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DESCRIPTION

WAFER AND PROBER

FIELD
[0001]
Embodiments relate to a wafer and a prober.
BACKGROUND
[0002]

A prober configured to electrically connect a wafer
and a probe card has been known, where a plurality of chip
units are provided on the wafer, and the probe card
controls these‘chip units of the wafer.
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[0003]
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SUMMARY
TECHNICAL PROBLEM
[0004]

The purpose of the invention is to suppress

deterioration in communication reliability between a wafer

and a probe card.
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SOLUTION TO PROBLEM
[0005]

According to one embodiment, a wafer includes a
substrate including a first region and a second region
that do not overlap each other; a first chip unit and a
second chip unit each arranged on the substrate; a first
electrode and a second electrode each electrically
connected to the first chip unit; and a third electrode
and a fourth electrode each electrically connected to the
second chip unit. The first electrode and the third
electrode are arranged in the first region. The second
electrode and the fourth electrode are arranged in the
second region. The first region is independent of a region
in which the first chip unit and the second chip unit are
provided.

BRIEF DESCRIPTION OF DRAWINGS
[0006]

FIG. 1 is a block diagram illustrating a
configuration of an information processing system
according to a first embodiment.

FIG. 2 is a block diagram showing a configuration of
a host device and a prober according to the first
embodiment .

FIG. 3 is a block diagram illustrating exemplary
signals and voltages used in the memory bus according to
the first embodiment.

FIG. 4 is a cross-sectional view showing an exemplary
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configuration of the prober according to the first
embodiment.

FIG. 5 is a cross-sectional view illustrating an
exemplary configuration of a storage wafer and a probe
card according to the first embodiment.

FIG. 6 is a plan view showing an exemplary layout of
a plurality of memory chip units and a plurality of
electrodes before being rearranged in the storage wafer
according to the first embodiment.

FIG. 7 is a plan view showing an exemplary layout of
a plurality of electrodes that have been rearranged in the
storage wafer according to the first embodiment.

FIG. 8 is a schematic diagram illustrating electrical
connection paths between the memory chip units and a
memory controller chip according to the first embodiment.

FIG. 9 is a flowchart showing an exemplary pressure
control operation of the prober according to the first
embodiment.

FIG. 10 is a schematic view showing an example of
different pressures applied to two different regions in
the prober according to the first embodiment.

FIG. 11 is a cross-sectional view illustrating an
exemplary configuration of a prober according to a first
example of a first modification of the first embodiment.

FIG. 12 is a cross-sectional view showing an
exemplary configuration of a prober according to a second

example of the first modification of the first embodiment.
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FIG. 13 is a schematic view showing an exemplary
configuration of a prober according to a second
modification of the first embodiment.

FIG. 14 is a cross-sectional view showing an
exemplary configuration of a prober according to a first
example of the second modification of the first
embodiment.

FIG. 15 is a cross-sectional view showing an
exemplary configuration of a prober according to a second
example of the second modification of the first
embodiment.

FIG. 16 is a cross-sectional view showing an
exemplary configuration of a probe card according to a
third example of the second modification of the first
embodiment.

FIG. 17 is a cross-sectional view showing an
exemplary configuration of a probe card according to a
fourth example of the second modification of the first
embodiment.

FIG. 18 is a cross-sectional view showing different
exemplary configurations of electrodes that have been
rearranged according to a third modification of the first
embodiment.

FIG. 19 is a diagram showing the properties of
different exemplary configurations of electrodes that have
been rearranged according to the third modification of the

first embodiment.
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FIG. 20 is a cross-sectional view showing exemplary
configurations of a storage wafer and a probe card
according to a second embodiment.

FIG. 21 is a schematic diagram illustrating
electrical connection paths between the memory chip units
and a memory controller chip according to the second
embodiment.

FIG. 22 is a cross-sectional view illustrating an
exemplary configuration of a storage wafer and a probe
card according to a modification of the second embodiment.

FIG. 23 is a cross-sectional view illustrating an
exemplary configuration of a storage wafer and a probe
card according to a third embodiment.

FIG. 24 is a schematic diagram illustrating
electrical connection paths between the memory chip units
and a memory controller chip according to the third
embodiment .

FIG. 25 1s a cross-sectional view illustrating an
exemplary configuration of a storage wafer and a probe
card according to a modification of the third embodiment.

FIG. 26 is a cross-sectional view illustrating an
exemplary configuration of a storage wafer and a probe
card according to a fourth embodiment.

FIG. 27 is a schematic view showing an exemplary heat
dissipating operation in the storage wafer and the probe
card according to the fourth embodiment.

DETAILED DESCRIPTION
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[0007]

Hereinafter, embodiments will be described with
reference to the accompanying drawings. In the description
below, the same reference symbol will be assigned to
constituent elements having the same function and
configuration. The elements with a common reference
numeral or symbol are distinguished from each other by
adding a suffix to the common reference numeral or symbol.
If a plurality of elements do not need to be particularly
distinguished from each other, only a common reference
numeral or symbol will be provided, without a suffix
added.

[0008]
1. First Embodiment

A first embodiment will be described.

[0009]
1.1. Configuration
1.1.1. Information processing system

A configuration of a information system according to
the first embodiment will be described. FIG. 1 is a block
diagram showing a configuration of the information
processing system according to the first embodiment. The
information processing system 1 includes, as shown in
FIG. 1, a host device 2, and a storage system 3.

[0010]
The host device 2 is a data processing device that

uses the storage system 3 to process data. The host device
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2 may be a server in a data center.
[0011]

The storage system 3 is a storage device connected to
the host device 2. The storage system 3 may be a solid
state drive (SSD) configured to access a wafer provided
with memory devices. The storage system 3 executes data
program processing and data read processing in response to
a request (command) from the host device 2.

[0012]
1.1.2. Storage system

Next, the internal configuration of the storage
system according to the first embodiment will be described
with reference to FIG. 1.

[0013]

The storage system 3 includes a wafer stocker 4, a
wafer carrier 5, a prober 6, a plurality of storage wafers
10, and a probe card 20.

[0014]

The wafer stocker 4 stores a plurality of storage
wafers 10 that have not yet been placed on the prober 6.
[0015]

The wafer carrier 5 has a function of transferring
the storage wafers 10 between the wafer stocker 4 and the
prober 6.

[0016]
A storage wafer 10 and the probe card 20 are placed

on the prober 6. The prober 6 has a function of
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electrically connecting the storage wafer 10 to the probe
card 20. The prober 6 also executes various kinds of
control processing in order to establish an electrical
connection between the storage wafer 10 and the probe card
20.

[0017]

The storage wafer 10 is a wafer in which memory
devices (not shown) having a data storage function are
provided. The probe card 20 is a card substrate on the
surface of which a memory controller (not shown) for
controlling the storage wafer 10 is provided. With the
control processing by the prober 6, the memory devices in
the storage wafer 10 and the memory controller on the
probe card 20 are physically and electrically connected to
each other.

[0018]
1.1.3. Prober

The internal configuration of the prober according to
the first embodiment will be described next.
[0019]
1.1.3.1. Communication function

The communication function of the prober according to
the first embodiment will be described with reference to
FIG. 2. A block diagram for an exemplary configuration of
a host device and a prober according to the first
embodiment 1s presented in FIG. 2, where an exemplary

connection relationship of the storage wafer 10 and the
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probe card 20 physically and electrically connected in the
prober 6 is illustrated. The prober 6 further includes an
interface control system 7, a drive control system 8, and
a temperature control system 9, as shown in FIG. 2. The
storage wafer 10 includes a plurality of memory chip units
100. The probe card 20 includes a plurality of memory
controller chips 200.

[0020]

The interface control system 7 is a circuit for
controlling the interface that relates to the data
transmission mainly in the prober 6. For instance, the
interface control system 7 transfers requests and data
received from the host device 2 to the probe card 20. The
interface control system 7 transfers the data received
from the probe card 20 to the host device 2. The interface
control system 7 is connected to the host device 2 via a
host bus. The host bus conforms to, for example, the
Peripheral Component Interconnect Express (PCIe™). When
the storage wafer 10 and the probe card 20 are brought
into contact with each other, the interface control system
7 performs various types of control upon the drive control
system 8 and the temperature control system 9.

[0021]

The drive control system 8 includes a torque
mechanism configured to freely and three-dimensionally
change the relative position between the storage wafer 10

and the probe card 20, and a control unit configured to
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control the torque mechanism (neither of them shown). The
drive control system 8 has a function of, with the torque
mechanism driven by the control unit, bringing the storage
wafer 10 and the probe card 20 into contact with each
other.

[0022]

The drive control system 8 further includes a
pressure sensor PS. The pressure sensor PS is configured
to measure a two-dimensional distribution of a pressure
produced when the storage wafer 10 and the probe card 20
are brought into contact with each other. The control unit
of the drive control system 8 controls the output of the
torgue mechanism in such a manner that the two-dimensional
distribution of the pressure measured by the pressure
sensor PS satisfies a certain condition. The method of the
drive control system 8 controlling the pressure of the
torque mechanism using the pressure sensor PS will be
described in detail later.

[0023]

The temperature control system 9 controls a
temperature environment to which the storage wafer 10 and
the probe card 20 placed in the prober 6 are exposed. For
instance, the temperature control system 9 is configured
to keep the temperatures of the storage wafer 10 and the
probe card 20 within a certain range based on the
temperature measured by a temperature sensor (not shown).

