embodiment. 

[FIG. 3] A cross-sectional view showing the configuration 

of a storage device according to a modified example of the first 

embodiment. 

[FIG. 4] A circuit diagram showing the input terminal 

related configuration of the storage device according to the modified 

example of the first embodiment. 

[FIG. 5] A circuit diagram showing the input terminal 

related configuration of a storage device according to a second 

embodiment. 

[FIG. 6] A circuit diagram showing the input terminal 

related configuration of a storage device according to a third 

embodiment. 

[FIG. 7] A circuit diagram showing the input terminal 

related configuration of a storage device according to a fourth 

embodiment. 

[FIG. 8] A circuit diagram showing the output terminal 

related configuration of a storage device according to a fifth 

embodiment. 

[FIG. 9] A circuit diagram showing the output terminal 

related configuration of a storage device according to a sixth 

embodiment. 

[FIG. 10] A circuit diagram showing the output terminal 

related configuration of a storage device according to a seventh 

embodiment. 
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[FIG. 11] A circuit diagram showing the input terminal 

related configuration of a storage device in basic form. 

[FIG. 12] A circuit diagram showing the output terminal 

related configuration of the storage device in basic form. 

DETAILED DESCRIPTION 

[0007] Exemplary embodiments of a storage device will be 

explained below in detail with reference to the accompanying drawings . 

The present invention is not limited to the following embodiments. 

[0008] (First Embodiment) 

A storage device 100 according to the first embodiment will be 

described using FIG. 1. FIG. 1 is a cross-sectional view showing the 

configuration of the storage device 100. 

[0009] In the storage device 100, in order to improve the package 

density, multiple memory chips 10 are stacked on a control chip 20. 

For example, in the storage'device 100, the control chip 20, a memory 

chip 10-1, and a memory chip 10-2 are stacked in that order on a basal 

plate 1 as shown in FIG. 1. They are encapsulated by encapsulation 

resin 30 filling spaces around them. In this case, for example, 

external terminals 2 are connected with elements in the chips with 

use of'TSVs (Through Silicon Vias) extending through the substrates 

of the chips. 

[0010] For example, the external terminals 2 are connected with 

elements in the control chip 20 via lands 3, bumps 4, TSVs 5, and 

multi-layer lines 21. The external terminals 2 are provided 

immediately under the basal plate 1 and electrically connected to 

the lands 3. The lands 3 extend through the basal plate 1 from its 

lower surface to its upper surface. The TSVs 5 extend through the 

substrate 22 of the control chip 20 from the underside to the front 

side and electrically connect the bumps 4 and the multi-layer lines 

21. 

[0011] The external terminals 2 are connected with elements in 

the memory chip 10-1 via the lands 3, the bumps 4, the TSVs 5, the 

multi-layer lines 21, bumps 6, and multi-layer lines 11-1. The bumps 
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6 are joined to electrode pads of the multi-layer lines 21 and 

electrode pads of the multi-layer lines 11-1. 

[0012] The external terminals 2 are connected with elements in 

the memory chip 10-2 via the lands 3, the bumps 4, the TSVs 5, the 

multi-layer lines 21, the bumps 6, the multi-layer lines 11-1, TSVs 

7, bumps 8, and multi-layer lines 11-2. The TSVs 7 extend through 

the substrate 12-1 of the memory chip 10-1 from the front side to 

the underside and electrically connect the bumps 6 and the bumps 8. 

The bumps 8 are joined to the TSVs 7 and electrode pads of the 

multi-layer lines 11-2. 

[0013] It should be noted that, although FIG. 1 illustrates the 

case where TSVs 9 extend through the substrate 12-2 of the memory 

chip 10-2 from the front side to the underside, the TSVs 9 may be 

omitted. Further, although FIG. 1 illustrates the case where the two 

memory chips 10-1, 10-2 are stacked on the control chip 20, the number 

of memory chips 10- stacked may be three or greater. 

[0014] In the storage device 100, each of the control chip 20 

and the multiple memory chips 10 receives a control signal via a common 

external terminal 2 (input terminal) and operates according to the 

received control signal. For example, when receiving a chip enable 

signal CEn via a common CEn terminal 2a (see FIG. 2), each of the 

control chip 20 and the multiple memory chips 10 sets all its functions 

to be valid according to the chip enable signal CEn. When receiving 
a command latch enable signal CLE via a common CLE terminal 2b (see 

FIG. 2), each of the control chip 20 and the multiple memory chips 

10 goes into a state of being able to accept commands according to 

the command latch enable signal CLE. When receiving an address latch 

enable signal ALE via a common ALE terminal 2c (see FIG. 2), each 

of the control chip 20 and the multiple memory chips 10 goes into 

a state of being able to accept addresses according to the address 

latch enable signal ALE. The control chip 20 receives a write protect 

signal WPn via a common WPn terminal 2e (see FIG. 2), and when the 

write protect signal WPn takes on an active level (L level) , the inside 

of the control chip 20 transitions to a write-protect state, where 



5 

writing/erasing data into/in the memory chips 10 is prevented. When 

receiving the write protect signal WPn via the common WPn terminal 

2e, each of the multiple memory chips 10 inhibits writing into memory 

cells according to the write protect signal WPn under the control 

of the control chip 20. 

[0015] Consider the case where an input, buffer to receive a 

control signal via an external terminal 2 (input terminal) is provided 

in each of a control chip 920 and multiple memory chips 910 in a storage 

device 900. For example, as shown in FIG. 11, input buffers 921, 911-1, 

911-2, transfer switches 922, 912-1, 912-2, and logic control circuits 

923, 913-1, 913-2 are provided in the control chip 920 and multiple 

memory chips 910-1, 910-2 respectively. FIG. 11 is a diagram showing 

the input terminal related configuration of the storage device 900 

in basic form. FIG. 11 illustrates the WPn terminal 2e as an input 

terminal. 

[0016] The input buffer 921 and the transfer switch 922 are 

connected to the WPn terminal 2e via a TSV 5, a bump 4, and a land 

3. The input buffer 911-1 and the transfer switch 912-1 are connected 

to the WPn terminal 2e via a bump 6, the TSV 5, the bump 4, and the 

land 3. The input buffer 911-2 and the transfer switch 912-2 are 

connected to the WPn terminal 2e via a bump 8, a TSV 7, the bump 6, 

the TSV 5, the bump 4, and the land 3. 

[0017] The storage device 900 has a normal operation mode and 

a test mode and, in the normal operation mode, uses the WPn terminal 

2e as an external input terminal for the write protect signal WPn 

and, in the test mode, uses the WPn terminal 2e as a for-test terminal. 

That is, the storage device 900 uses the WPn terminal 2e as both the 

external input terminal and for-test terminal. 

[0018] In the normal operation mode, the logic control circuits 

923, 913-1, 913-2 supply enable signals (j>E of an active level to the 

input buffers 921, 911-1, 911-2 and transfer signals <|)TX of a 

non-active level to the control terminals of the transfer switches 

922, 912-1, 912-2. Thus, the input buffers 921, 911-1, 911-2 become 

operable, and the write protect signal WPn can be supplied to the 
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logic control circuits 923, 913-1, 913-2 via the input buffers 921, 

911-1, 911-2. The transfer switches 922, 912-1, 912-2 are kept in 

an off state. 

[0019] The logic control circuits 923, 913-1, 913-2, in the test 

mode, supply the enable signals <j)E of the non-active level to the input 

buffers 921, 911-1, 911-2 and the transfer signals <j>TX of the active 

level to the control terminals of the transfer switches 922, 912-1, 

912-2. At this time, the logic control circuit 923 selects a chip 

to be tested from among the control chip 920 and multiple memory chips 

910-1, 910-2 and supplies a chip address selection signal of the active 

level to the logic control circuit of the selected chip. If the chip 

address selection signal of the control chip 920 is at the active 

level, the logic control circuits 923 supplies the transfer signal 

(j)TX of the active level to the transfer switch 922 . If the chip address 

selection signal of the memory chip 910-1 is at the active level, 

the logic control'circuits 913-1 supplies the transfer signal (j)TX of 

the active level to the transfer switch 912-1. If the chip address 

selection signal of the memory chip 910-2 is at the active level, 

the logic control circuits 913-2 supplies the transfer signal (|)TX of 

the active level to the transfer switch 912-2. Thus, the transfer 

switch 922, 912-1, 912-2 of the chip selected by the chip address 

selection signal is turned on, and the inside of the chip can be tested 

via the WPn terminal 2e and the transfer switch 922, 912-1, 912-2. 

The input buffers 921, 911-1, 911-2 are in a stopped state. 

[0020] In this configuration, an equal number of input buffers 

921, 911-1, 911-2 and an equal number of transfer switches 922, 912-1, 

912-2 to the number of the control chip 920 and memory chips 910-1, 

910-2 are electrically connected to the WPn terminal 2e. That is, 

because the number of elements to be mounted in each memory chip 910-1, 

910-2 is large, the chip area of each memory chip 910-1, 910-2 is 

likely to increase. If the chip area of each memory chip 910-1, 910-2 

increases, the package of the storage device 900 (see FIG. 1) becomes 

large, and thus the cost may increase. Further, because the number 

of elements connected to the external terminal 2 is large, the 
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capacitance in view from the external terminal 2 is large, so that 

the consumption current due to charging/discharging that capacitance 

when the control signal is inputted may increase. 

[0021] Accordingly, in the first embodiment, in the storage 

device 100, instead of the respective input buffers of the control 

chip 20 and multiple memory chips 10-1, 10-2, a common input buffer 

is placed in the control chip 20 so as to achieve a reduction in the 

memory chip area and a decrease in power consumption. 

