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CHARGE SHARING TESTING OF THROUGH-BODY-VIAS
BACKGROUND
Description of Related Art

Integrated circuits typically include various active and passive circuit elements which have been
integrated into a piece or substrate of semiconductor material, often referred to as a die. The die may, in turn, be
fully or partially encapsulated into a package, which often includes a ceramic or plastic substrate although other
materials may be used. The package mechanically supports and protects the die which is often relatively fragile.

These packages are usually attached to a printed circuit board through their second level interconnects,
which often are pins, balls or other connectors arranged along the exterior of the package. The package may be
attached directly to the printed circuit board, often by soldering or other connection techniques. In some
applications, the package may not connect directly to the printed circuit board. Instead, an interposer or socket or
other device may provide an intermediate connection between the package and the printed circuit board.

Conductors of the package typically provide separate electrical connection terminals between the printed
circuit board (or interposer or socket), and the various inputs and outputs of the integrated circuit or circuits within
the package. An integrated circuit die often has electrical connectors such as solder bumps to mechanically and
electrically connect the integrated circuit die to the package substrate. Solder bumps or other electrical connectors
may also be used to mechanically and electrically connect an integrated circuit die to one or more other such dies in
a stack arrangement. In this manner, an electronic system can be formed by connecting various integrated circuit
dies to a printed circuit board.

Before an integrated circuit die is placed in a package or in a stack of dies, the die is often tested. A
process in which a die on a wafer is tested is commonly referred to as "wafer sort." Wafer sort testing may occur at
various stages of die processing. One such testing stage may occur after the front side of the wafer or die is
processed. The side of the die on which the integrated circuit is formed is typically referred to as the front side of
the die. Another testing stage may occur after processing of the back side of the wafer or die. Formation of metal
conductors in signal redistribution layers on the back side of the die is often referred to as back side processing.

Wafer sort testing typically involves the use of probing technology wherein mechanical probes extending
from a probe card engage electrical contact features on a die, and connect the contact features to a tester of a testing
apparatus. During testing, a handler is frequently used to support the wafer on a platform or chuck and positions
the wafer so as to precisely align the die bumps, bond pads or other electrical contact features of a die to be tested
with the probe features on the probe card.

A staging device typically positions the chuck along an x-y plane by moving along a stage floor on an
actuator assembly such as a ball screw stage assembly or magnetic air bearing, for example. The chuck typically
comprises a vacuum chuck wherein the wafer being tested is held in position by drawing a vacuum within a plurality
of interconnecting channels that are formed within the surface of the chuck. Once aligned, the chuck is raised via
rods such that the contact features of the die are forced against the probe features on the probe card.

To activate the circuitry on the die, power signals including voltage and ground signals, and input signals
including control, address, clock and data signals are supplied to die bumps, bond pads or other electrical contact
features of a die which may be positioned on the front side, back side, or both sides of the device. Signals generated
by the integrated circuit device in response to the supplied signals may be received by probes of the probe card and

may be recorded and analyzed by the tester.
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An mwegratca circuit device packaged in a package may be tested as a whole by plugging the device into a
test socket of a test board which provides suitable test signals to the input pins of the device to test the operation of
the device. Signals generated by the device in response to the supplied signals may be received by the test socket

from the output pins and may be recorded and analyzed by the test board.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference numbers represent corresponding parts
throughout:

FIG. 1 illustrates one embodiment of a die having a through-body-via and a through-
body-via testing circuit in accordance with the present description;

FIG. 2 is a cross-sectional view of the through-body-via of FIG. 1;

FIG. 3 illustrates one example of a stack of dies having through-body-via testing circuits
in accordance with the present description;

FIG. 4 schematically illustrates a testing apparatus for testing dies in accordance with one
embodiment of the present description;

FIG. 5 is a schematic illustration of the front side of one embodiment of a die having a
through-body-via testing circuit in accordance with the present description;

FIG. 6 illustrates operations in accordance with one embodiment for testing through-
body-vias of a die in accordance with the present description;

FIG. 7 illustrates one example of a through-body-via testing circuit in accordance with
the present description, which includes I/O buffers coupled to through-body-vias;

FIG. 8a is a schematic diagram illustrating an example of a setting voltage level operation
for a pair of I/O pads of a pair of I/O buffers in accordance with an operation of FIG. 6;

FIG. 8b is a schematic diagram illustrating an example of a charge redistribution
operation for a pair of I/O pads of a pair of I/O buffers in accordance with an operation of FIG. 6;

FIG. 9a-9c¢ illustrate examples of results of charge redistribution operations for a pair of
I/O pads of a pair of I/O buffers in accordance with an operation of FIG. 6;