[0024]
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Each of the memory controller chips 200 is configured
by an integrated circuit such as a System-on-a-Chip (SoC),
and has, for example, a field programmable gate array
(FPGA) function. Each of the memory controller chips 200
is electrically connected to a group of memory chip units
100. In the example of FIG. 2, k memory chip units
100_1, ..., and 100_k are connected in parallel to a
memory controller chip 200 (where k is an integer equal to
or larger than 2). Each of the memory controller chips 200
controls the k memory chip units 100 _1 to 100 _k in
parallel based on an instruction from the interface
control system 7.

[0025]

Specifically, a memory controller chip 200 may write
the write data into the write target memory chip unit 100
based on the write request from the host device 2. The
memory controller chip 200 also reads the read data from
the read target memory chip unit 100 based on a read
request from the host device 2. Then, the memory
controller chip 200 transmits the read data to the host
device 2 via the interface control system 7.

[0026]

Each of the memory chip units 100 is a chip unit. The
chip unit is a unit of a device capable of functioning at
a chip level after dicing a wafer. In the storage system
3, however, the storage wafer 10 is utilized as a wafer,

without being diced. Each of the memory chip units 100
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therefore functions as a memory device, without being cut
into chips, in a state of being provided on a storage
wafer 10. The memory chip units 100 are configured to
execute data write processing and read processing
independently from one another. A memory chip unit 100
includes a plurality of memory cells that individually
store data in a nonvolatile manner and a control circuit
that controls the memory cells. Each of the memory chip
units 100 may be a NAND flash memory.
[0027]

The electrical connection between the storage wafer
10 and the probe card 20 is realized by way of a memory
bus BUS. The memory bus BUS conforms to, for example, a
single data rate (SDR) interface, a toggle double data
rate (DDR) interface, or an open NAND flash interface
(ONFI) . FIG. 3 is a block diagram showing exemplary
signals and voltages used in the memory bus according to
the first embodiment.
[0028]

The examples of the signals used in the memory bus
BUS include a chip enable signal CEn, a command latch
enable signal CLE, an address latch enable signal ALE, a
write enable signal WEn, a read enable signal REn, a write
protect signal WPn, a ready/busy signal RBn, and an
input/output signal I/O. Throughout this specification, it
is assumed that "n" at the end of the name of a signal

represents that the signal is asserted when the signal is
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at an "L (low)" level.
[0029]

The chip enable signal CEn is a signal for enabling
the memory chip unit 100.

[0030]

The command latch enable signal CLE is a signal for
notifying the memory chip unit 100 that the input signal
I/0 transmitted to the memory chip unit 100 represents a
command.

[0031]

The address latch enable signal ALE is a signal for
notifying the memory chip unit 100 that the input signal
I/0 to the memory chip unit 100 represents an address.
[0032]

The write enable signal WEn is a signal for causing
the memory chip unit 100 to fetch the input signal I/0O.
[0033]

The read enable signal REn is a signal for reading
the output signal I/O from the memory chip unit 100.
[0034]

The write protect signal WPn is a signal for
instructing the memory chip unit 100 to prohibit data
writing and erasing.

[0035]

The ready/busy signal RBn is a signal indicating

whether the memory chip unit 100 is in a ready state or a

busy state. In a ready state, the memory chip unit 100 is
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in a state in which it can receive a command from the
memory controller chip 200. In a busy state, the memory
chip unit 100 is in a state in which it cannot receive a
command from the memory controller chip 200. The "L" level
of the ready/busy signal RBn indicates a busy state.

[0036]

The input/output signal I/O is, for example, an 8-bit
signal. The input/output signal I/0 is the data entity
transmitted and received between the memory chip unit 100
and the memory controller chip 200. The input/output
signal I/O includes a command, an address, and data such
as write data and read data.

[0037]

Furthermore, voltages VSS and VCC are supplied to the
memory chip units 100 via the memory bus BUS, where the
voltage VSS represents a ground voltage, and the voltage
VCC represents a power supply voltage.

[0038]

In the following description, the chip enable signal
CEn, the command latch enable signal CLE, the address
latch enable signal ALE, the write enable signal WEn, the
read enable signal REn, the write protect signal WPn, the
ready/busy signal RBn, and the input/output signal I/0O may
be simply referred to as signals. The voltages VSS and VCC
may also be simply referred to as signals.

[0039]

1.1.3.2. Configuration
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Next, the configuration of the prober according to
the first embodiment will be described with reference to
FIG. 4. In FIG. 4, a cross-sectional view showing an
exemplary configuration of the prober according to the
first embodiment is presented. The cross-sectional view of
FIG. 4 shows the prober 6 in which a storage wafer 10 and
a probe card 20 are installed.

[0040]

Hereinafter, the placement surface of the prober 6 on
which a storage wafer 10 is placed is defined as an XY
plane. The direction perpendicular to the XY plane is
defined as a Z direction. The direction from the storage
wafer 10 toward the probe card 20 along the Z direction is
referred to as an upward direction.

[0041]

A surface of the storage wafer 10 facing the probe
card 20 may also be referred to as a "top surface", or
"first surface", of the storage wafer 10. A surface of the
storage wafer 10 placed on the prober 6 may also be
referred to as a "bottom surface", or "second surface", of
the storage wafer 10. A surface of the probe card 20
facing the top surface of the storage wafer 10 may also be
referred to as a "bottom surface" of the probe card 20, or
"opposite surface" facing the storage wafer 10. A surface
of the probe card 20 opposite to the bottom surface of the
probe card 20 may also be referred to as the "top surface"

of the probe card 20.
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[0042]

As shown in FIG. 4, the prober 6 includes a base 31,
a plurality of stages 32-1, 32-2, and 32-3, a wafer chuck
33, a head stage 34, a stiffener 35, a card holder 36, a
fixation member 37, pillars 38, and a test head 39.

[0043]

The base 31 supports the stages 32-1 to 32-3 and the
wafer chuck 33. In particular, a stage 32-1 having an X
displacement mechanism is provided on the top surface of
the base 31. A stage 32-2 having a Y displacement
mechanism is provided on the top surface of the stage 32-
1. A stage 32-3 having a Z6 displacement mechanism is
provided on the top surface of the stage 32-2.

[0044]

The stages 32-1 to 32-3 constitute part of the torqgue
mechanism of the drive control system 8. With the X
displacement mechanism, the stage 32-1 is freely movable
in the X direction with respect to the base 31. With the Y
displacement mechanism, the stage 32-2 is freely movable
in the Y direction with respect to the stage 32-1. With
the Z6 displacement mechanism, the stage 32-3 is freely
movable in the Z direction with respect to the stage 32-2,
and freely rotatable on the XY plane. In other words, the
X displacement mechanism, Y displacement mechanism, and Z6
displacement mechanism can freely displace a storage wafer
10 with respect to the probe card 20.

[0045]
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When the storage wafer 10 and the probe card 20 come
into contact with each other, a pressure is created, and
the Z6 displacement mechanism can control the distribution
of such a pressure on the XY plane to be any arbitrary
distribution. That is, the Z6 displacement mechanism is
configured to form a pressure distribution in which
pressures applied to at least two different regions that
do not overlap each other differ from each other.

[0046]

A wafer chuck 33 is provided on the top surface of
the stage 32-3. The wafer chuck 33 is a table that
supports the storage wafer 10. The wafer chuck 33
includes, for example, a temperature sensor, a heater, and
a cooler (none of which are shown) inside. The heater and
cooler are configured to raise and lower the temperature
of the storage wafer 10. The temperature control system 9
drives the heater and the cooler based on the information
from the temperature sensor so that the temperature of the
storage wafer 10 can be maintained within a predetermined
range via the wafer chuck 33.

[0047]

The head stage 34 is supported above the wafer chuck
33 by the pillars 38. The head stage 34 may be shaped into
a ring. A ring-shaped stiffener 35 and a ring-shaped card
holder 36 are provided in a space inside the ring of the
head stage 34. The stiffener 35 is provided on the top

surface of the probe card 20 so that the probe card 20 can
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be held between the stiffener 35 and the card holder 36.
The card holder 36 supports the probe card 20 in the space
inside the ring of the card holder 36. The probe card 20
is secured to the stiffener 35 and the card holder 36 by
the fixation member 37. As a result, the position of the
probe card 20 is secured on the XY plane with respect to
the wafer chuck 33, and any displacement that tends to be
caused by a thermal expansion or the like can be
suppressed.

[0048]

The test head 39 is provided on the top surfaces of
the head stage 34 and the stiffener 35. The test head 39
serves as the interface control system 7 with an
electrical connection established with the probe card 20.
A pressure sensor PS is arranged inside the test head 39.
The pressure sensor PS is configured to measure the
distribution of pressure produced when the storage wafer
10 and the probe card 20 come into contact with each
other. The pressure sensor PS may include a plurality of
sensor elements, which are arranged in a dispersed manner
across the XY plane.

[0049]

With the above-described configuration, the drive
control system 8 can physically bring the storage wafer 10
and the probe card 20 into contact with each other while
applying different pressures to at least two regions on

the XY plane.
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[0050]

The head stage 34 may be provided with a camera (not
shown) to detect a benchmark position on the storage wafer
10. The benchmark position on the storage wafer 10 may be
the outer edge of the wafer or an alignment mark provided
on the wafer. The drive control system 8 accurately
recognizes the reference position based on the information
from the camera. In this manner, the drive control system
8 can perform control such that the storage wafer 10 and
the probe card 20 can be precisely aligned.