[0022] FIG. 2 is a circuit diagram showing the input terminal 

related configuration of the storage device 100. FIG. 2 illustrates 

the WPn terminal 2e as an input terminal. 

[0023] The control chip 20 has an input buffer 21, a transfer 

switch 22, and a logic control circuit 23. The memory chip 10-1 has 

a transfer switch 12-1 and a logic control circuit 13-1. The memory 

chip 10-2 has a transfer switch 12-2 and a logic control circuit 13-2. 

[0024] The input buffer 21 in the control chip 20 is electrically 

connected to. the WPn terminal 2e. The input buffer 21 is common to 

the control chip 20 and multiple memory chips 10-1, 10-2. 

[0025] For example, the input buffer 21 has an input node 21a, 

an output node 21b, and a control node 21c. The input node 21a is 

connected to the WPn terminal 2e via a line L2, a line LI, a TSV 5, 

a bump 4, and a land 3. Thus, the input buffer 21 can receive the 

write protect signal WPn inputted to the WPn terminal 2e. 

[0026] The output node 21b is connected to the logic control 

circuit 23 via lines L3 and L4 . Thus, the input buffer 21 can supply 

the write protect signal WPn to the logic control circuit 23. 

[0027] Further, the output node 21b is connected to the logic 

control circuit 13-1 via lines L3, L5, a bump 6, and lines L7, L6. 

Thus, the input buffer 21 can supply the write protect signal WPn 

to the logic control circuit 13-1 in the memory chip 10-1. 

[0028] Yet further, the output node-21b is connected to the logic 

control circuit 13-2 via the lines L3, L5, the bump 6, the line L7, 

a TSV 7, a bump 8, and lines L9, L8. Thus, the input buffer 21 can 

supply the write protect signal WPn to the logic control circuit 13-2 
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in the•memory chip 10-2. 

[0029] The control node 21c is connected to the logic control 

circuit 23 in the control chip 20. The input buffer 21 goes into an 

operable state when receiving the enable signal (j)E of the active level 

from the logic control circuit 23 at the control node 21c. The input 

buffer 21 goes into a stopped state when receiving the enable signal 

<j)E of the non-active level from the logic control circuit 23 at the 

control node 21c. 

[0030] The transfer switch 22 in the control chip 20 is 

electrically connected to the WPn terminal 2e. For example, the 

transfer switch 22 has a first node 22a, a second node 22b, and a 

control node 22c. 

[0031] The first node 22a is connected to the WPn terminal 2e 

via lines L22, L21, LI, the TSV 5, the bump 4, and the land 3. Thus, 

the transfer switch 22 can output a result of monitoring the inside 

of the chip (an internal voltage monitored value) to the outside via 

the WPn terminal 2e. Or the transfer switch 22 can receive the 

for-test signal (a for-test internal voltage) inputted to the WPn 

terminal 2e. 

[0032] The second node 22b is electrically connected to an 

internal circuit (internal voltage related circuit) via a line L23. 

The internal circuit has, for example, a selector 24, internal voltage 

generating circuits 25a to 25c, and processing circuits 26a to 26c. 

The internal voltage generating circuits 25a to 25c generate internal 

voltages of mutually different levels to supply to the processing 

circuits 26a to 26c. The processing circuits 26a to 26c perform 

predetermined processing using the supplied internal voltages under 

the control of the logic control circuit 23. The selector 24 selects 

one of the outputs of the internal voltage generating circuits 25a 

to 25c according to a select signal <t>S supplied from the logic control 

circuit 23 to supply to the second node 22b via the line L23. Or the 

selector 24 supplies the internal voltage supplied via the second 

node 22b to one of the processing circuits 26a to 26c according to 

the select signal c|)S supplied from the logic control circuit 23. 
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[0033] The control node 22c is connected to the logic control 

circuit 23 in the control chip 20. When receiving a transfer signal 

<|>TX of the active level from the logic control circuit 23 at the control 

node 22c, the transfer switch 22 turns on to make the line L22 and 

line L23 communicate. When receiving the transfer signal <j>TX of the 

non-active level from the logic control circuit 23 at the control 

node 22c, the transfer switch 22 turns off to make the line L22 and 

line L23 electrically cut off. 

[0034] The transfer switch 12-1 in the memory chip 10-1 is 

electrically connected to the WPn terminal 2e. For example, the 

transfer switch 12-1 has a first node 12al, a second node 12bl, and 

a control node 12cl. 

[0035] The first node 12al is connected to the WPn terminal 2e 

via lines L25, L24, a bump 6, the lines L21, LI, the TSV 5, the bump 

4, and the land 3. Thus, the transfer switch 12-1 can output a result 

of monitoring the inside of the chip (an internal voltage monitored 

value) to the outside via the WPn terminal 2e. Or the transfer switch 

12-1 can receive the for-test signal (a for-test internal voltage) 

inputted to the WPn terminal 2e. 

[0036] The second node 12bl is electrically connected to an 

internal circuit (internal voltage related circuit) via a line L26. 

The internal circuit has, for example, a selector 14, internal voltage 

generating circuits 15a to 15c, a memory cell array 16, a control 

circuit 17, a read circuit 18, and a data cache 19. The internal 

voltage generating circuits 15a to 15c generate internal voltages 

of mutually different levels to supply to the memory cell array 16, 

the control circuit 17, and the read circuit 18 respectively. In the 

memory cell array 16, multiple memory cells are arranged. The 

internal voltages of mutually different levels include, for example, 

internal voltages required for writing data into memory cells, reading 

data frommemory cells, and erasing data in memory cells . The selector 

14 selects one of the outputs of the internal voltage generating 

circuits 15a to 15c according to a select signal <j)S supplied from the 

logic control circuit 13-1 to supply to the second node 12bl via the 



line L26. Or the selector 14 supplies the internal voltage supplied 

via the second node 12bl to one of the memory cell array 16, the control 

circuit 17, and the read circuit 18 according to the select signal 

<j)S supplied from the logic control circuit 13-1. 

[0037] The control node 12cl is connected to the logic control 

circuit 13-1 in the memory chip 10-1. When receiving a transfer signal 

<|>TX of the active level from the logic control circuit 13-1 at the 

control node 12cl, the transfer switch 12-1 turns on to make the line 

L25 and line L2 6 communicate. When receiving the transfer signal <j)TX 

of the non-active level from the logic control circuit 13-1 at the 

control node 12cl, the transfer switch 12-1 turns off to make the 

line L25 and line L26 electrically cut off. 

[0038] The transfer switch 12-2 in the memory chip 10-2 is 

electrically connected to the WPn terminal 2e. For example, the 

transfer switch 12-2 has a first node 12a2, a second node 12b2, and 

a control node 12c2. 

[0039] The first node 12a2 is connected to the WPn terminal 2e 

via lines L2 8, L27, a bump 8, a TSV 7, the line L2 4, the bump 6, the 

lines L21, LI, the-TSV'5, the bump 4, and the land 3 . Thus, the transfer 

switch 12-2 can output a result of monitoring the inside of the chip 

(an internal voltage monitored value) to the outside via the WPn 

terminal 2e. Or the transfer switch 12-2 can receive the for-test 

signal (a for-test internal voltage) inputted to the WPn terminal 

2e. 

[0040] The second node 12b2 is electrically connected to an 

internal circuit (internal voltage related circuit) via a line L29. 

The internal circuit has, for example, a selector 14, internal voltage 

generating circuits 15a to 15c, a memory cell array 16, a control 

circuit 17, a read circuit 18, and a data cache 19. The internal 

voltage generating circuits 15a to 15c generate internal voltages 

of mutually different levels to supply to the memory cell array 16, 

the control circuit 17, and the read circuit 18 respectively. In the 

memory cell array 16, multiple memory cells are arranged. The 

internal voltages of mutually different levels include, for example, 
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internal voltages required for writing data into memory cells, reading 

data from memory cells, and erasing data in memory cells . The selector 

14 selects one of the outputs of the internal voltage generating 

circuits,15a to 15c according to a select signal <|>S supplied from the 

logic control circuit 13-2 to supply to the second node 12b2 via the 

line L29. Or the selector 14 supplies the internal voltage supplied 

via the second node 12b2 to one of the memory cell array 16, the control 

circuit.17, and the read circuit 18 according to the select signal 

<|>S supplied from the logic control circuit 13-2. 

[0041] The control- node 12c2 is connected to the logic control 

circuit 13-2 in the memory chip 10-2 . When receiving a transfer signal 

<()TX of the active level from the logic control circuit 13-2 at the 

control node 12c2, the transfer switch 12-2 turns on to make the line 

L28 and line L29 communicate. When receiving the transfer signal <j>TX 

of the non-active level from the logic control circuit 13-2 at the 

control node 12c2, the transfer switch 12-2 turns off to make the 

line L28 and line L29 electrically cut off. 

[0042] That is, in the storage device 100, transmission paths 

TP1 and TP2 are provided between the WPn terminal 2e and the multiple 

memory chips 10-1, 10-2. The transmission path TP1 is one which goes 

through the input buffer 21. The transmission path TP2 is one which 

does not go through the input buffer 21. The transmission path TP1 

includes the lines LI, L2, the input buffer 21, the lines L3 to L5, 

the bump 6, the lines L6, L7, the TSV 7, the bump 8, the lines L8, 

L9, and the TSV 9. The transmission path TP2 includes the lines LI, 

L21, L22, the transfer switch 22, the line L23, the bump 6, the lines 

L24, L25, the transfer switch 12-1, the line L26, the TSV 7, the bump 

8, the lines L27, L28, the transfer switch 12-2, the line L29, and 

the TSV 9. 