FIG. 10 illustrates one example of an equation representing a common voltage resulting
from a charge redistribution operation for a pair of I/O pads of a pair of I/O buffers, as a function
of the ratio of the capacitance loads of the pair of I/O pads;

FIG. 11 is a table representing various scenarios of the results of charge redistribution
operations as a function of the resultant logic states of receivers of the 1/0 buffers of FIG. 7;

FIGs. 12a and 12b illustrate examples of test patterns being applied to transmitter circuits
of I/O buffers having a through-body-via testing circuit in accordance with one embodiment of the
present description;

FIG. 13 illustrates propagation of results data for comparisons of I/O buffers of FIGs.
12a, 12b;

FIG. 14 illustrates one example of timing of through-body-via testing operations in
accordance with the operations of FIG. 6; and

FIG. 15 illustrates an embodiment of a system utilizing a die having a through-body-via

testing circuit in accordance with one embodiment of the present description.
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ver Ay YJESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
In the following description, reference is made to the accompanying drawings which form a part hereof
and which illustrate several embodiments of the present disclosure. It is understood that other embodiments may be
utilized and structural and operational changes may be made without departing from the scope of the present
description.

In accordance with one aspect of the present description, a plurality of through-body-vias such as through-
silicon-vias, for example, may be tested in parallel for defects in a charge sharing process. As explained in greater
detail below, it is recognized that a through-body-via presents a capacitive load to a circuit such an in input/output
buffer. A defect such as an open condition of the through-body-via may be detected by estimating the capacitance
of a circuit feature such as an input/output circuit which includes a through-body-via. In one embodiment, the
charge sharing process includes setting the voltage levels on two or more through-body-vias at different voltage
levels, and allowing the charges on the through-body-vias to redistribute among them to a common voltage level. It
is recognized that the level of the common voltage provides an estimation of the relative capacitances of the
through-body-vias and hence may be utilized in determining whether one or more of the through-body-via has a
defect such as an open condition, for example, as a function of the level of the common voltage.

FIG. 1 is a schematic diagram depicting one example of a portion of a die 120 having a through-body-via
112 and an integrated through-body-via testing circuit 123 in accordance with the present description, which may be
utilized in determining whether the through-body-via has a defect such as an open condition, for example.
Although one through-body-via 112 is depicted, it is appreciated that a die may have tens, hundreds or more such
through-body-vias, depending upon the application.

The through-body-via 112 is conductive and passes vertically through the body 114 of a die 120 from the
front side 122a (FIG. 2) of the die to the back side 122b of the die 120. Each through-body-via 112 is generally
cylindrical (three-dimensional) in shape and is formed by depositing a conductive metal in a cylindrically-shaped
passageway which passes from the front side 122a of the die to the back side 122b of the die 120. It is appreciated
that a through-body-via may have other shapes, depending upon the particular application.

In FIG. 1, the semiconductor material 125 (FIG. 2) of the die 120 has been omitted for clarity. In the
illustrated embodiment, the semiconductor material 125 is silicon such that the through-body-via 112 is a through-
silicon-via. However, it is appreciated that the body of a die may be made of other types of materials. including
semiconductor materials such as germanium and nonsemiconductor materials.

As shown in FIG. 2, a barrier/liner layer 124 may be deposited of suitable barrier or liner (or both)
materials, on the walls of the passageway in the body 114, and between the semiconductor material 125 of the body
114 and the conductive material of the through-body-via 112. An example of such a barrier/liner layer 124 is a
dielectric or insulative layer such as silicon dioxide, for example. It is appreciated that other materials may be used,
depending upon the particular application.

In the illustrated embodiment, the body 114 of the die 120 includes the bulk crystalline silicon portion of
the silicon die 120, and doped semiconductor regions of integrated circuits formed on the die 120. Tt is appreciated
however, that in some embodiments, such as in silicon interposers, for example, the die 120 may lack any active
components. The front side 122a of the die 120 is supported by the front side of the body 114, and includes
deposited metallization layers separated by deposited insulation layers. Vias formed through the insulation layers
are used to interconnect the metallization layers of the integrated circuits.

An integrated circuit typically has many metal interconnect layers which are interconnected with vias of

typically nanometer dimensions. Advanced integrated circuits can have in excess of 10 levels of interconnect metal
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ayers on we o stae of the die. These are typically referred to as M1, M2, ...M10, etc. where M1 is metal layer
closest to the transistors while M 10 (or higher) is the metal layer closest to the exterior of the die.