[0051]
1.1.4. Cross-sectional configuration of storage wafer and
probe card

Next, a cross-sectional configuration of the storage
wafer and the probe card according to the first embodiment
will be described. FIG. 5 is a cross-sectional view
showing an exemplary configuration of the storage wafer
and the probe card placed in the prober according to the
first embodiment.

[0052]

As shown in FIG. 5, the storage wafer 10 includes a
substrate 11, an element layer 12, a plurality of
electrodes 13, an insulating layer 14, a plurality of
wirings 15, and a plurality of electrodes 16. The probe
card 20 includes, in addition to the memory controller
chips 200, a substrate 21, a plurality of wirings 22, and

a plurality of electrodes 23.
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[0053]

The substrate 11 may be a silicon wafer. The element
layer 12 is provided on the top surface of the substrate
11. The element layer 12 is a layer in which a plurality
of memory chip units 100 are provided. In the example of
FIG. 5, the memory chip units 100 in the element layer 12
are omitted from the illustration.

[0054]

A plurality of electrodes 13 are provided on the top
surface of the element layer 12. Each of the electrodes 13
is positioned directly above the corresponding memory chip
units 100. That is, these electrodes 13 represent
electrodes in a state prior to the rearrangement. Each of
the electrodes 13 may be a plate-like pad electrode. For
example, any two adjacent electrodes 13 are arranged so as
to be separated from each other by an interval wl. The
electrodes 13 may include aluminum (Al).

[0055]

An insulating layer 14 is provided in such a manner
as to cover the top surface of the element layer 12 and
the top surfaces of the electrodes 13. The insulating
layer 14 may include polyimide.

[0056]

A plurality of electrodes 16 are provided on the top
surface of the insulating layer 14. The electrodes 16 are
arranged in a region independent of the region in which

the corresponding electrodes 13 (i.e., corresponding
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memory chip units 100) are provided. That is, the
electrodes 16 represent electrodes in a state after the
rearrangement. Each of the electrodes 16 may be a plate-
like pad electrode. Any two adjacent electrodes 16 are
arranged so as to be separated from each other by an
interval w2, which is longer than the interval wl. The
area of an electrode 16 is larger than the area of an
electrode 13. The electrodes 16 include, for example,
nickel (Ni) and/or gold (Au).

[0057]

A plurality of wirings 15 are provided in the
insulating layer 14 to electrically connect the electrodes
13 to the electrodes 16. The wirings 15 are re-wirings for
rearranging the electrodes 13 into the electrodes 16. In
the example of FIG. 5, the wirings 15 that electrically
connect the electrode 13 (shown) and the electrode 16 (not
shown) are omitted from the illustration. The wirings 15
may include copper (Cu).

[0058]

The substrate 21 includes, for example, a printed
circuit board. A plurality of memory controller chips 200
are provided on the top surface of the substrate 21. A
plurality of electrodes 23 are provided on the bottom
surface of the substrate 21. The electrodes 23 are
provided at positions corresponding to the electrodes 16.
Each of the electrodes 23 may be a probe electrode having

a pin shape. A plurality of wirings 22 are provided in the
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substrate 21. The wirings 22 electrically connect the
memory controller chips 200 to the electrodes 23.
[0059]

1.1.5. Layout of storage wafer

Next, the layout of a storage wafer according to the
first embodiment will be described. FIG. 6 is a plan view
showing an exemplary layout of a plurality of memory chip
units and a plurality of electrodes before being
rearranged in the storage wafer according to the first
embodiment, and FIG. 7 is a plan view showing an exemplary
layout of a plurality of electrodes that have been
rearranged in the storage wafer according to the first
embodiment.

[0060]

First, the layout of the memory chip units 100 and
the electrodes 13 before being rearranged will be
described with reference to FIG. 6. As shown in FIG. 6,
the memory chip units 100 are arranged in a matrix on the
XY plane.

[0061]

In a plan view, the electrodes 13 are arranged in a
region where the corresponding memory chip units 100 are
provided. In the example of FIG. 6, a plurality of
electrodes 13 corresponding to one memory chip unit 100
are arranged in the X direction. The present invention,
however, is not limited thereto, and the electrodes 13 may

be arranged in a matrix in a region where the
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corresppnding memory chip unit 100 is provided.
[0062]

The electrodes 13 corresponding to one memory chip
unit 100 include a plurality of electrodes 13A and a
plurality of electrodes 13B. The electrodes 13A and the
electrodes 13B differ in minimum pressures (pressure
thresholds) required to establish a sufficient electrical
connection with the electrodes 23. For instance, the
pressure threshold ThA of the electrodes 13A is higher
than the pressure threshold ThB of the electrodes 13B. The
electrodes 13A may be used to supply a voltage. The
electrodes 13B may be used to communicate signals.

[0063]

Next, the layout of the electrodes 16 that have been
rearranged will be described with reference to FIG. 7. In
a plan view as shown in FIG. 7, the electrodes 16 are
arranged in a region independent of that of the
corresponding memory chip units 100.

[0064]

The electrodes 16 corresponding to one memory chip
unit 100 include a plurality of electrodes 16A and a
plurality of electrodes 16B. An electrode 16A may be used
to supply a voltage. An electrodes 16B may be used to
communicate a signal. For this reason, the electrodes 16A
and 16B have pressure thresholds substantially equal to
those of the electrodes 13A and 13B, respectively.

[0065]
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On the top surface of the insulating layer 14, the
electrodes 16A and 16B are arranged in the regions RA and
RB, respectively. The regions RA and RB do not overlap
each other. In the example of FIG. 7, the regions RA and
RB are concentric on the top surface of the storage wafer
10. That is, in a plan view, the region RB includes the
center of the storage wafer 10, while the region RA is
located outside the region RB with respect to the center
of the storage wafer 10.

[0066]

The regions RA and RB do not need to be concentric
regions. It will be sufficient if the regions RA and RB do
not overlap each other and are independent of the region
in which the memory chip units 100 are provided. For
instance, the regions RA and RB may be a left region and a
right region, respectively, of the top surface of the
storage wafer 10, when viewed on the drawing sheet.
Furthermore, a boundary region which belongs to neither
region RA nor RB may be provided between the region RA and
the region RB. This boundary region may not have any
electrodes 16A or 16B arranged.

[0067]

The memory chip units 100 and the memory controller
chips 200 are electrically connected to each other via the
electrodes 13 and electrodes 16 as described above. FIG. 8
is a schematic diagram illustrating electrical connection

paths between the memory chip units and a memory
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controller chip according to the first embodiment.
[0068]

As shown in FIG. 8, the memory chip units 100 are
electrically connected to the electrodes 13A and 13B
arranged in the region where the memory chip units 100 are
provided. The electrodes 13A and 13B are electrically
connected to the electrodes 16A and 16B via a plurality of
wirings 15 that extend in the Z direction inside the
insulating layer 14. Unlike the electrodes 13A and 13B,
the electrodes 16A and 16B are arranged in a region
independent of the region in which the corresponding
memory chip units 100 are provided. In particular, the
electrodes 16A and 16B are respectively arranged in the
regions RA and RB, which do not overlap with each other.
The electrodes 16A and 16B are electrically connected to
the corresponding memory controller chips 200 on the probe
card 20 via the corresponding electrodes 23 and wirings
22.

[0069]

With the above-described configuration, all of the
electrodes 16A and 16B provided on the storage wafer 10
can be arranged in the regions RA and RB, which do not
overlap with each other. Thus, the problem of individually
controlling the pressure applied to all the electrodes 16A
and the pressure applied to all the electrodes 16B can be
dealt with as a problem of individually controlling the

pressure applied to the region A and the pressure applied
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to the region B.
[0070]
1.2. Pressure control operation

Next, the pressure control operation of the prober
according to the first embodiment will be described.

FIG. 9 is a flowchart showing an exemplary pressure
control operation of the prober according to the first
embodiment. The pressure control operation in the process
(touch-down process) for physically and electrically
connecting the storage wafer 10 and the probe card 20 is
illustrated in FIG. 9.

[0071]

Upon receipt of an instruction to electrically
connect the storage wafer 10 and the probe card 20
("Start"), the drive control system 8 drives the torque
mechanism to change the distance between the electrodes 16
and electrodes 23 (S1), as shown in FIG. 9.

[0072]

The drive control system 8 determines whether or not
the electrodes 16 and electrodes 23 are brought into
contact with each other (8S2). In particular, the drive
control system 8 may determine the displacement amount of
the torque mechanism based on the information obtained
from a camera or the like. The drive control system 8
moves the Z6 displacement mechanism by the determined
displacement amount, and thereby determines that the

electrodes 16 and electrodes 23 have come into contact
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with each other.
[0073]

If the displacement amount of the Z6 displacement
mechanism does not reach the determined displacement
amount (no at S2), the drive control system 8 continues to
change the distance between the electrodes 16 and the
electrodes 23 (S1). If the displacement amount of the Z©6
displacement mechanism has reached the determined
displacement amount (yes at S2), the drive control system
8 obtains a two-dimensional pressure distribution from the
pressure sensor PS (S3).