[0043] The storage device 100 has a normal operation mode and 

a test mode and, in the normal operation mode, uses the WPn terminal 

2e as an external input terminal for the write protect signal WPn 

and, in the test mode, uses the WPn terminal 2e as a for-test terminal. 

That is, the storage device 100 uses the WPn terminal 2e as both the 
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external input terminal and for-test terminal. 

[0044] The normal operation mode includes a mode where the write 

protect signal WPn is supplied through the transmission path TP1 from 

the WPn terminal 2e to the logic control circuit of each of the control 

chip 20 and multiple memory chips 10-1, 10-2. The test mode includes 

a mode where the operation of each of the control chip 20 and multiple 

memory chips 10-1, 10-2 is checked using the transmission path TP2 . 

[0045] For example, in the normal operation mode (first mode), 

the logic control circuit 23 of the control chip 20 enables the input 

buffer 21 so as to activate the transmission path TP1. For example, 

the logic control circuit 23, in the normal operation mode, supplies 

the enable signal <|>E of the active level to the control node 21c of 

the input buffer 21. At this time, the logic control circuits 23, 

13-1, 13-2 maintain respectively the transfer switches 22, 12-1, 12-2 

in the off state to maintain the transmission path TP2 in a deactivated 

state. For example, the logic control circuits 23, 13-1, 13-2 

maintain the transfer signals <j>TX supplied to the control nodes 22c, 

12cl, 12c2 of the transfer switches 22, 12-1, 12-2 at the non-active 

level. 

[0046] The logic control circuit 23 of the control chip 20, in 

the test mode (second mode), disables the input buffer 21 so as to 

activate the transmission path TP2 . For example, the logic control 

circuits 23, 13-1, 13-2, in the test mode, supply the transfer signals 

<j)TX of the active level to the control nodes 22c, 12cl, 12c2 of the 

transfer switches 22, 12-1, 12-2. At this time, the logic control 

circuit 23 selects a chip to be tested from among the control chip 

20 and multiple memory chips 10-1, 10-2 and supplies a chip address 

selection signal of the active level to the logic control circuit 

of the selected chip. If the chip address selection signal of the 

control chip 20 is at the active level, the logic control circuits 

23 supplies the transfer signal <j)TX of the active level to the transfer 

switch 22. If the chip address selection signal of the memory chip 

10-1 is at the active level, the logic control circuits 13-1 supplies 

the transfer signal <|>TX of the active level to the transfer switch 
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12-1. If the chip address selection signal of the memory chip 10-2 

is at the active level, the logic control circuits 13-2 supplies the 

transfer signal <j>TX of the active level to the transfer switch 12-2. 

Thus, the transfer switch 22, 12-1, 12-2 of the chip selected by the 

chip address selection signal is turned on. That is, the chip selected 

by the chip address selection signal (the control chip 20 or the memory 

chip 10-1, 0-2) can output a result of monitoring the inside of the 

chip (an internal voltage monitored value) to the outside via the 

WPn terminal 2e. Or the chip selected by the chip address selection 

signal (the control chip 20 or the memory chip 10-1, 10-2) can receive 

the for-test signal (a for-test internal voltage) inputted to the 

WPn terminal 2e. 

[0047] At this time, the logic control circuit 23 maintains the 

input buffer 21 in a disabled state to maintain the transmission path 

TP1 in a deactivated state. For example, the logic control circuit 

23 maintains the enable signal <j>E supplied to the control node 21c 

of the input buffer 21 at the non-active level. 

[0048] The transfer signal <(>TX supplied to the transfer switch 

22, 12-1, 12-2 and the enable signal <j)E supplied to the input buffer 

21 are at the active level during respective periods which do not 

overlap. Thus, the logic control circuit 23 of the control chip 20 

can activate the transmission paths TP1 and TP2 during respective 

periods which do not overlap. 

[0049] As described above, in the first embodiment, in the 

storage device 100, the input buffer 21 common to the control chip 

20 and multiple memory chips 10-1, 10-2 is placed in the control chip 

20. Thus, the number of elements to be mounted in each memory chip 

10-1, 10-2 can be reduced, so that the chip area of each memory chip 

10-1, 10-2 can be reduced. As a result, the package of the storage 

device 100 (see FIG. 1) can be easily made smaller, so that the cost 

of the storage device 100 can be reduced. Further, as compared with 

the case where the input buffer is provided in each of the control 

chip 20 and multiple memory chips 10-1, 10-2 (see FIG. 11) , the number 

of input buffers connected to the external terminal 2 (an input 
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terminal) can be decreased. As a result, the capacitance in view from 

the external terminal 2 can be made smaller, so that the consumption 

current due to charging/discharging that capacitance when a signal 

is inputted can be reduced. 

[0050] Further, in the first embodiment, in the storage device 

100, the transmission path TP1 going through the input buffer 21 and 

the transmission path TP2 not going through the input buffer 21 are 

provided between the external terminal 2 and the multiple memory chips 

10-1, 10-2. The control chip 20, in the normal operation mode, enables 

the input buffer 21 so as to activate the transmission path TP1 and, 

in the test mode, disables the input buffer 21 so as to activate the 

transmission path TP2 . Thus,- also in the case where the input buffer 

21 is made common to the control chip 20 and multiple memory chips 

10-1, 10-2, the external terminal 2 (the WPn terminal 2e) can be used 

as both an external input terminal and for-test terminal. Therefore, 

the need for adding a for-test terminal to the storage device 100 

is reduced, so that an increase in the number of terminals of the 

storage device 100 can be suppressed and that an increase in the cost 

of the storage device 100 can be suppressed. 

[0051] It should be noted that, although FIG. 2 illustrates the 

input buffer 21 to receive the write protect signal WPn, the concept 

of the first embodiment can be applied to input buffers to receive 

other control signals likewise. 

[0052] For example, as shown in FIG. 2, an input buffer 27a to 

receive the chip enable signal CEn from the CEn terminal 2a, which 

buffer is made common to the control chip 20 and multiple memory chips 

10, can be placed in the control chip 20. Further, if the CEn terminal 

2a is used as both an external input terminal and for-test terminal, 

a configuration corresponding to the transmission path TP2 can be 

additionally connected to the input side of the input buffer 27a. 

[0053] Or, for example, an input buffer 27b to receive a command 

latch enable signal CLE from the CLE terminal 2b, which buffer is 

made common to the control chip 20 and multiple memory chips 10, can 

be placed in the control chip 20. Further, if the CLE terminal 2b 
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is used as both an external input terminal and for-test terminal, 

a configuration corresponding to the transmission path TP2 can be 

additionally connected to the input side of the input buffer 27b. 

[0054] Or, for example, an input buffer 27c to receive an address 

latch enable signal ALE from the ALE terminal 2c, which buffer is 

made common to the control chip 20 and multiple memory chips 10, can 

be. placed in the control chip 20. Further, if the ALE terminal 2c 

is used as both an external input terminal and for-test terminal, 

a configuration corresponding to the transmission path TP2 can be 

additionally connected to the input side of the input buffer 27c. 

[0055] Further, the concept of the first embodiment can be 

applied to an I/O terminal 2d as well. For example, a pair of an input 

buffer 27d and an output buffer 28d to transfer I/O signals to/from 

the I/O terminal 2d, which pair is made common to the control chip 

20 and multiple memory chips 10, can be placed in the control chip 

20. The input buffer 27d and output buffer 28d are connected in 

parallel between the I/O terminal 2d and an I/O line L31. 

[0056] Yet further, in the test mode, the storage device 100 may 

check the threshold voltages of memory cells in each memory chip 10-1, 

10-2. For example, each of the control chip 20 and multiple memory 

chips 10-1, 10-2 receives the chip enable signal CEn of the active 

level via the CEn terminal 2a to set all the functions of the chip 

to be valid. Each memory chip 10-1, 10-2 receives the command latch 

enable signal CLE of the active level via the CLE terminal 2b to enable 

the chip to accept commands. Each memory chip 10-1, 10-2 receives 

the address latch enable signal ALE of the active level via the ALE 

terminal 2c to enable the chip to accept addresses. Each memory chip 

10-1, 10-2 receives via the I/O terminal 2d a command and address 

to check the threshold voltages of memory cells and selects memory 

cells in the memory cell array 16 according to the command and address. 

The control chip 20 activates the transmission path TP2 when in the 

test mode. While in this state, a write voltage to be applied to memory 

cells is applied to the selected memory cells through the transfer 

switch 12-1, 12-2 via the WPn terminal 2e. Then data written into 
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the selected memory cells is read to the outside via the I/O terminal 

2d. Thus, the threshold voltages of memory cells can be checked. 

[0057] Or a storage device lOOi may have a configuration in which 

the plan size of the control chip 20i is smaller than that of the 

memory chip 10-1 with the TSVs 5 (see FIG. 1) being omitted as shown 

in FIG. 3. FIG. 3 is a cross-sectional.view showing the configuration 

of the storage device lOOi. In this case, for example, the external 

terminals 2 are connected with elements in the control chip 20i via 

lands 3, bumps 4i, multi-layer lines 21, and bumps 6. The bump 4i 

has a height corresponding to that of the bump 6 plus the thickness 

of the control chip 20i and electrically connects a land 3 and a 

multi-layer line 21. For example, a line LI in the control chip 20i 

may be connected to the WPn terminal 2e via a bump 6, a line Lll, 

a bump 4i, and a land 3 as shown in FIG. 4. FIG. 4 is a circuit diagram 

showing the input terminal related configuration of the storage device 

lOOi. Also in this case, the number of elements to be mounted in each 

memory chip 10-1, 10-2 can be reduced, so that the chip area of each 

memory chip 10-1, 10-2 can be reduced. Further, as compared with the 

case where the input buffer is provided in each of the control chip 

20i and multiple memory chips 10-1, 10-2 (see FIG. 11), the number 

of input buffers connected to the external terminal 2 (an input 

terminal) can be decreased. 