In this embodiment, a plurality of conductors 128 deposited in metallization and insulation layers on the
front side 122a of the die, electrically couples the front side end 126 of the through-body-via 112, to a contact pad
conductor 127 and to a conductor 130 on the front side 122a of the die. The conductors 128 may take any suitable
form. For example, the conductors 128 may include conductive metal plates formed in a metallization layer, and
conductive metal through-layer-vias formed in an insulation layer separating adjacent metallization layers. The
conductors 128 connect to each other to pass current between the front side end 126 of each through-body-via 112,
to the contact pad conductor 127. The conductor 130 on the front side of the of the die 120 may couple the
through-body-via 112 to the testing circuit 123 and to other circuits on the front side 122a of the die 120 such as an
I/O buffer, for example. The arrangement of conductors on the front side of the die associated with the through-
body-via may vary, depending upon the particular application. For example, in some applications, a through-body-
via may lack a front side contact pad conductor 127.

The back side 122b of the die 120 is supported by the back side of the body 114, and similarly includes
deposited metallization layers separated by deposited insulation layers. Conductors formed in the metallization
layers and through the insulation layers on the back side 122b are used to redistribute signals to or from the
integrated circuits on the die 120.

A back side end 150 of the through-body-via 112 is electrically coupled to a back side contact pad
conductor 160 by a conductor 162 formed by metallization traces on the back side 122b of the die 120. The
metallization traces of the conductors may be formed in one or more redistribution layers on the back side 122b of
the die 120. In the illustrated embodiment, the contact pad conductors 127, 160 electrically coupled to the through-
body-via 112, may be coaxially aligned with the through-body-via 112, or may be offset with respect to the through-
body-via 112, depending upon the particular application.

In one application, the through-body-via 112 may be coupled to an I/O buffer on the front side of the die
120 and the contact pad conductor 160 may function as a contact pad for the I/O buffer. As explained in greater
detail below, the I/O buffer forms a part of the testing circuit 123 in the illustrated embodiment. It is appreciated
that the through-body-via 112 may be coupled to other types of circuitry on the die, depending upon the particular
application.

FIG. 3 shows one example of a stack 180 of interconnected dies 120a, 120b, 120¢, 184 which may have
any suitable integrated circuits including processors, memory, and input/output circuits. In this example, the dies
120a, 120b, 120c are similar to the die 120 of FIG. 2, and thus each die 120a, 120b, 120c¢ has a plurality of through-
body-vias 112 with associated front side and back side contact pad conductors similar to the contact pad conductors
127, 160 of FIG. 2.

The contact pad conductor of a through-body-via 112 of one die 120a, 120b, 120¢ may be electrically
connected to a contact pad conductor of a through-body-via 112 of an adjacent die 120a, 120b, 120c¢ of the stack
180 by suitable connectors such as solder balls 188. It is appreciated that other conductors may be used to
electrically connect the through-body-vias 112 of the stack 180 together, depending upon the particular application.
In the illustrated embodiment of FIG. 3, the through-body-vias 112 may be electrically connected to a coaxially
aligned through-body-via 112 of an adjacent die, or may be electrically connected to an axially offset through-body-
via 112 of an adjacent die, or may be electrically coupled to a die or die portion lacking a through-body-via as
shown for the die 184, for example.

Also in the illustrated embodiment, the through-body-vias are depicted as interconnecting a stack of dies.
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1L 18 appreciaey wal embodiments in accordance with the present description may have through-body-vias in other
applications such as interconnecting a die to a package or package substrate, or other applications.

During the manufacturing process, it is recognized that, due to various factors, some through-body-vias
such as through-silicon-vias, may be imperfectly formed such that one or more may contain defects such as shorts,
pin holes, open circuits, or other defects. Thus, before the dies are assembled in a stack of dies or assembled in a
package, dies are frequently tested to confirm the structural integrity and proper operation of various components of
the devices formed in and on the die.

Various techniques have been used or proposed for testing die components such as through-body-vias. For
example, it is believed that electrical shorts of through-silicon-vias may be tested with known on die input/output
methods. Many of such tests are performed on a die by directly contacting conductor bumps, conductor contact
pads, or other conductors on the die to input test signals and receive test data in return.

However, it is recognized herein that known testing techniques may not be well suited to testing some
defects of through-silicon-vias, such as open circuit conditions of through-silicon-vias, for example. More
specifically it is recognized herein that an appropriate test of an open circuit condition for a through-silicon-via may
include a reliable estimation of pad capacitance of the through-silicon-via. However, because the “pitch”, that is,
the distance between adjacent through-silicon-vias may be quite small in many dies, direct probing of the through-
silicon-via contact pads may be difficult to achieve. For example, the microprobes may be too large to readily
contact individual through-silicon-via contact pads. Moreover, many through-silicon-vias are frequently relatively
fragile. As a result, direct mechanical contact between a through-silicon-via contact pad and a probe may damage
the contact pad.