[0074]

After the operation of S3, the drive control system 8
determines, based on the obtained two-dimensional pressure
distribution, whether or not the pressure PB in the region
RB is below the pressure threshold ThB (S4). If the
pressure PB in the region RB is equal to or higher than
the pressufe threshold ThB (no at S4), the drive control
system 8 lowers the pressure PB that is being applied to
the region RB (S5). After the operation of S5, the process
proceeds to S3. In this manner, the pressure PB applied to
the region RB is reduced until the pressure PB in the
region RB becomes lower than the pressure threshold ThB.
[0075]

If the pressure PB in the region RB is less than
pressure threshold ThB (yes at S4), the drive control

system 8 determines whether the pressure PA in the region
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RA 1s equal to or higher than the pressure threshold ThA
based on the obtained two-dimensional pressure
distribution (S6). If the pressure PA in the region RA is
lower than the pressure threshold ThA (no at S6), the
drive control system 8 increases the pressure PA that is
being applied to the region RA (S7). After the operation
of S7, the process proceeds to S3. In this manner, the
pressure PA applied to the region RA is increased until
the pressure PB in the region RB becomes lower than the
pressure threshold ThB and the pressure PA in the region
RA becomes equal to or higher than the pressure threshold
ThA.

[0076]

If the pressure PA in the region RA is equal to or
higher than the threshold pressure ThA (yes at S6), the
drive control system 8 determines the pressures PA and PB
to be applied to the regions RA and RB (S8).

[0077]

After the operation of S8 is complete, the drive
control system 8 determines that each of the electrodes
16A and 16b is electrically connected to the corresponding
one of the electrodes 23. Then, the pressure control
operation is terminated ("End").

[0078]
1.3. Effects according to First Embodiment
According to the first embodiment, deterioration of

the communication reliability between a storage wafer and
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the probe card can be suppressed. This effect will be
described below with reference to FIG. 10. The schematic
view of FIG. 10 shows an exemplary difference in the
pressures applied to two regions in the prober according
to the first embodiment.

[0079]

The electrodes 16A and 16B are arranged respectively
in the regions RA and RB, which do not overlap with each
other and are independent of the region in which the
corresponding memory chip units 100 are provided. As a
result, all the electrodes 16A can be concentrated in the
region RA and all the electrodes 16B can be concentrated
in the region RB, regardless of which electrodes
correspond to which memory chip units 100.

[0080]

In addition, all of the electrodes 13A and 13B are
arranged within a region where the corresponding memory
chip units 100 are provided. When the wafer is viewed as a
whole, the electrodes 13A and 13B are provided in a mixed
manner across the entire surface that is in contact with
the probe card 20. This means that it may be very
difficult to apply appropriate pressures respectively to
the electrodes 13A and electrodes 13B.

[0081]

According to the first embodiment, the electrodes 13A

and 13B are rearranged into the electrodes 16A and 16B via

the wirings 15. As a result, the electrodes 16A and
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electrodes 16B, which have mutually different pressure
thresholds, can be separately arranged in the regions RA
and RB that differ from each other, as shown in FIG. 10.
The pressure controllability of the drive control system 8
thereby can be enhanced.

[0082]

Furthermore, the drive control system 8 includes a
pressure sensor PS configured to obtain the two-
dimensional pressure distribution of a region including
the regions RA and RB. The drive control system 8 is
configured to apply different pressures to the regions RA
and RB based on the obtained two-dimensional pressure
distribution. Thus, different pressures can be applied to
the electrodes 16A and electrodes 16B. In particular, a
relatively large pressure PA can be applied to the
electrodes 16A, which have the pressure threshold ThA
higher than the pressure threshold ThB, while a relatively
low pressure PB can be applied to the electrodes 16B
having a pressure threshold ThB, which is lower than the
pressure threshold ThA. As a result, abrasion of the
electrodes 16B that tends to occur under an excessively
large pressure when being brought into contact with the
electrodes 23 can be suppressed. In addition, a pressure
that would hamper sufficient reliability will not be given
to the electrodes 16A, and therefore suspension of voltage
supply through the electrodes 16A will not occur. In this

manner, the deterioration in communication reliability
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between a storage wafer and the probe cardvcan‘be
suppressed.

[0083]

1.4. Modification of First Embodiment

The first embodiment described above can be modified
in various ways. In the modifications described below,
descriptions of the same configurations and operations as
those of the first embodiment will be omitted, and the
configurations and operations different from those of the
first embodiment will be mainly described.

[0084]
1.4.1. First Modification of First Embodiment

In the above-described first embodiment, the pressure
sensor PS provided in the test head 39 has been described,
which is not a limitation. For instance, the pressure
sensor PS may be provided at a place outside the test head
39. Two examples of the pressure sensor PS provided at a
place other than the test head 39 will be described.
[0085]

(First Example)

FIG. 11 is a cross-sectional view illustrating an
exemplary configuration of a prober according to a first
example of a first modification of the first embodiment.
FIG. 11 corresponds to FIG. 4 for the first embodiment.
[0086]

As shown in FIG. 11, the pressure sensor PS may be

provided in the wafer chuck 33. In this case, the pressure
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sensor PS is configured to measure the two-dimensional
pressﬁre distribution on the XY plane in the wafer chuck
33.

[0087]

(Second Example)

FIG. 12 is a cross-sectional view illustrating an
exemplary configuration of a prober according to a second
example of the first modification of the first embodiment.
FIG. 12 corresponds to FIG. 4 for the first embodiment.
[0088]

As shown in FIG. 12, the pressure sensor PS may be
provided in the probe card 20. In this case, the pressure
sensor PS is configured to measure the two-dimensional
pressure distribution on the XY plane in the probe card
20.

[0089]

In either case, the pressure sensor PS can measure
the two-dimensional pressure distribution in a region that
includes the regions RA and RB, in the same manner as in
the first embodiment. Thus, the drive control system 8 is
capable of applying a suitable pressure to each of the
regions RA and RB based on the two-dimensional pressure
distribution obtained by the pressure sensor PS.

[0090]
1.4.2. Second Modification of First Embodiment
In the first embodiment and the first modification of

the first embodiment described above, the pressures
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applied to the electrodes 16A and 16B controlled by the
torque mechanism have been described. The pressures
applied to the electrodes 16A and 16B, however, may be
further controlled by a mechanism other than the torque
mechanism.

[0091]

FIG. 13 is a schematic view showing an exemplary
configuration of the prober according to a second
modification of the first embodiment.

[0092]

As shown in FIG. 13, the prober 6 further includes a
cushioning material CM. The cushioning material CM may be
an elastic body that contracts in the Z direction in
response to an overload produced during a touch-down
process. The overload is, for example, a load that may
damage the electrodes 16 and electrodes 23. For instance,
when the electrodes 16 and the electrodes 23 are brought
into contact with each other, the overload may occur due
to an error in determining the distance between the
electrodes 16 and the electrodes 23, manufacturing
variations in the distance between the electrodes 16 and
the electrodes 23, and the like.

[0093]

The cushioning material CM has a function of

releasing the stress which tends to be concentrated on the

location where the overload is caused toward the

peripheral region of the overload caused location. For
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instance, the cushioning material CM may have a porous
structure. More specifically, the cushioning material CM
includes urethane. Alternatively, the cushioning material
CM may have a spring structure.

[0094]

The cushioning material CM may include cushioning
materials CMA and CMB. The cushioning materials CMA and
CMB are provided in the regions RA and RB, respectively.
The cushioning material CMB may demonstrate a greater
stress releasing capability than the cushioning material
CMA. By providing cushioning materials CM with suitable
levels of stress releasing capability in accordance with
the pressure threshold values, it is possible to suppress
damage to the electrodes 16 and 23.

[0095]

The cushioning material CM may be provided at various
positions in the prober 6. Four examples for the position
where the cushioning material CM is provided will be
indicated below.

[0096]
(First Example)

FIG. 14 is a cross-sectional view illustrating an
exemplary configuration of a prober according to a first
example of the second modification of the first
embodiment. FIG. 14 corresponds to FIG. 4 for the first
embodiment. As shown in FIG. 14, the cushioning material

CM may be provided inside the test head 39.
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[0097]

In the example of FIG. 14, the cushioning material CM
and the pressure sensor PS are provided in different
layers, which is not a limitation. For instance, the same
material in the same layer may have the functions of both
the cushioning material CM and the pressure sensor PS.
[0098]

In the example of FIG. 14, the cushioning material CM
is provided between the pressure sensor PS and the probe
card 20, which is not a limitation. For instance, the
cushioning material CM may be provided at a position such
that the pressure sensor PS can be interposed between the
cushioning material CM and the probe card 20.

[0099]

In the example of FIG. 14, the pressure sensor PS
provided inside the test head 39 in a manner similar to
the cushioning material CM is illustrated, which is not a
limitation. For instance, as shown in the first and second
examples of the first modification of the first
embodiment, the pressure sensor PS may be provided in the
wafer chuck 33 or the probe card 20.