[0058] (Second Embodiment) 

Next, a storage device 200 according to the second embodiment 

will be described. A description will be made below focusing on parts 

in which it is different from the first embodiment. 

[0059] Although in the first embodiment an equal number of 

switches to the number of chips are connected to the WPn terminal 

2e, in the second embodiment a tactic to reduce the number of switches 

connected to the WPn terminal 2e is implemented. 

[0060] FIG. 5 is a circuit diagram showing the configuration of 

the storage device 200 . The memory chip 210-2 further has a connection 

switch 211-2. 

[0061] A connection switch 211-1 in the memory chip 210-1 is 
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electrically connected between the WPn terminal 2e and the transfer 

switches 12-1, 12-2 of the memory chips 210-1, 210-2. 

[0062] For example, the connection switch 211-1 has a first node 

211al, a second node 211bl, and a control node 211cl. 

[0063] The first node 211al is connected to the WPn terminal 2e 

via a line L224, a bump 6, lines L221, LI, a TSV 5, a bump 4, and 

a land 3. Thus, the connection switch 211-1 can output a monitoring 

result (an internal voltage monitored value) transferred via the 

transfer switch 12-1, 12-2 to the outside via the WPn terminal 2e. 

Or the connection switch 211-1 can transfer the for-test signal (a 

for-test internal voltage), inputted to the WPn terminal 2e, to the 

transfer switch 12-1, 12-2. 

[0064] The second node 211bl is connected to the transfer switch 

12-1 via lines L226, L25. Thus, the connection switch 211-1 can 

receive a monitoring result (an internal voltage monitored value) 

transferred via the transfer switch 12-1. Or the connection switch 

211-1 can transfer the for-test signal (a for-test internal voltage) , 

inputted to the WPn terminal 2e, to the transfer switch 12-1. 

[0065] The second node 211bl is connected to the transfer switch 

12-2 via lines L226, L24, a TSV 7, a bump 8, and lines L27, L28. Thus, 

the connection switch 211-1 can receive a monitoring result (an 

internal voltage monitored value) transferred via the transfer switch 

12-2. Or the connection switch 211-1 can transfer the for-test signal 

(a for-test internal voltage), inputted to the WPn terminal 2e, to 

the transfer switch 12-2. 

[0066] The control node 211cl is connected to the logic control 

circuit 13-1 in the memory chip 210-1. When receiving a connection 

signal (j)CN of the active level from the logic control circuit 13-1 

at the control node 211cl, the connection switch 211-1 turns on to 

make the line L224 and line L226 communicate. That is, the connection 

switch 211-1 makes the WPn terminal 2e and the transfer switches 12-1, 

12-2 communicate. When receiving the connection signal <j)CN of the 

non-active level from the logic control circuit 13-1 at the control 

node 211cl, the connection switch 211-1 turns off to make the line 
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L224 and line L226 electrically cut off. That is, the connection 

switch 211-1 makes the WPn terminal 2e and the transfer switches 12-1, 

12-2 electrically cut off. 

[0067] With its one end floating, the connection switch 211-2 

in the memory chip 210-2 is not used in signal transmission, but is 

provided corresponding to the connection switch 211-1 in the memory 

chip 210-1. Thus, the same configuration can be used for the memory 

chips 210-1, 210-2, so that the production cost of the memory chips 

210-1, 210-2 can be reduced. 

[0068] For example, the connection switch 211-2 has a first node 

211a2, a second node 211b2, and a control node 211c2. The first node 

211a2 is connected to a line L227 to be floating. The second node 

211b2 is connected to the transfer switch 12-2 via lines L229, L28. 

Further, the second node 211b2 is connected to the transfer switch 

12-1 via the lines L229, L27, the bump 8, the TSV 7, and the lines 

L24, L25. The control node 211c2 is connected to the logic control 

circuit 13-2 in the memory chip 210-2. 

[0069] In the control chip 220, the wiring is changed to 

correspond to the connection switch 211-1 of the memory chip 210-1 

that is the lowest of the memory chips 210-1, 210-2. That is, in the 

control chip 220, the line L221 is provided instead of the line L21 

(see FIG. 2) . The line L221 is connected to the bump 6 connected to 

the line L224 instead of a bump 6 connected to the line L24 (see FIG. 

2) . 

[0070] In the storage device 200, the transmission path TP202 

not going through the input buffer 21 includes the line L221 instead 

of the line L21 (see FIG. 2) and further includes the line L224, the 

connection switch 211-1, and the line L226. 

[0071] The logic control circuit 23 of the control chip 220, in 

the test mode (second mode), disables the input buffer 21 so as to 

activate the transmission path TP202 . For example, the logic control 

circuit 13-1 of the memory chip 210-1, in the test mode, supplies 

the connection signal cj)CN of the active level to the control node 211cl 

of the connection switch 211-1. Further, the logic control circuit 
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23, 13-1, 13-2 of the chip selected by the chip address selection 

signal, in the test mode, supplies the transfer signal <|)TX of the active 

level to the control node 22c, 12cl, 12c2 of the transfer switch 22, 

12-1, 12-2. Thus, the transfer switch 22, 12-1, 12-2 of the chip 

selected by the chip address selection signal is turned on. That is, 

the chip selected by the chip address selection signal (the control 

chip 220 or the memory chip 210-1, 210-2) can output a result of 

monitoring the inside of the chip (an internal voltage monitored 

value) to the outside via the WPn terminal 2e. Or the chip selected 

by the chip address selection signal (the control chip 220 or the 

memory chip 210-1, 210-2) can receive the for-test signal (a for-test 

internal voltage) inputted to the WPn terminal 2e. 

[0072] As described above, in the second embodiment, in the 

storage device 200, the connection switch 211-1 is electrically 

connected between the WPn terminal 2e and the transfer switches 12-1, 

12-2 of the memory chips 210-1, 210-2. Thus, the number of switches 

electrically connected to the WPn terminal 2e can be reduced to two, 

referring to the transfer switch 22 and the connection switch 211-1. 

That is, the number of switches connected to the external terminal 

2 (an input terminal) can be reduced as compared with the first 

embodiment. As a result, the capacitance in view from the external 

terminal 2 can be made further smaller, so that the consumption current 

due to charging/discharging that capacitance when a signal is inputted 

can be further reduced. 

[0073] Further, in the second embodiment, in the storage device 

200, the connection switch 211-1 is provided on the transmission path 

TP202 and electrically connects the external terminal 2 (an input 

terminal) to the transfer switches 12-1, 12-2. The logic control 

circuit 13-1, in the normal operation mode, maintains at least the 

connection switch 211-1 in the off state. Thus, in the normal 

operation mode, the transmission path TP202 can be deactivated. The 

logic control circuit 13-1, in the test mode, turns on the connection 

switch 211-1, and the logic control circuits 23, 13-1, 13-2, in the 

test mode, turn on the transfer switches 22, 12-1, 12-2. Thus, where 
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the number of switches electrically connected to the WPn terminal 

2e is reduced, the operation necessary in the test mode can be 

performed. 

[0074] (Third Embodiment) 

Next, a storage device 300 according to the third embodiment 

will be described. A description will be made below focusing on parts 

in which it is different from the second embodiment. 

[0075] While in the second embodiment a tactic to reduce the 

number of switches connected to the WPn terminal 2e is implemented, 

in the third embodiment a tactic to further reduce the number of 

switches connected to the WPn terminal 2e is implemented. 

[0076] Specifically, in the storage device 300, as shown in FIG. 

6, the control chip 320 has a transfer switch 322 instead of the 

transfer switch 22 (see FIG. 5) . FIG. 6 is a circuit diagram showing 

the configuration of the storage device 300. The transfer switch 322 

is electrically connected between the connection switch 211-1 and 

an internal circuit (e.g., the selector 24) of the control chip 320. 

Accordingly, instead of the line L22 (see FIG. 5) a line L322 is 

provided in the control chip 320. The line L322 is connected to the 

bump 6 connected to the line L24. 

[0077] For example, the transfer switch 322 has a first node 322a, 

a second node 322b, and a control node 322c. 

[0078] The first node 322a is connected to the connection switch 

211-1 via the line L322, a bump 6, and lines L24, L226. Thus, the 

transfer switch 322 can output a result of monitoring the inside of 

the chip (an internal voltage monitored value) to the outside via 

the WPn terminal 2e. Or the transfer switch 322 can receive the 

for-test signal (a for-test internal voltage) inputted to the WPn 

terminal 2e via the connection switch 211-1. 

[0079] The second node 322b is electrically connected to an 

internal circuit (internal voltage related circuit) via a line L23. 

[0080] The control node 322c is connected to the logic control 

circuit 23 in the control chip 320. When receiving a transfer signal 

<j)TX of the active level from the logic control circuit 23 at the control 
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node 322c, the transfer switch 322 turns on to make the line L322 

and line L23 communicate. When receiving the transfer signal <(>TX of 

the non-active level from the logic control circuit 23 at the control 

node 322c, the transfer switch 322 turns off to make the line L322 

and line L23 electrically cut off. 

[0081] In the storage device 300, the transmission path TP302 

not going through the input buffer 21 includes the line L322 and the 

transfer switch 322 instead of the line L22 and the transfer switch 

22 (see FIG. 5} . 