[0100]
(Second Example)

FIG. 15 is a cross-sectional view illustrating an
exemplary configuration of a prober according to a second
example of the second modification of the first

embodiment. FIG. 15 corresponds to FIG. 4 for the first
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embodiment. As shown in FIG. 15, the cushioning material
CM may be provided inside the wafer chuck 33.
[0101]

In the example of FIG. 15, the pressure sensor PS is
provided inside the test head 39, which is not a
limitation. For instance, as shown in the first and second
examples of the first modification of the first
embodiment, the pressure sensor PS may be provided inside
the wafer chuck 33 or the probe card 20. When the pressure
sensor PS is provided inside the wafer chuck 33, the
cushioning material CM and the pressure sensor PS may be
provided in different layers or in the same layer. When
the pressure sensor PS is provided inside the wafer chuck
33, the cushioning material CM may be provided between the
storage wafer 10 and the pressure sensor PS, or may be
provided at a position such that the pressure sensor PS
can be interposed between the cushioning material CM and
the storage wafer 10.

[0102]
(Third Example)

FIG. 16 is a cross-sectional view showing an
exemplary configuration of a probe card according to a
third example of the second modification of the first
embodiment. FIG. 16 corresponds to part of the probe card
20 illustrated in FIG. 5 of the first embodiment. As shown
in FIG. 16, the cushioning material CM may be provided

inside the probe card 20. When the cushioning material CM
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is provided inside the probe card 20, the cushioning
material CM includes a plurality of portions CMc and a
portion CMi.

[0103]

The portion CMi of the cushioning material is an
insulator that covers the side surfaces of the portions
CMc of the cushioning material. That is, the portion CMi
of the cushioning material electrically insulates the
portions CMc of the cushioning material from each other.
The portion CMi of the cushioning material is provided
between the upper portion and lower portion of the
substrate 21.

[0104]

The portions CMc of the cushioning material are
conductors provided in the same layer as the portion CMi
of the cushioning material in such a manner as to
correspond to the wirings 22. That is, each of the
portions CMc of the cushioning material electrically
connects the upper portion and lower portion of the
corresponding wiring 22 to each other.

[0105]

In the example of FIG. 16, the pressure sensor PS is
not provided inside the probe card 20, which is not a
limitation. For instance, as shown in the second example
of the first modification of the first embodiment, the
pressure sensor PS may be provided inside the probe card

20. When the pressure sensor PS is provided inside the
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probe card 20, the cushioning material CM and the pressure
sensor PS may be provided in different layers or in the
same layer. When the pressure sensor PSbis provided inside
the probe card 20, the cushioning material CM may be
provided between the storage wafer 10 and the pressure
sensor PS, or between the memory controller chip 200 and
the pressure sensor PS.

[0106]

(Fourth Example)

FIG. 17 is a cross-sectional view showing an
exemplary configuration of a probe card according to a
fourth example of the second modification of the first
embodiment. FIG. 17 corresponds to part of the probe card
20 illustrated in FIG. 5 of the first embodiment. As shown
in FIG. 17, the cushioning material CM may be provided
between the substrate 21 and the electrodes 23 of the
probe card 20. When the cushioning material CM is provided
between the substrate 21 and the electrodes 23, the
cushioning material CM includes a plurality of portions
CMc.

[0107]

Each of the portions CMc of the cushioning material
is a conductor provided to correspond to the wirings 22.
That is, each of the portions CMc of the cushioning
material electrically connects the corresponding wiring 22
and the corresponding electrode 23 to each other.

[0108]
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In the example of FIG. 17, the pressure sensor PS is
not provided inside the probe card 20, which is not a
limitation. For instance, as shown in the second example
of the first modification of the first embodiment, the
pressure sensor PS may be provided inside the probe card
20. When the pressure sensor PS is provided inside the
probe card 20, the pressure sensor PS is provided in a
layer different from the cushioning material CM (that is,
inside the substrate 21).

[0109]

According to the second modification of the first
embodiment, the prober 6 further indludes a cushioning
material CM, as a result of which the stress concentrated
on the electrodes 16 and 23 due to an overload can be
released to the peripheral region, and damage to the
electrodes 16 and 23 can be suppressed. In this manner,
the deterioration in communication reliability between the
storage wafer and the probe card can be suppressed.

[0110]
1.4.3. Third Modification of First Embodiment

In the above-described first embodiment and the first
and second modifications of the first embodiment, the
electrodes 16 containing a material of nickel (Ni) and/or
gold (Au) and having a plate-like structure have been
described, which is not a limitation. For instance, the
electrodes 16 may contain a material other than nickel

(Ni) and gold (Au). In addition, the electrodes 16 may
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have a structure other than the plate-like structure.
Application examples of the material and structure of an
electrode 16 will be described below with reference to
FIGS. 18 and 19. FIG. 18 is a cross-sectional view showing
different exemplary configurations of electrodes that have
been rearranged according to a third modification of the
first embodiment. FIG. 19 is a diagrém showing the
properties of the different exemplary configurations of
the electrodes that have been rearranged according to the
third modification of the first embodiment.

[0111]

As shown in (A) of FIG. 18, the electrode 16 may have
a porous structure. As shown in (B) of FIG. 18, the
electrode 16 may have a wire structure. As shown in (C) of
FIG. 18, the electrode 16 may have a spring structure. As
shown in (D) of FIG. 18, the electrode 16 may have a ball
structure.

[0112]

With a porous structure, a wire structure, a spring
structure, or a ball structure, the electrode 16 1is
configured to be elastically deformable under a load
applied from the Z direction. Specifically, the electrode
16 having a porous structure, a spring structure, or a
ball structure can contract under a load from the Z
direction. The electrode 16 having a wire structure can be
elastically bent under a load from the Z direction, where

the point connected with the wiring 15 serves as a
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fulcrum. Thus, as shown in FIG. 19, plastic deformation of
the electrode 16 can be suppressed under an overload.
Furthermore, since the elastic deformation can release the
stress concentrated on a specific point of the electrodes
16 to the peripheral region, the abrasion of the
electrodes 16 can be suppressed.

[0113]

The electrodes 16 may also contain conductive carbon,
conductive rubber, or mercury (Hg). The electrodes 16
containing conductive carbon, conductive rubber, or
mercury (Hg) can be easily shaped into any of the above-
mentioned structures. These materials therefore may be
more advantageous than others from the viewpoints of
tolerance to abrasion and tolerance to plastic
deformation. In addition, conductive carbon, conductive
rubber, and mercury (Hg) exhibit properties of being
conductive, having low contact resistance and also being
less likely to be oxidized. Thus, the requirements for an
electrode that electrically connects the storage wafer 10
and the probe card 20 to each other can be satisfied. The
electrodes 16 with conductive rubber further exhibit
properties of being less likely to be corroded and less
likely to produce dust even when the electrodes 23 are
prepared with a different material. For this reason, in
the storage system 3 in which the touch-down process is to
be conducted a plurality of times on the same storage

wafer 10, the electrical characteristics can be easily
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maintained.
[0114]

According to the third modification of the first
embodiment, a structure other than a flat plate is adopted
for the electrodes 16. As the material of the electrodes
16, a material other than gold (Au) and/or nickel (Ni) is
adopted. Thus, even when the touch-down process is
conducted on the same electrode 16 a plurality of times,
the deterioration of the communication reliability can be
suppressed between the storage wafer 10 and the probe card
20.

[0115]

In the above-described example, changes in the
structure and the material of the electrodes 16 have been
discussed, which is not a limitation. For example, instead
of the electrodes 16, the electrodes 23 may have a porous
structure, a wire structure, a spring structure, or a ball
structure. Further, the material of the electrodes 23 may
contain conductive carbon, conductive rubber, or mercury
(Hg) . Even in this case, the same effects as the ones
produced by the electrodes 16 with the changed structure
and material can be produced.

[0116]
2. Second Embodiment

Next, a second embodiment will be described.

[0117]

According to the first embodiment, the electrodes 16A
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and 16B respectively arranged in the regions RA and RB on
the top surface of the storage wafer 10 have been
described. Thé second embodiment differs from the first
embodiment in that the electrodes 16A and 16B are arranged
in a region on the bottom surface and a region on the top
surface of the storage wafer 10, respectively. In the
explanation below, descriptions of the same configurations
and operations as those of the first embodiment will be
omitted, and the configurations and operations that differ
from those of the first embodiment will be mainly
described.

[0118]

2.1. Cross-Sectional Structure of Storage Wafer and Probe
Card

FIG. 20 is a cross-sectional view showing an
exemplary configuration of a storage wafer and a probe
card placed in a prober according to the second
embodiment. FIG. 20 corresponds to FIG. 5 for the first
embodiment.

[0119]

As shown in FIG. 20, the storage wafer 10 includes a
substrate 11, an element layer 12, a plurality of
electrodes 13, a plurality of wirings 15U and 15L, a
plurality of electrodes 16U and 16L, and an insulating
layer 17. In addition to the memory controller chips 200,
the probe card 20 includes a substrate 21, a plurality of

wirings 22U, a plurality of electrodes 23U, and an
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insulating layer 24U. The wafer chuck 33 includes a
plurality of wirings 22L, a plurality of electrodes 23L,
and an insulating layer 24L.

[0120]

The configurations of the substrate 11, the element
layer 12, and the electrodes 13 are the same as those of
the first embodiment, and the description thereof will be
omitted.

[0121]

An insulating layer 17 is provided in such a manner
as to cover the bottom surface and side surface of the
substrate 11, the top surface and side surface of the
element layer 12, and top surfaces of the electrodes 13.
That is, the insulating layer 17 has a top surface located
above the element layer 12 and a bottom surface located
below the substrate 11. The insulating layer 17 may
include polyimide.

[0122]

A plurality of electrodes 16U are provided on the top
surface of the insulating layer 17. The electrodes 16U are
arranged in a region independent of the region in which
the corresponding electrodes 13 (i.e., the corresponding
memory chip units 100) are provided. The electrodes 16U
correspond to the electrodes 16B. The electrodes 16U may
be electrodes for signal communication. The electrodes 16U
include, for example, nickel (Ni) and/or gold (Au).

[0123]
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A plurality of electrodes 16L are provided on the
bottom surface of the insulating layer 17. The electrodes
16L are arranged in a region independent of the region
where the corresponding electrodes 13 are provided. The
electrodes 16L correspond to the electrodes 16A. The
electrodes 16L are, for example, electrodes for voltage
supply. The electrodes 16L include, for example, nickel
(Ni) and/or gold (Au).

[0124]

A plurality of wirings 15U are provided in the
insulating layer 17 in order to electrically connect the
electrodes 16U and the corresponding electrodes 13. The
wirings 15U are re-wirings for rearranging some of the
electrodes 13 into the electrodes 16U. Furthermore, a
plurality of wirings 15L are provided in the insulating
layer 17 to electrically connect the electrodes 16L and

the corresponding electrodes 13. The wirings 15L are re-

wirings for rearranging some of the electrodes 13 into the

electrodes 16L. In the example of FIG. 20, the wirings 15U

and 15L that electrically connect the electrodes 13

(shown) to the electrodes 16U and 16L (not shown) are

omitted. The wirings 15U and 15L include, for example, Cu.

[0125]

On the bottom surface of the substrate 21, a
plurality of electrodes 23U are provided at positions
corresponding to the electrodes 16U. The electrodes 23U

are probe electrodes having a pin shape. A plurality of
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wirings 22U are provided in the substrate 21. The wirings
22U electrically connect the memory controller chips 200
and the electrodes 23U.

[0126]

In addition, an insulating layer 24U is provided on
the regions of the bottom surface of the substrate 21 that
would not interfere with the electrodes 16U. The
insulating layer 24U is configured to be in contact with
the top surface of the insulating layer 17 in the touch-
down process. In this manner, the insulating layer 24U has
a function of distributing the stresses concentrated on
the electrodes 23U and 16U. The insulating layer 24U is,
for example, an insulator such as silicon oxide or
polyimide.

[0127]

A plurality of electrodes 23L are provided on the top
surface of the wafer chuck 33 at positions corresponding
to the electrodes 16L. The electrodes 23L are probe
electrodes having a pin shape. A plurality of wirings 22L
are provided inside the wafer chuck 33. The wirings 22L
electrically connect the voltage source (not shown) and
the electrodes 23L.

[0128]

In addition, an insulating layer 24L is provided on
the top surface of the wafer chuck 33 in a region that
would not interfere with the electrodes 16L. The

insulating layer 24L is configured to be in contact with
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the bottom surface of the insulating layer 17 in the
touch-down process. In this manner, the insulating layer
241, has a function of distributing the stresses
concentrated on the electrodes 23L and 16L. The insulating
layer 24L is, for example, an insulator such as silicon
oxide or polyimide.

[0129]

2.2. Layout of Storage Wafer

Next, the layout of a storage wafer according to the
second embodiment will be described. FIG. 21 is a
schematic diagram showing an electrical connection path
between the memory chip units and the memory controller
chip according to the second embodiment.

[0130]

As shown in FIG. 21, the electrodes 13B are
electrically connected to the electrodes 16U via the
wirings 15U extending upward in the insulating layer 17.
The electrodes 13A are electrically connected to the
electrodes 16L via the wirings 15L extending downward in
the insulating layer 17 in such a manner as to detour
around the element layer 12 and the substrate 11. Unlike
the electrodes 13A and 13B, the electrodes 16L and 16U are
arranged in regions independent of the region where the
corresponding memory chip units 100 are provided. In
partiéular, the electrodes 16L and 16U are arranged in a
region on the bottom surface and a region on the top

surface, respectively, of the storage wafer 10. The
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electrodes 16L are configured to be electrically connected
to the voltage source via the corresponding electrodes 23L
and wirings 22L. The electrodes 16U are configured to be
electrically connected to the corresponding memory
controller chips 200 on the probe card 20 via the
corresponding electrodes 23U and wirings 220U.

[0131]

With the above configuration, the electrodes 16L
corresponding to the electrodes 13A and the electrodes 16U
corresponding to the electrodes 13B can be arranged in two
regions that do not overlap each other.

[0132]
2.3. Effects according to Second Embodiment

According to the second embodiment, the insulating
layer 17 covers the bottom surface and side surface of the
substrate 11 and the top surface and side surface of the
element layer 12. The electrodes 13A are electrically
connected to the electrodes 16L via the wirings 15L
provided in the insulating layer 17. The electrodes 13B
are electrically connected to the electrodes 16U wvia the
wirings 15U provided in the insulating layer 17. The
electrodes 16U are provided on the top surface of the
storage wafer 10. The electrodes 23U corresponding to the
electrodes 16U are provided on the bottom surface of the
probe card 20. The electrodes 16L are provided on the
bottom surface of the storage wafer 10. The electrodes 23L

corresponding to the electrodes 16L are provided on the
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top surface of the wafer chuck 33. With such a
configuration, the electrodes 16U and electrodes 16L that
have pressure thresholds different from each other can be
disposed separately on different surfaces. Therefore, the
pressure applied to the electrodes 16U and the pressure
applied to the electrodes 16L can be easily set in such a
manner as to be different from each other. In addition,
the area of the surface for arranging the electrodes 16
can be ensured to be approximately twice as large as the
configuration of all the electrodes 16 arranged only on
one surface of the storage wafer 10. The area of the
electrodes 16 therefore can be further increased, which
can reduce the load during the touch-down process.
[0133]

Further, the wafer chuck 33 supports a storage wafer
10 with the insulating layer 24L while bringing the
electrodes 23L into contact with the electrodes 23U. The
probe card 20 supports the storage wafer 10 with the
insulating layer 24U, while bringing the electrodes 23U
into contact with the electrodes 23L. As a result, the
prober 6 can increase the contact areas between the
storage wafer 10 and the wafer chuck 33 and also between
the storage wafer 10 and the probe card 20. This can
prevent the storage wafer 10 from being damaged by stress
concentration.
[0134]

2.4. Modifications of Second Embodiment
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In the above second embodiment, probing is conducted
on both surfaces of the storage wafer 10 with the pin-
shaped electrodes 23L provided on the top surface of the
wafer chuck 33, which is not a limitation. For instance,
the electrodes 23L may not be pin-shaped. That is, the
electrodes 23L may be electrically connected to the bottom
surface of the storage wafer 10 by a method other than
probing.

[0135]

FIG. 22 is a cross-sectional view showing an
exemplary configuration of the storage wafer and the probe
card placed in the prober according to a modification of
the second embodiment. FIG. 22 corresponds to FIG. 20 for
the second embodiment. As shown in FIG. 22, the
configuration of the storage wafer 10 is the same as that
of the second embodiment, and the description thereof will
be omitted. Furthermore, the configuration of the probe
card 20 is the same as that of the second embodiment,
except that the insulating layer 24U is not provided.
[0136]

A plurality of wirings 22L for electrically
connecting the voltage source (not shown) and the
electrodes 23L are provided in the wafer chuck 33. A
plurality of electrodes 23L are provided on the top
surface of the wafer chuck 33 at positions corresponding
to the electrodes 16L. The electrodes 23L are used for

voltage supply. The electrodes 23L may be metallic plates.
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[0137]

In the example of FIG. 22, the electrodes 23L that
are metal plates have been described, which is not a
limitation. For instance, the electrodes 23L may have a
ball structure. Alternatively, the electrodes 23L may have
a clip structure that physically clips each of the
electrodes 16L. If the electrodes 23L are provided with
this clip structure, the electrodes 16L may be shaped in
such a manner as to protrude from the outer edge of the
storage wafer 10 so that the electrodes 23L can easily
hold the electrodes 16L.

[0138]

With the above configuration, the storage wafer 10
comes into contact with the wafer chuck 33 in an increased
area. It is therefore possible to suppress an overload on
the electrodes 23L and 16L without requiring an insulating
layer 24L on the top surface of the wafer chuck 33. This
can reduce a manufacturing load for suppressing breakage
of the electrodes 23L and 16L.

[0139]
3. Third Embodiment

Next, a third embodiment will be described.
[0140]

The third embodiment is the same as the second
embodiment in the arrangement of the electrodes in both a
region on the bottom surface and a'region on the top

surface of the storage wafer 10. The third embodiment,
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however, differs from the second embodiment in that the
electrodes in the region on the bottom surface of the
storage wafer 10 and the memory chip units 100 are
electrically connected to each other by using the wirings
provided inside the substrate 11 and the element layer 12.
In the explanation below, descriptions of the same
configurations and operations as those of the second
embodiment will be omitted, and the configurations and
operations different from those of the second embodiment
will be mainly described.

[0141]

3.1. Cross-Sectional Structure of Storage Wafer and Probe
Card

FIG. 23 is a cross-sectional view showing an
exemplary configuration of the storage wafer and the probe
card placed in the prober according to the third
embodiment. FIG. 23 corresponds to FIG. 20 for the second
embodiment.