[0082] The logic control circuit 23 of the control chip 320, in 

the test mode (second mode), disables the input buffer 21 so as to 

activate the transmission path TP302 . For example, the logic control 

circuit 13-1 of the memory chip 210-1, in the test mode, supplies 

the connection signal (j>CN of the active level to the control node 211cl 

of the connection switch 211-1. Further, the logic control circuit 

23, 13-1, 13-2 of the chip selected by the chip address selection 

signal, in the test mode, supplies the transfer signal (j>TX of the active 

level to the control node 322c, 12cl, 12c2 of the transfer switch 

322, 12-1, 12-2. Thus, the transfer switch 22, 12-1, 12-2 of the chip 

selected by the chip address selection signal is turned on. That is, 

the chip selected by the chip address selection signal (the control 

chip 320 or the memory chip 210-1, 210-2) can output a result of 

monitoring the inside of the chip (an internal voltage monitored 

value) to the outside via the WPn terminal 2e. Or the chip selected 

by the chip address selection signal (the control chip 320 or the 

memory chip 210-1, 210-2) can receive the for-test signal (a for-test 

internal voltage) inputted to the WPn terminal 2e. 

[0083] As described above, in the third embodiment, in the 

storage device 300, the transfer switch 322 of the control chip 320 

is electrically connected between the connection switch 211-1 and 

an internal circuit of the control chip 320. Thus, the number of 

switches electrically connected to the WPn terminal 2e can be reduced 

to one, referring to the connection switch 211-1. That is, the number 

of switches connected to the external terminal 2 (an input terminal) 
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can be reduced as compared with the second embodiment. As a result, 

the capacitance in view from the external terminal 2 can be made 

further smaller, so that the consumption current due to 

charging/discharging that capacitance when a control signal is 

inputted can be further reduced. 

[0084] (Fourth Embodiment) 

Next, a storage device 400 according to the fourth embodiment 

will be described. A description will be made below focusing on parts 

in which it is different from the second embodiment. 

[0085] While in the second embodiment a tactic to reduce the 

number of switches connected to the WPn terminal 2e is implemented, 

in the fourth embodiment a tactic to further reduce the number of 

switches connected to the WPn terminal 2e is implemented. 

[0086] Specifically, in the storage device 400, as shown in FIG. 

7, the control chip 420 has a transfer switch 422 instead of the 

transfer switch 22 (see FIG. 5) . FIG. 7 is a circuit diagram showing 

the configuration of the storage device 400. The memory chip 410-1 

further has a transfer switch 412-1. The memory chip 410-2 further 

has a transfer switch 412-2. 

[0087] The transfer switch 422 in the control chip 420 is 

electrically connected between the transfer switch 412-1 and an 

internal circuit (e.g., the selector 24) of the control chip 420. 

Accordingly, instead of the line L22 (see FIG. 5), a line L422 is 

provided in the control chip 420. The line L422 is connected to the 

bump 6 connected to a line L426. 

[0088] For example, the transfer switch 422 has a first node 422a, 

a second node 422b, and a control node 422c. 

[0089] The first node 422a is connected to the connection switch 

211-1 via the line L422, a bump 6, the line L426, a transfer switch 

412-1, and lines L425, L24, L226. The second node 422b is electrically 

connected to an internal circuit (internal voltage related circuit) 

via a line L23. Thus, the transfer switch 422 can output a result 

of monitoring the inside of the chip (an internal voltage monitored 

value) through the transfer switch 412-1 and the connection switch 
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211-1 via the WPn terminal 2e to the outside. Or the transfer switch 

422 can receive the for-test signal (a for-test internal voltage) 

inputted to the WPn terminal 2e via the connection switch 211-1 and 

the transfer switch 412-1. 

[0090] The control node 422c is connected to the logic control 

circuit 23 in the control chip 420. When receiving a transfer signal 

<j)TX of the active level from the logic control circuit 23 at the control 

node 422c, the transfer switch 422 turns on to make the line L422 

and line L23 communicate. When receiving the transfer signal <|>TX of 

the non-active level from the logic control circuit 23 at the control 

node 422c, the transfer switch 422 turns off to make the line L422 

and line L23 electrically cut off. 

[0091] The transfer switch 412-1 in the memory chip 410-1 is 

electrically connected between the connection switch 211-1 and the 

transfer switch 422. For example, the transfer switch 412-1 has a 

first node 412al, a second node 412bl, and a control node 412cl. 

[0092] The first node 412al is connected to the connection switch 

211-1 via the lines L426, L24, L226. The second node 412bl is 

electrically connected to the transfer switch 422 via the line L426, 

the bump 6, and the L422. Thus, the transfer switch 412-1 can output 

a monitoring result (an internal voltage monitored value) transferred 

via the transfer switch 422 to the outside through the connection 

switch 211-1 via the WPn terminal 2e. Or the transfer switch 412-1 

can transfer the for-test signal (a for-test internal voltage), 

inputted to the WPn terminal 2e and received by the connection switch 

211-1, to the transfer switch 422. 

[0093] The control node 412cl is connected to the logic control 

circuit 13-1 in the control chip 410-1. When receiving a transfer 

signal <j>TX2 of the active level from the logic control circuit 13-1 

at the control node 412cl, the transfer switch 412-1 turns on to make 

the line L425 and line L426 communicate. When receiving the transfer 

signal <|>TX2 of the non-active level from the logic control circuit 

13-1 at the control node 412cl, the transfer switch 412-1 turns off 

to make the line L425 and line L426 electrically cut off. 
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[0094] With its one end floating, the transfer switch 412-2 in 

the memory chip 410-2 is not used in signal transmission, but is 

provided corresponding to the transfer switch 412-1 in the memory 

chip 410-1. That, it is provided so as to make the memory chips 410-1, 

410-2 have the same configuration to reduce the production cost. 

[0095] For example, the transfer switch 412-2 has a first node 

412a2, a second node 412b2, and a control node 412c2. The first node 

412a2 is connected to the connection switch 211-1 via lines L428, 

L27, a bump 8, a TSV 7, and the lines L24, L226. The second node 412b2 

is connected to the line L429 to be floating. The control node 412c2 

is connected to the logic control circuit 13-2 in the memory chip 

410-2. 

[0096] In the storage device 400, the transmission path TP402 

not going through the input buffer 21 includes the line L422 and the 

transfer switch 422 instead of the line L22 and the transfer switch 

22 (see FIG. 5) and further includes the line L425, the transfer switch 

412-1, and the line L426. 

[0097] The logic control circuit 23 of the control chip 420, in 

the test mode (second mode), disables the input buffer 21 so as to 

activate the transmission path TP402 . For example, the logic control 

circuit 13-1 of the memory chip 410-1, in the test mode, supplies 

the connection signal <j>CN of the active level to the control node 211cl 

of the connection switch 211-1. Further, the logic control circuit 

23, 13-1, 13-2 of the chip selected by the chip address selection 

signal, in the test mode, supplies the transfer signal <j>TX of the active 

level to the control node 422c, 12cl, 12c2 of the transfer switch 

422, 12-1, 12-2. The logic control circuit 13-1 supplies the transfer 

signal (j>TX2 of the active level to the transfer switch 412-1 during 

the time that the transfer signal <|)TX for the transfer switch 422 is 

at the active level. Thus, the transfer switch 422, 12-1, 12-2 of 

the chip selected by the chip address selection signal is turned on. 

That is, the chip selected by the chip address selection signal (the 

control chip 420 or the memory chip 410-1, 410-2) can output a result 

of monitoring the inside of the chip (an internal voltage monitored 
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value) to the outside via the WPn terminal 2e. Or the chip selected 

by the chip address selection signal (the control chip 420 or the 

memory chip 410-1, 410-2) can receive the for-test signal (a for-test 

internal voltage) inputted to the WPn terminal 2e. 

[0098] As described above, in the fourth embodiment, in the 

storage device 400, the transfer switch 422 of the control chip 420 

is electrically connected between the connection switch 211-1 and 

an internal circuit of the control chip 420 via the transfer switch 

412-1. Thus, the number of switches electrically connected to the 

WPn terminal 2e can be reduced to one, referring to the connection 

switch 211-1. That is, the number of switches connected to the 

external terminal 2 (an input terminal) can be reduced as compared 

with the second embodiment. As a result, the capacitance in view from 

the external terminal 2 can be made further smaller, so that the 

consumption current due to charging/discharging that capacitance when 

a control signal is inputted can be further reduced. 

[0099] The control chip 420 may have a configuration in which 

the transfer switch 422 is omitted with the line L422 and the line 

L23 being connected. Also in this case, the transfer switch 412-1 

is electrically connected between the connection switch 211-1 and 

an internal circuit of the control chip 420, and thus, the number 

of switches electrically connected to the WPn terminal 2e can be 

reduced to one, referring to the connection switch 211-1. 

[0100] (Fifth Embodiment) 

Next, a storage device 500 according to the fifth embodiment 

will be described. A description will be made below focusing on parts 

in which it is different from the first embodiment. 

[0101] Although in the first embodiment a tactic intended for 

an input terminal is implemented, in the fifth embodiment a tactic 

intended for an output terminal is implemented. 

[0102] In the storage device 500, each of multiple memory chips 

510 outputs an output signal through a control chip 520 via a common 

external terminal 2 (an output terminal) to the outside . For example, 

as shown in FIG. 8, each of multiple memory chips 510-1, 510-2 outputs 
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a ready/busy signal indicating the state of access to the memory cell 

array 16 through the control chip 520 via an RBn terminal 2f to the 

outside. FIG. 8 is a circuit diagram showing the configuration of 

the storage device 500. 

[0103] Consider the case where an output driver of each memory 

chip 910 in a storage device 900 is connected to an external terminal 

2 (an output terminal) . For example, as shown in FIG. 12, output 

drivers 941-1, 941-2, drive circuits 942-1, 942-2, and logic control 

circuits 913-1, 913-2 are provided in multiple memory chips 910-1, 

910-2 respectively. FIG. 12 is a diagram showing the output terminal 

related configuration of the storage device 900 in basic form. FIG. 

12 illustrates the RBn terminal 2f as an output terminal. 

[0104] The drive circuits 942-1, 942-2 include multiple 

inverters connected in series and are configured to transfer internal 

ready/busy signals RBi received from the logic control circuits 913-1, 

913-2 to the output drivers 941-1, 941-2. 

[0105] The output driver 941-1 is connected to the RBn terminal 

2f via a bump 6, a TSV 5, a bump 4, and a land 3. The output driver 

941-2 is connected to the RBn terminal 2f via a bump 8, a TSV 7, the 

bump 6, the TSV 5, the bump 4, and the land 3. In this configuration, 

an equal number of output drivers 941-1, 941-2 to the number of the 

memory chips 910-1, 910-2 are electrically connected to the RBn 

terminal 2f. That is, because the number of elements connected to 

the external terminal 2 is large, the capacitance in view from the 

external terminal 2 is large, so that the consumption current due 

to charging/discharging that capacitance when a signal is outputted 

may increase. 

[0106] Accordingly, in the fifth embodiment, in the storage 

device 500, instead of the respective output drivers of the multiple 

memory chips 510-1, 510-2, a common output driver is placed in the 

control chip 520 so as to achieve a reduction in the memory chip area 

and a decrease in power consumption. 

[0107] Specifically, the control chip 520 has a drive circuit 

532 and an output driver 531. The memory chip 510-1 has a drive circuit 



27 

542-1. The memory chip 510-2 has a drive circuit 542-2. Each of the 

multiple memory chips 510-1, 510-2 is configured to put together a 

signal transferred from the memory chip adjacent above and a signal 

transferred from the logic control circuit so as to transfer to the 

memory chip adjacent below. The output driver 531 outputs a 

ready/busy signal RBn according to the internal ready/busy signal 

RBi transferred from the memory chip 510-1 that is the lowest of the 

multiple memory chips 510-1, 510-2 to the RBn terminal 2f. 

[0108] The drive circuit 542-1 in the memory chip 510-1 is 

electrically connected to the output driver 531 via the drive circuit 

532 . Thus, the drive circuit 542-1 can output the internal ready/busy 

signal RBi received from the logic control circuit 13-1 to the RBn 

terminal 2f via the drive circuit 532 and the output driver 531. Note 

that a constant current source 543-2 is electrically connected between 

a node on a line L51, between the drive circuit 542-1 and a TSV 7, 

and a reference potential VSS (e.g. ground potential) . The line L51 

electrically connects the drive circuit 542-1 and the TSV 7. The 

constant current source 543-1 discharges the line L51 to render the 

potential on the line L51 low (L) (the reference potential VSS) when 

no signal exists on the line L51. 

[0109] The drive circuit 542-1 is electrically connected between 

the drive circuit 542-2 and the output driver 531 via the drive circuit 

532. Thus, the drive circuit 542-1 can output the internal ready/busy 

signal RBi received from the memory chip 510-2 to the RBn terminal 

2f via the drive circuit 532 and the output driver 531. 

[0110] For example, the drive circuit 542-1 has a NOR gate 542al 

and an odd number of stages of inverters 542bl to 542dl, which are 

connected in series . The NOR gate 542al carries out a NOT-OR operation 

on the internal ready/busy signal RBi received from the logic control 

circuit 13-1 and the internal ready/busy signal RBi received from 

the memory chip 510-2 to transfer the result to the inverter 542bl. 

Both the internal ready/busy signal RBi received from the logic 

control circuit 13-1 and the internal ready/busy signal RBi received 

from the memory chip 510-2 are an active high signal. Hence, the NOR 
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gate 542al functions as a gate to logically invert at least one 

internal ready/busy signal RBi that is active and to transfer. Each 

inverter 542bl to 542dl logically inverts the transferred internal 

ready/busy signal RBi to transfer to the subsequent stage. 

[0111] The drive circuit 542-2 in the memory chip 510-2 is 

electrically connected to the output driver 531 via the drive circuit 

542-1 and the drive circuit 532. Thus, the drive circuit 542-2 can 

output the internal ready/busy signal RBi received from the logic 

control circuit 13-2 to the RBn terminal 2f via the drive circuit 

542-1, the drive circuit 532, and the output driver 531. Note that 

a constant current source 543-2 is electrically connected between 

a node on a line L52, between the drive circuit 542-2 and a TSV 9, 

and the reference potential VSS (e.g. ground potential). The line 

L52 electrically connects the drive circuit 542-2 and the TSV 9. The 

constant current source 543-2 discharges the line L52 to render the 

potential on the line L52 low (L) (the reference potential VSS) when 

no signal exists on the line L52. 

[0112] For example, the drive circuit 542-2 has a NOR gate 542a2 

and an odd number of stages of inverters 542b2 to 542d2, which are 

connected in series. The NOR gate 542a2 equivalently functions as 

an inverter because one of its two inputs that is connected to the 

TSV 9 is connected to the line L52 that is set at the reference potential 

VSS by the constant current source 543-2 . The NOR gate 542a2 logically 

inverts the internal ready/busy signal RBi received from the logic 

control circuit 13-2 to transfer to the inverter 542b2. Each inverter 

542b2 to 542d2 logically inverts the transferred internal ready/busy 

signal RBi to transfer to the subsequent stage. 

[0113] The drive circuit 532 in the control chip 520 is 

electrically connected between the drive circuits 542-1, 542-2 of 

the memory chips 510-1, 510-2 and the output driver 531. Thus, the 

drive circuit 532 transfers the internal ready/busy signal RBi 

received from each memory chip 510-1, 510-2 to the output driver 531. 

[0114] For example, the drive circuit 532 includes an even number 

of stages of inverters 532a, 532b connected in series. The input 
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terminal of the first stage of the inverter 532a is connected to the 

drive circuit 542-1 of the memory chip 510-1 via the bump 6. The input 

terminal of the first stage of the inverter 532a is connected to the 

drive circuit 542-2 via the bump 6, the drive circuit 542-1, the TSV 

7, and the bump 8 . Thus, the drive circuit 532 can amplify and transfer 

the ready/busy signal received from each memory chip 510-1, 510-2 

to the output driver 531. 

[0115] The output driver 531 in the control chip 520 is 

electrically connected to the RBn terminal 2f via the TSV 5, the bump 

4, and the land 3. The output driver 531 is common to the multiple 

memory chips 510-1, 510-2. 

[0116] The output driver 531 is electrically connected between 

the drive circuits 542-1, 542-2 of the memory chips 510-1, 510-2 and 

the RBn terminal 2f via the drive circuit 532. Thus, the output driver 

531 outputs the ready/busy signal RBn according to the internal 

ready/busy signal RBi of the memory chip 510-1, 510-2 to the RBn 

terminal 2f. That is, the output driver 531 receives the internal 

ready/busy signal RBi and outputs the ready/busy signal RBn according 

to the internal ready/busy signal RBi. The internal ready/busy 

signal RBi is an active high signal and takes on a high (H) level 

when busy and the L level when ready. The ready/busy signal RBn is 

an active low signal and takes on the L level when busy and the H 

level when ready. The suffix "n" is the first letter of "negative" 

indicating being an active low signal. 

[0117] For example, the output driver 531 has an NMOS transistor 

531a. The NMOS transistor 531a has its source connected to ground 

potential, its drain connected to the RBn terminal 2f via the TSV 

5, the bump 4, and the land 3, and its gate connected to the drive 

circuit 532. 

[0118] As described above, in the fifth embodiment, in the 

storage device 500, the output driver 531 common to the multiple memory 

chips 510-1, 510-2 is placed in the control chip 520. Thus, the number 

of elements to be mounted in each memory chip 510-1, 510-2 can be 

reduced, so that the chip area of each memory chip 510-1, 510-2 can 
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be reduced. As a result, the package of the storage device 500 (see 

FIG. 1) can be easily made smaller, so that the cost of the storage 

device 500 can be reduced. Further, as compared with the case where 

the output driver of each memory chip 910 is connected to the external 

terminal 2 (an output terminal) (see FIG. 12), the number of output 

drivers connected to the external terminal 2 (an output terminal) 

can be decreased. As a result, the capacitance in view from the 

external terminal 2 can be made smaller, so that the consumption 

current due to charging/discharging that capacitance when a signal 

is outputted can be reduced. 

[0119] (Sixth Embodiment) 

Next, a storage device 600 according to the sixth embodiment 

will be described. A description will be made below focusing on parts 

in which it is different from the fifth embodiment. 

[0120] In the fifth embodiment, each memory chip 510-1, 510-2 

is configured to put together a signal transferred from the memory 

chip adjacent above and a signal transferred from the logic control 

circuit so as to transfer to the memory chip adjacent below. Thus, 

if the number of memory chips stacked with TSVs increases, the number 

of stages of logic gates to go through in the transfer of the ready/busy 

signal to an external terminal increases, so that the output to the 

external terminal may be delayed. 

[0121] Accordingly, in the sixth embodiment, a constant current 

source is placed in the control chip 620 so as to render the internal 

ready/busy signal RBi high (H) , and an output driver 641 to pull the 

signal line low (L) when the internal ready/busy signal RBi is high 

indicating being busy, is provided in each stacked memory chip. Thus, 

the number of stages of logic gates to go through in the signal transfer 

is reduced, so that the ready/busy signal can be transmitted to the 

external terminal at high speed. 