[0142]

As shown in FIG. 23, the storage wafer 10 includes a
substrate 11, an element layer 12, a plurality of
electrodes 13U and 13L, and a plurality of wirings 18. In
addition to the memory controller chips 200, the probe
card 20 includes a substrate 21, a plurality of wirings
22U, a plurality of electrodes 23U, and an insulating
layer 24U. The wafer chuck 33 includes a plurality of

wirings 22L, a plurality of electrodes 23L, and an
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insulating layer 24L.
[0143]

The configurations of the substrate 11 and the
element layer 12 are the same as those in the second
embodiment, and the description thereof will be omitted.
[0144]

A plurality of electrodes 13U are provided on the top
surface of the element layer 12. Each of the electrodes
13U is provided directly above the corresponding memory
chip unit 100. The electrodes 13U correspond to the
electrodes 13A and 13B. The electrodes 13U may include
aluminum (Al).

[0145]

A plurality of electrodes 13L are provided on the
bottom surface of the substrate 11. The electrodes 13L are
arranged in a region independent of the region where the
corresponding memory chip units 100 are provided. The
electrodes 13L correspond to the electrodes 13A. The
electrodes 13L may include nickel (Ni) and/or gold (Au).
[0146]

In the element layer 12 and the substrate 11, a
plurality of wirings 18 are provided to electrically
connect a portion of the electrodes 13U corresponding to
the electrodes 13A with the electrodes 13L. In the example
of FIG. 23, the wirings 18 electrically connecting the
electrodes 13U that are shown and the electrodes 13L that

are not shown are omitted. The wirings 18 may include
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copper (Cu).
[0147]

The probe card 20 and the wafer chuck 33 have the
same configurations as those of the second embodiment, and
the description thereof will be omitted.

[0148]

In the example of FIG. 23, the electrodes 13U
corresponding to the electrodes 13A and 13B have been
described, which is not a limitation. For example, the
electrodes 13U will suffice if they include at least a
portion corresponding to the electrodes 13B, and the
electrodes 13U may not necessarily include a portion
corresponding to the electrodes 13A. If the electrodes 13U
do not include a portion corresponding to the electrodes
13A, the wirings 18 may electrically connect the
electrodes 13L and the circuit in the memory chip unit
100.

[0149]
3.2. Layout of Storage Wafer

Next, the layout of the storage wafer according to
the third embodiment will be described. FIG. 24 is a
schematic diagram showing an electrical connection path
between the memory chip units and the memory controller
chip according to the third embodiment.

[0150]
As shown in FIG. 24, the electrodes 13A are

electrically connected to the electrodes 13L via the
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wirings 18 extending downward in the element layer 12 and
the substrate 11. Unlike the electrodes 13U, the
electrodes 13L are arranged in a region independent of the
region where the corresponding memory chip units 100 are
provided. In particular, the electrodes 13L are arranged
in a region on the bottom surface of the storage wafer 10.
The electrodes 13L are electrically connected to the
voltage source via the corresponding electrodes 23L and
wirings 22L. The electrodes 13U corresponding to the
electrodes 13B are electrically connected to the
corresponding memory controller chips 200 on the probe
card 20 via the corresponding electrodes 23U and wirings
22T.

[0151]

With the above configuration, the electrodes 13U
corresponding to the electrodes 13A and the electrodes 13L
corresponding to the electrodes 13B can be arranged in two
regions that do not overlap each other.

[0152]
3.3. Effects according to Third Embodiment

According to the third embodiment, the electrodes 13U
correspond to the electrodes 13A and 13B. A portion of the
electrodes 13U corresponding to the electrodes 13B is
electrically connected to the electrodes 13L via the
wirings 18 provided in the substrate 11 and the element
layer 12. The electrodes 13L are provided on the bottom

surface of the storage wafer 10. The electrodes 23L



10

15

20

25

corresponding to the electrodes 13L are provided on the
top surface of the wafer chuck 33. With this
configuration, the electrodes 13U and electrodes 13L that
have mutually different pressure thresholds can be
arranged separately on different surfaces. Therefore, the
pressure applied to the electrodes 13U and the pressure
applied to the electrodes 13L can be easily set so as to
be different from each other. In addition, the area of the
surface for arranging the electrodes 13 can be ensured to
be approximately twice as large as the configuration of
all the electrodes 13 arranged only on one surface of the
storage wafer 10. The area for the electrodes 13
(electrodes 13L in particular) can be further increased,
and the load of the touch-down process can be reduced.
[0153]

Further, the wafer chuck 33 supports a storage wafer
10 with the insulating layer 24L while bringing the
electrodes 23L into contact with the electrodes 23U. The
probe card 20 supports the storage wafer 10 with the
insulating layer 24U while bringing the electrodes 23U
into contact with the electrodes 23L. As a result, the
prober 6 can increase the contact areas between the
storage wafer 10 and the wafer chuck 33 and also between
the storage wafer 10 and the probe card 20. This can
prevent the storage wafer 10 from being damaged by stress
concentration.

[0154]
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The wirings 18 are provided in the substrate 11 and
the element layer 12. The wirings 18 therefore can be
formed at the step of forming the substrate 11 and element
layer 12. Thus, the manufacturing process can be
simplified as compared to the case where the wirings 18
are formed at a step different from the step of forming
the substrate 11 and the element layer 12.

[0155]
3.4. Modifications of Third Embodiment

In the description of the above third embodiment,
probing is conducted on both surfaces of the storage wafer
10 with the pin-shaped electrodes 23L provided on the top
surface of the wafer chuck 33, which is not a limitation.
For instance, the electrodes 23L may not be pin-shaped.
That is, the electrodes 23L may be electrically connected
to the bottom surface of the storage wafer 10 by a method
other than probing.

[0156]

FIG. 25 is a cross-sectional view showing an
exemplary configuration of a storage wafer and the probe
card placed in the prober according to a modification of
the third embodiment. FIG. 25 corresponds to FIG. 23 for
the third embodiment. The configuration of the storage
wafer 10 is the same as that of the third embodiment as
shown in FIG. 25, and the description thereof will be
omitted. Furthermore, the configuration of the probe card

20 is the same as that of the third embodiment, except
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that the insulating layer 24U is not provided.
[0157]

A plurality of wirings 22L are provided in the wafer
chuck 33 to electrically connect the voltage source (not
shown) and the electrodes 23L. A plurality of electrodes
23L are provided on the top surface of the wafer chuck 33
at positions corresponding to the electrodes 16L. The
electrodes 23L are used for voltage supply. The electrodes
23L may be metallic plates.

[0158]

In the example of FIG. 25, the electrodes 23L that
are metal plates have been described, which is not a
limitation. For instance, the electrodes 23L may have a
ball structure. Alternatively, the electrodes 23L may have
a clip structure that physically clips each of the
electrodes 16L. When the electrodes 23L have this clip
structure, the electrodes 16L may be shaped in such a
manner as to protrude from the outer edge of the storage
wafer 10 so that the electrodes 23L can be easily held.
[0159]

With the above configuration, the storage wafer 10
comes into contact with the wafer chuck 33 in an increased
area. It is therefore possible to suppress an overload on
the electrodes 23L and 16L without requiring an insulating
layer 24L on the top surface of the wafer chuck 33. Thus,
a manufacturing load for suppressing breakage of the

electrodes 23L and 16L can be reduced.
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[0160]
4. Fourth Embodiment

Next, a fourth embodiment will be described.
[0161]

In the fourth embodiment, a probe card 20 further
having a function of dissipating the heat of the storage
wafer 10 will be described. In the explanation below, the
descriptions of the same configurations and operations as
those of the first embodiment will be omitted, and the
configurations and operations different from those of the
first embodiment will be mainly described.

[0162]
4.1. Cross-Sectional Structure of Storage Wafer and Probe
Card

FIG. 26 is a cross-sectional view showing an
exemplary configuration of the storage wafer and the probe
card placed in the prober according to the fourth
embodiment. FIG. 26 corresponds to FIG. 5 for the first
embodiment.

[0163]

As shown in FIG. 26, the configuration of the storage
wafer 10 is the same as that of the first embodiment, and
the description thereof will be omitted. In addition to
the memory controller chips 200, the probe card 20
includes a substrate 21, a plurality of wirings 22U, a
plurality of electrodes 23U, and a heat dissipation

mechanism 25. The configurations of the substrate 21, the
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wirings 22 and the electrodes 23 are the same as those in
the first embodiment, and the description thereof will be
omitted. The heat dissipation mechanism 25 includes a
plurality of first portions, a second portion, and a third
portion connecting the first portions and the second
portion.
[0164]

The first portions of the heat dissipation mechanism
25 are provided in a region of the bottom surface of the
substrate 21 that does not interfere with the electrodes
16. The first portions of the heat dissipation mechanism
25 are configured to come into contact with the insulating
layer 14 in the touch-down process. The first portions of
the heat dissipation mechanism 25 therefore can absorb the
heat of the storage wafer 10 while distributing the stress
concentrétion on the electrodes 23 and 16. It is
preferable that an insulator material having a high
thermal conductivity be adopted for the first portions of
the heat dissipation mechanism 25.
[0165]