[0122] Specifically, in the storage device 600, the control chip 

620 has a drive circuit 632 instead of the drive circuit 532 (see 

FIG. 8) as shown in FIG. 9. FIG. 9 is a circuit diagram showing the 

configuration of the storage device 600. The memory chip 610-1 has 



31 

a drive circuit 642-1 instead of the drive circuit 542-1 (see FIG. 

8) and further has an output driver 641-1. The memory chip 610-2 has 

a drive circuit 642-2 instead of the drive circuit 542-2 (see FIG. 

8) and further has an output driver 641-2. Respective signal lines 

SL1, SL2 of the memory chips 610-1, 610-2 are connected to form a 

common signal line CSL. The signal line SL1 is connected to the signal 

line SL2 via a TSV 7 and a bump 8 . Note that a line between the bump 

6 and an inverter 632a may be called a signal line SLO and that the 

signal lines SLO, SL1, SL2 may be collectively called the common signal 

line CSL. The signal line SLO is connected to the signal line SL1 

via a bump 6. 

[0123] The drive circuit 642-1 in the memory chip 610-1 is 

electrically connected between the logic control circuit 13-1 and 

the output driver 641-1. Thus, the drive circuit 642-1 can transfer 

the internal ready/busy signal RBi received from the logic control 

circuit 13-1 to the output driver 641-1. 

[0124] For example, the drive circuit 642-1 does not have a NOR 

gate 542al (see FIG. 8) but has an even number of stages of inverters 

642al to 642dl connected in series. That is, the drive circuit 642-1 

is configured not to receive a signal from another memory chip (memory 

chip 610-2) but to receive the internal ready/busy signal RBi from 

the logic control circuit 13-1 to transfer to the output driver 641-1. 

[0125] The output driver 641-1 outputs the internal ready/busy 

signal RBj according to the internal ready/busy signal RBi onto the 

common signal line CSL. For example, the output driver 641-1 outputs 

the internal ready/busy signal RBj of the L level onto the common 

signal line CSL when the internal ready/busy signal RBi is at the 

H level (busy). The output driver 641-1 outputs the internal 

ready/busy signal RBj of the H level onto the common signal line CSL 

when the internal ready/busy signal RBi is at the L level (ready). 

The internal ready/busy signal RBj is an active low signal and is 

at the L level when busy and at the H level when ready. 

[0126] For example, the output driver 641-1 has an NMOS 

transistor 641al. The NMOS transistor 641al has its source connected 
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to ground potential, its drain connected to the common signal line 

CSL, and its gate connected to the drive circuit 642-1. 

[0127] The drive circuit 642-2 in the memory chip 610-2 is 

electrically connected between the logic control circuit 13-2 and 

the output driver 641-2. Thus, the drive circuit 642-2 can transfer 

the internal ready/busy signal RBi received from the logic control 

circuit 13-2 to the output driver 641-2. 

[0128] For example, the drive circuit 642-2 does not have a NOR 

gate 542a2 (see FIG. 8) but has an even number of stages of inverters 

642a2 to 642d2 connected in series. That is, the drive circuit 642-2 

is configured not to receive a signal from another memory chip but 

to receive the internal ready/busy signal RBi from the logic control 

circuit 13-2 to transfer to the output driver 641-2. 

[0129] The output driver 641-2 outputs the internal ready/busy 

signal RBj according to the internal ready/busy signal RBi onto the 

common signal line CSL. For example, the output driver 641-2 outputs 

the internal ready/busy signal RBj of the L level onto the common 

signal line CSL when the internal ready/busy signal RBi is at the 

H level. The output driver 641-2 outputs the internal ready/busy 

signal RBj of the H level onto the common signal line CSL when the 

internal ready/busy signal RBi is at the L level. The internal 

ready/busy signal RBj is an active low signal and is at the L level 

when busy and at the H level when ready. 

[0130] For example, the output driver 641-2 has an NMOS 

transistor 641a2. The NMOS transistor 641a2 has its source connected 
to ground potential, its drain connected to the common signal line 

CSL, and its gate connected to the drive circuit 642-2. 

[0131] The drive circuit 632 in the control chip 620 has an odd 

number of a stage of an inverter 632a instead of an even number of 

stages of the inverters 532a, 532b (see FIG. 8) and further has a 

constant current source 632c. The constant current source 632c is 

electrically connected between a power supply potential VDD and the 

common signal line CSL. When either of the output drivers 641-1, 641-2 

of the memory chips 610-1, 610-2 is on, the output driver being on, 
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pulls the potential on the common signal line CSL low. And when both 

the output drivers 641-1, 641-2 of the memory chips 610-1, 610-2 become 

off, the constant current source 632c charges the common signal line 

CSL to render the potential on the common signal line CSL high. Thus, 

when a transition occurs from the state where either output driver 

641-1, 641-2 is on to the state where all the output drivers 641-1, 

641-2 are off, the potential on the common signal line CSL can be 

rapidly pulled up from "L" to "H". That is, the internal ready/busy 

signal RBj can be transmitted to an odd number of a stage of the inverter 

632a via the common signal line CSL at high speed. An odd number of 

a stage of the inverter 632a generates an internal ready/busy signal 

RBk obtained by logically inverting the internal ready/busy signal 

RBj to transfer to the output driver 531. Hence, the output driver 

531 outputs the ready/busy signal RBn according to the internal 

ready/busy signal RBk to the RBn terminal 2f. 

[0132] As described above, in the sixth embodiment, in the 

storage device 600, each memory chip 610-1, 610-2 is configured such 

that a signal from the memory chip is outputted onto the common signal 

line CSL via the output driver 641-1, 641-2. Thus, because the signal 

from each memory chip can be transferred to the control chip 620 side 

via the common signal line CSL, the number of stages of logic gates 

to go through in the signal transfer can be reduced as compared with 

the fifth embodiment, so that the signal can be transmitted from each 

memory chip to the external terminal (output terminal) 2 at high speed. 

[0133] Further, in the sixth embodiment, in the storage device 

600, the drive circuit 632 of the control chip 620 includes the 

constant current source 632c electrically connected between the power 

supply potential VDD and the common signal line CSL. When the state 

where at least one of the output drivers 641-1, 641-2 of the memory 

chips 610-1, 610-2 is on is switched to the state where both are off, 

the constant current source 632c charges the common signal line CSL 

to render the potential on the common signal line CSL high. Thus, 

when a transition occurs from the state where either output driver 

641-1, 641-2 is on to the state where all the output drivers 641-1, 
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641-2 are off, the potential on the common signal line CSL can be 

rapidly pulled up from "L" to "H". Therefore, signal transmission 

via the common signal line CSL can be performed at high speed. 

[0134] (Seventh Embodiment) 

Next, a storage device 7 00 according to the seventh embodiment 

will be described. A description will be made below focusing on parts 

in which it is different from the sixth embodiment. 

[0135] In the sixth embodiment, the internal ready/busy signal 

RBj transmitted over the common signal line CSL is an active low signal 

and is at the L level when busy and at the H level when ready (on 

standby) . For example, if a leak path to the chip substrate exists 

at a node on the common signal line CSL because of a failure in the 

production process, a leak current may flow also when the chip is 

on standby. 

[0136] Accordingly, in the seventh embodiment, a constant 

current source is placed in the control chip 720 so as to render the 

nodes on the common signal line CSL low when on standby, and a PMOS 

transistor to render the common signal line CSL high when busy, is 

connected to each stacked memory chip. Thus, even if there is a leak 

path from a node on the common signal line CSL to the chip substrate, 

the leak current when on standby can be suppressed, so that the 

consumption current can be further reduced. 

[0137] Specifically, in the storage device 700, the control chip 

720 has a drive circuit 732 instead of the drive circuit 632 (see 

FIG. 9), as shown in FIG. 10. FIG. 10 is a circuit diagram showing 

the configuration of the storage device 700. The memory chip 710-1 

has a drive circuit 742-1 and an output driver 741-1 instead of the 

drive circuit 642-1 and the output driver 641-1 (see FIG. 9) . The 

memory chip 710-2 has a drive circuit 742-2 and an output driver 741-2 

instead of the drive circuit 642-2 and the output driver 641-2 (see 

FIG. 9). 

[0138] The drive circuit 742-1 in the memory chip 710-1 is 

electrically connected between the logic control circuit 13-1 and 

the output driver 741-1. Thus, the drive circuit 742-1 can generate 
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the internal ready/busy signal RBj according to the internal 

ready/busy signal RBi received from the logic control circuit 13-1 

to transfer to the output driver 741-1. 

[0139] For example, the drive circuit 742-1 has an odd number 

of stages of inverters 742al to 742cl connected in series instead 

of an even number of stages of inverters 642al to 642dl (see FIG. 

9) . That is, the drive circuit 742-1 is configured not to receive 

a signal from another memory chip (memory chip 710-2) but to receive 

the internal ready/busy signal RBi from the logic control circuit 

13-1. The drive circuit 742-1 logically inverts the internal 

ready/busy signal RBi to transfer the internal ready/busy signal RBj 

to the output driver 741-1. 

[0140] The output driver 741-1 outputs the internal ready/busy 

signal RBk according to the internal ready/busy signal RBj onto the 

common signal line CSL. For example, the output driver 741-1 outputs 

the internal ready/busy signal RBk of the H level onto the common 

signal line CSL when the internal ready/busy signal RBj is at the 

L level (busy). The output driver 741-1 outputs the internal 

ready/busy signal RBk of the L level onto the common signal line CSL 

when the internal ready/busy signal RBj is at the H level (ready). 
The internal ready/busy signal RBk is an active high signal and is 

at the H level when busy and at the L level when ready. 