The third portion of the heat dissipation mechanism
25 1s connected to the first portions of the heat
dissipation mechanism 25 in the substrate 21. The third
portion of the heat dissipation mechanism 25 has a
function of conducting the heat absorbed by the first
portions of the heat dissipation mechanism 25 to the

second portion of the heat dissipation mechanism 25. It is
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preferable that the third portion of the thermal
conductivity of the heat dissipation mechanism 25 be equal
to or higher than that of the first portions of the heat
dissipation mechanism 25. The third portion of the heat
dissipation mechanism 25 may be prepared from the same
material as the first portions of the heat dissipation
mechanism 25. The third portion of the heat dissipation
mechanism 25 may be a conductor such as a metal. If the
third portion of the heat dissipation mechanism 25 is a
conductor, an insulator (not shown) will be provided
between the wirings 22 and the third portion of the heat
dissipation mechanism 25.
[0166]

The second portion of the heat dissipation mechanism
25 is connected to the third portion of the heat
dissipation mechanism 25 on the side of the substrate 21.
The second portion of the heat dissipation mechanism 25
has a function of dissipating the heat from the third
portion of the heat dissipation mechanism 25 to the
outside of the probe card 20. In particular, the second
portion of the heat dissipation mechanism 25 may have a
corrugated structure so that its surface area can be
increased. The second portion of the heat dissipation
mechanism 25 may be a heat sink, a heat pipe, a radiator,
or a Peltier element. It is preferable that the thermal
conductivity of the second portion of the heat dissipation

mechanism 25 be equal to or higher than that of the third
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portion of the heat dissipation mechanism 25. The second
portion of the heat dissipation mechanism 25 may be
prepared of the same material as the third portion of the
heat dissipation mechanism 25. The second portion of the

heat dissipation mechanism 25 may be a conductor such as a

metal.

[0167]
4.2. Effects according to Fourth Embodiment

The effects according to the fourth embodiment will
be described with reference to FIG. 27. The schematic
diagram of FIG. 27 shows an exemplary heat dissipating
operation in the storage system according to the fourth
embodiment.

[0168]

The write and read characteristics of the memory
cells in the storage wafer 10 may vary in accordance with
temperature. For this reason, it is preferable from the
viewpoint of enhancement of the reliability of the data
stored in the storage wafer 10 that the temperature of the
storage wafer 10 be kept constant. It is also preferable
from the viewpoint of prevention of a misalignment between
the electrodes due to expansion and contraction caused by
a temperature change that the temperature of the entire
system including the storage wafer 10 and the probe card
20 be uniformly maintained.

[0169]

According to the fourth embodiment, the probe card 20
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includes a heat dissipation mechanism 25. The heat
dissipation mechanism 25 includes a plurality of first
portions provided in a region not interfering with the
electrodes 16 on the bottom surface of the substrate 21, a
second portion provided on a side of the substrate 21, and
a third portion provided in the substrate 21 and
connecting the first portions and the second portion. As
shown in FIG. 27, the first portions of the heat
dissipation mechanism 25 are configured to come into
contact with the top surface of the storage wafer 10 in
the touch-down process. Thus, the heat generated in the
storage wafer 10 can be released to the outside via the
wafer chuck 33, and can also be released to the side of
the probe card 20 by way of the heat dissipation mechanism
25. It is therefore possible not only to suppress the
temperature rise in the storage wafer 10 that is being
operated, but also to keep the temperature of the entire
system including the storage wafer 10 and the probe card
20 uniform.
[0170]
5. Others

In the first to fourth embodiments and their various
modifications described above, the drive control system 8
configured to move the storage wafer 10 with respect to
the fixed probe card 20 has been described, which is not a
limitation. For instance, the drive control system 8 may

be configured to move the probe card 20 with respect to
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the fixed storage wafer 10. The drive control system 8 may
be configured to move both the storage wafer 10 and the
probe card 20.

[0171]

In the above-described first to fourth embodiments
and various modification examples, the memory chip units
100 being a NAND flash memory has been described, which is
not a limitation. For instance, the memory chip unit 100
may be a non-volatile memory other than a NAND flash
memory. For instance, the memory chip unit 100 may be a
NOR flash memory or an electrically erasable programmable
read only memory (EEPROM™) .

[0172]

In the above-described first to fourth embodiments
and their various modifications, a storage wafer including
a plurality of memory chip units is placed in the prober
6, which is not a limitation. For instance, a wafer
including a plurality of chip units each having a function
other than a memory may be placed in the prober 6.

[0173]

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 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.
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WHAT IS CLAIMED IS:

1. A wafer comprising:

a substrate including a first region and a second
region that do not overlap each other;

a first chip unit and a second chip unit each
arranged on thersubstrate;

a first electrode and a second electrode each
electrically connected to the first chip unit; and

a third electrode and a fourth electrode each
electrically connected to the second chip unit,

wherein the first electrode and the third electrode
are arranged in the first region,

the second electrode and the fourth electrode are
arranged in the second region, and

the first region is independent of a region in which
the first chip unit and the second chip unit are provided.

2. The wafer according to claim 1, further
comprising:

a fifth electrode configured to electrically connect
the first electrode and the first chip unit;

a sixth electrode configured to electrically connect
the second electrode and the first chip unit;

a seventh electrode configured to electrically
connect the third electrode and the second chip unit; and
an eighth electrode configured to electrically

connect the fourth electrode and the second chip unit.

3. The wafer according to claim 2, wherein
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the first region and the second region are included
in a region of the substrate viewed from a first surface
side of the substrate.

4. The wafer according to claim 3, further
comprising:

a first insulating layer arranged between (i) the
first electrode, the second electrode, the third
electrode, and the fourth electrode and (ii) the fifth
electrode, the sixth electrode, the seventh electrode, and
the eighth electrode,

wherein the first insulating layer contains
polyimide.

5. The wafer according to claim 2, wherein

the first region is included in a region of the
substrate viewed from a first surface side of the
substrate, and

the second region is included in a region of the
substrate viewed from a second surface side of the
substrate opposing the first surface.

6. The wafer according to claim 5, further
comprising:

a second insulating layer including a first portion
arranged between (i) the first electrode and the third
electrode and (ii) the substrate, a second portion
arranged between (iii) the second electrode and the fourth
electrode and (iv) the fifth electrode, the sixth

electrode, the seventh electrode, and the eighth
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electrode, and a third portion arranged on a side surface
of the substrate and connecting the first portion and the
second portion to each other,

wherein the second insulating layer contains
polyimide.

7. The wafer according to claim 1, wherein

the first electrode, the second electrode, the third
electrode, and the fourth electrode each contains
conductive carbon, conductive rubber, or mercury.

8. The wafer according to claim 1, wherein

the first electrode, the second electrode, the third
electrode, and the fourth electrode each has a plate
structure, a wire structure, a ball structure, a spring
structure, or a porous structure.

9. The wafer according to claim 1, wherein

the first electrode and the third electrode are for
electric power supply, and

the second electrode and the fourth electrode are for
signal communication.

10. A prober comprising:

a supporting member configured to support a wafer;

a probe card including a first electrode arranged in
a first region and a second electrode arranged in a second
region, the probe card being positioned opposite the
supporting member with respect to the wafer supported by
the supporting member;

a torque mechanism configured to bring the first
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electrode and the second electrode into contact with the
wafer supported by the supporting member;

a pressure sensor configured to measure a pressure
distribution including a first pressure in the first
region and a second pressure in the second region; and

a controller,

wherein in an operation of bringing the first
electrode and the second electrode into contact with the
wafer supported by the supporting member, the controller
is configured to drive the torque mechanism based on the
pressure distribution such that the first pressure and the
second pressure differ from each other.

11. The prober according to claim 10, wherein

the first region is positioned outside the second
region on a contact surface between the wafer and the
probe card, and

the first pressure is higher than the second
pressure.

12. The prober according to claim 10, further
comprising:

a first cushioning material corresponding to the
first region; and

a second cushioning material corresponding to the
second region, the second cushioning material differing
from the first cushioning material.

13. The prober according to claim 12, wherein

the first cushioning material and the second
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cushioning material each has a porous structure or a
spring structure.

14. The prober according to claim 12, wherein

the first cushioning material and the second
cushioning material are provided in the supporting member.

15. The prober according to claim 12, wherein

the first cushioning material and the second
cushioning material are provided in the probe card.

16. The prober according to claim 12, wherein

the first cushioning material and the second
cushioning material are positioned opposite the supporting
member with respect to the probe card.

17. The prober according to claim 12, further
comprising:

a heat dissipation mechanism including a first
portion provided on a region of a bottom surface of the
probe card other than the first electrode and the second
electrode, a second portion provided on a side of the
probe card, and a third portion provided in the probe card
and connecting the first portion and the second portion to
each other,

wherein at a time of bringing the first electrode and
the second electrode into contact with the wafer, the
first portion of the heat dissipation mechanism is
configured to be in contact with the wafer.

18. A prober comprising:

a supporting member including a first electrode and
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configured to support a wafer while bringing the first
electrode into contact with the wafer;

a probe card including a second electrode and being
positioned opposite the supporting member with respect to
the wafer supported by the supporting member; and

a torque mechanism configured to bring the second
electrode into contact with the wafer supported by the
supporting member.

19. The prober according to claim 18, wherein

the first electrode and the second electrode are pin-
shaped, and

the prober further comprises:

a first insulator provided on a region of a top
surface of the supporting member that excludes the first
electrode; and

a second insulator provided on a region of a bottom
surface of the probe card that excludes the second
electrode.

20. The prober according to claim 18, wherein

the first electrode has a plate structure, a clip

structure, or a ball structure.