[0141] For example, the output driver 7 41-1 has a PMOS transistor 

741al. The PMOS transistor 7 4'lal has its source connected to the power 

supply potential VDD, its drain connected to the common signal line 

CSL, and its gate connected to the drive circuit 742-1. 

[0142] The drive circuit 742-2 in the memory chip 710-2 is 

electrically connected between the logic control circuit 13-2 and 

the output driver 741-2. Thus, the drive circuit 742-2 can generate 

the internal ready/busy signal RBj according to the internal 

ready/busy signal RBi received from the logic control circuit 13-2 

to transfer to the output driver 741-2. 

[0143] For example, the drive circuit 742-2 has an odd number 

of stages of inverters 742a2 to 742c2 connected in series instead 
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of an even number of stages of inverters 642a2 to 642d2 (see FIG. 

9) . That is, the drive circuit 742-2 is configured not to receive 

a signal from another memory chip but to receive the internal 

ready/busy signal RBi from the logic control circuit 13-2. The drive 

circuit 742-2 logically inverts the internal ready/busy signal RBi 

to transfer the internal ready/busy signal RBj to the output driver 

741-2. 

[0144] The output driver 741-2 outputs the internal ready/busy 

signal RBk according to the internal ready/busy signal RBj onto the 

common signal line CSL. For example, the output driver 741-2 outputs 

the internal ready/busy signal RBk of the H level onto the common 

signal line CSL when the internal ready/busy signal RBj is at the 

L level (busy). The output driver 741-2 outputs the internal 

ready/busy signal RBk of the L level onto the common signal line CSL 

when the internal ready/busy signal RBj is at the H level (ready). 

The internal ready/busy signal RBk is an active high signal and is 

at the H level when busy and at the L level when ready. 

[0145] For example, the output driver 741-2 has a PMOS transistor 

741a2 . The PMOS transistor 741a2 has its source connected to the power 

supply potential VDD, its drain connected to the common signal line 

CSL, and its gate connected to the drive circuit 742-2. 

[0146] The drive circuit 732 in the control chip 720 has a 

constant current source 732c instead of the constant current source 

632c (see FIG. 9) . The constant current source 732c is electrically 

connected between the reference potential (e.g., ground potential) 

and the common signal line CSL. When either of the output drivers 

741-1, 741-2 of the memory chips 710-1, 710-2 is on, the output driver 

being on, pulls the potential on the common signal line CSL high. 

And when both the output drivers 741-1, 741-2 of the memory chips 

710-1, 710-2 become off, the constant current source 732c discharges 

the common signal line CSL to render the potential on the common signal 

line CSL low. Thus, when a transition occurs from the state where 

either output driver 741-1, 741-2 is on to the state where all the 

output drivers 741-1, 741-2 are off, the potential on the common signal 
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line CSL can be rapidly pulled down from "H" to "L". That is, the 

internal ready/busy signal RBk can be transmitted to an even number 

of stages of inverters 532a, 532b via the common signal line CSL at 

high speed. An even number of stages of the inverters 532a, 532b 

transfer the internal ready/busy signal RBk to the output driver 531. 

Hence, the output driver 531 outputs the ready/busy signal RBn 

according to the internal ready/busy signal RBk to the RBn terminal 

2f. 

[0147] As described above, in the seventh embodiment, in the 

storage device 700, each memory chip 710-1, 710-2 is configured such 

that a signal from the memory chip is outputted onto the common signal 

line CSL via the output driver 741-1, 741-2 . Thus, because the signal 

from each memory chip can be transferred to the control chip 720 side 

via the common signal line CSL, the number of stages of logic gates 

to go through in the signal transfer can be reduced as compared with 

the fifth embodiment, so that the signal can be transmitted from each 

memory chip to the external terminal (output terminal) 2 at high speed. 

[0148] Further, in the seventh embodiment, in the storage device 

700, the drive circuit 732 of the control chip 720 includes the 

constant current source 732c electrically connected between the 

reference potential (e.g., ground potential) and the common signal 

line CSL. When the state where at least one of the output drivers 

741-1, 741-2 of the memory chips 710-1, 710-2 is on is switched to 

the state where both are off, the constant current source 732c 

discharges the common signal line CSL to render the potential on the 

common signal line CSL low. Thus, when a transition occurs from the 

state where either output driver 741-1, 741-2 is on to the state where 

all the output drivers 741-1, 741-2 are off, the potential on the 

common signal line CSL can be rapidly pulled down from "H" to ,NL". 

Therefore, signal transmission via the common signal line CSL can 

be performed at high speed. 

[0149] In the seventh embodiment, in the storage device 700, the 

internal ready/busy signal RBk transmitted over the common signal 

line CSL is an active high signal and is at the H level when busy 
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and at the L level when ready (on standby) . Thus, if there is a leak 

path from a node on the common signal line CSL to the chip substrate, 

a leak current when the chip is on standby can be reduced. 

[0150] While certain embodiments have been described, these 

embodiments have been presented by way of example only, and are not 

intended to limit the scope of the inventions. Indeed, the novel 

embodiments described herein may be embodied in a variety of other 

forms; furthermore, various omissions, substitutions and changes in 

the form of the embodiments described herein may be made without 

departing from the spirit of the inventions. The accompanying claims 

and their equivalents are intended to cover such forms or 

modifications as would fall within the scope and spirit of the 

inventions. 
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CLAIMS 

[Claim 1] A storage device comprising: 

a control chip; and 

a plurality of memory chips; 

wherein the control chip has an input buffer common to the 

control chip and the plurality of memory chips and electrically 

connected to an external terminal, 

a first transmission path going through the input buffer and 

a second transmission path not going through the input buffer are 

provided between the external terminal and the plurality of memory 

chips, and 

in a first mode, the control chip enables the input buffer so 

as to activate the first transmission path and, in a second mode, 

disables the input buffer so as to activate the second transmission 

path. 

[Claim 2] The storage device according to claim 1, wherein 

the first mode includes an operation mode in which a control 

signal is supplied from the external terminal to a control circuit 

in each of the control chip and the plurality of memory chips using 

the first transmission path, and 

the second mode includes a test mode in which the operation of 

each of the control chip and the plurality of memory chips is checked 

using the second transmission path. 

[Claim 3] The storage device according to claim 1, wherein 

the control chip has a first control circuit that, in the first 

mode, enables the input buffer and that, in the second mode, disables 

the input buffer. 

[Claim 4] The storage device according to claim 3, wherein 

the control chip further has a first transfer switch provided 

on the second transmission path and electrically connected to the 

external terminal, 
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in the first mode, the first control circuit maintains the first 

transfer switch in an off state and, in the second mode, turns on 

the first transfer switch, and 

each of the plurality of memory chips has: 

a second transfer switch provided on the second transmission 

path and electrically connected to the external terminal; and 

a second control circuit that, in the first mode, maintains the 

second transfer switch in the off state and, in the second mode, turns 

on the second transfer switch. 

[Claim 5] The storage device according to claim 3, wherein 

the control chip further has a first transfer switch provided 

on the second transmission path and electrically connected to the 

external terminal, 

in the first mode, the first control circuit maintains the first 

transfer switch in an off state and, in the second mode, turns on 

the first transfer switch, and 

each of the plurality of memory chips has: 

a second transfer switch provided on the second transmission 

path; 

a connection switch provided on the second transmission path 

and that electrically connects the external terminal to the second 

transfer switch; and 

a second control circuit that, in the first mode, maintains at 

least the connection switch in the off state and, in the second mode, 

turns on the connection switch and the second transfer switch. 

[Claim 6] The storage device according to claim 3, wherein 

the control chip further has a first transfer switch provided 

on the second transmission path, 

in the first mode, the first control circuit maintains the first 

transfer switch in an off state and, in the second mode, turns on 

the first transfer switch, and 

each of the plurality of memory chips has: 
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a second transfer switch provided on the second transmission 

path; 

a connection switch provided on the second transmission path 

and that electrically connects the external terminal to each of the 

first transfer switch and the second transfer switch; and 

a second control circuit that, in the first mode, maintains at 

least the connection switch in the off state and, in the second mode, 

turns on each of the connection switch and the second transfer switch. 

[Claim 7] A storage device comprising: 

a control chip; and 

a plurality of memory chips stacked on the control chip, 

wherein the control chip has an output driver that outputs 

signals of the plurality of memory chips to an output terminal. 

[Claim 8] The storage device according to claim 7, wherein 

the control chip further has a drive circuit that transfers 

signals transferred from the plurality of memory chips to the output 

driver. 

[Claim 9] The storage device according to claim 7, wherein 

each of the plurality of memory chips puts together a signal 

of the memory chip and a signal transferred from the memory chip 

adjacent above to transfer to the memory chip adjacent below, and 

the output driver outputs a signal according to a signal 

transferred from the memory chip that is the lowest of the plurality 

of memory chip to the output terminal. 

[Claim 10] The storage device according to claim 7, wherein 

a signal line is connected, as a common signal line, to the 

plurality of memory chips, and a signal of each memory chip is 

outputted onto the common signal line via a second driver, 

the control chip further has a drive circuit that includes a 

first current source electrically connected between a power supply 
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potential and the common signal line, and 

the output driver is electrically connected between the common 

signal line and the output terminal. 

[Claim 11] The storage device according to claim 7, wherein 

a signal line is connected, as a common signal line, to the 

plurality of memory chips, and a signal of each memory chip is 

outputted onto the common signal line via a third driver, 

the control chip further has a drive circuit that includes a 

second current source electrically connected between a reference 

potential and the common signal line, and 

the output driver is electrically connected between the common 

signal line and the output terminal. 