Accordingly, it is recognized herein that an appropriate testing technique for a through-silicon-via or other
through-body-via may avoid direct probing of the through-silicon-via contact pads. One approach to avoiding
direct probing of a particular circuit or circuit element is to use testing circuitry formed on board the die. On-board
testing circuitry, often referred to in general as design for test (DFT) circuitry, can in response to test input signals
provided by a probe, input pin or other external conductor, provide test input signals to the die circuit or component
to be tested. In addition, such on board testing circuitry can receive test output data in return which can be
processed and output through a probe, output pin or other external conductor.

However, many known testing interfaces typically do not have analog references, analog circuits, or
compensations for driver strength. Also known testing interfaces typically lack sophisticated receivers and instead
typically have simplistic receivers with hysteresis. As a result, it is believed that these known techniques for on-
board testing of a die are not well suited for testing certain through-silicon-via defects such as an open circuit
condition, for example, particularly in a high volume manufacturing setting.

In accordance with one aspect of the present description, testing circuitry on board a die provides for
capacitance testing a plurality of through-body-vias in parallel for defects as a function of the respective
capacitances of the through-body-vias. In the illustrated embodiment, the capacitance testing includes a charge
sharing process which includes setting the voltage levels on a pair of through-body-vias at different voltage levels,
and allowing the charges on the through-body-vias to redistribute between them to a third, common voltage level.
As explained in greater detail below, such a test may be utilized in determining whether one or more of the through-
body-vias of the pair has a defect such as an open condition, for example, as a function of the level of the third,
common voltage. Although the illustrated embodiment depicts sharing charges between a pair of input/output
circuits, each of which includes a single through-body-via, it is appreciated that a charge sharing testing procedure

in accordance with the present description may be applied to share charges among more than two circuit features
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naving Lrougn-oody-vias at a time, depending upon the particular application.

In the illustrated embodiment of FIGs. 1-3, each die 120, 120a, 120b, 120c¢ has one or more on-board
testing circuits 123 (FIG. 1) which perform parallel capacitance testing of through-body-vias for defects. In the
example of the die 120, a conductor 130 (FIGs. 1, 2) on the front side 122a of each die connects such a through-
body-via testing circuit 123 to a vertical front side connector such as the conductor 128, to the through-body-via
112 to test the through-body-via 112 and its associated conductors 128, 130, 162 and conductor contact pads 127,
160.

A complex integrated circuit such as a microprocessor, or memory, for example, may have hundreds of
circuits (or more) to be individually tested. Accordingly, testing of dies is often automated.

FIG. 4 depicts one example of an automated testing apparatus 200 in accordance with one embodiment of
the present description. Other testing apparatus may be used, depending upon the particuar application. The
testing apparatus 200 includes a test controller or tester 210, and a test head 212. A probe card 214 may be secured
by the test head 212 which electrically couples the test controller 210 to the probe card 214. A die to be tested such
as the die 120 is secured by a chuck 232 of a handler 234. The die may be part of a wafer or may have already been
cut from the wafer. During testing, the handler 234 under the control of the test controller 210, positions the die so
as to precisely align the die bumps, bond pads or other electrical contact features 236 of the die 120 with
corresponding mechanical probes 240 of the probe card 214. At the start of the test process, the handler 232 raises
the die 120 so that selected electrical contact features 236 of the die 120 physically contact and make electrical
connection with corresponding mechanical probes 240 of the probe card as shown in FIG. 1.

In this embodiment, some of the mechanical probes 240 are used to supply power (e.g. voltage) and ground
signals to the die 120. Thus, although two mechanical probes 240 are depicted in the schematic diagram of FIG. 4,
an actual probe card may have hundreds of such mechanical probes for applying power and ground signals to a die
120 such as the die 120 shown in FIG. 5. Still further, many of the mechanical probes may be used to send test
signals including test pattern data and test control and timing signals to one or more die bumps or other electrical
features on the die 120. Also, many of the mechanical probes may be used to receive test signals including test
result data from one or more die bumps or other electrical features on the die 120. Such test operational data may
include Joint Test Action Group (JTAG) signals, reset signals and clock signals, for example.

In the embodiment of FIG. 5, the die 120 has a number of separate circuit portions 250a, 250b ... 250n
which may include on-board testing circuits 123 and through-body-vias 112 to be tested, where n may be in the
tens, hundreds or more, in an active region 260. Accordingly, the die 120 may have hundreds of electrical contact
features 236 such as die bumps to receive power, ground and test signals from the probes 240 of the probe card 214,
Also, the die 120 may have many electrical contact features 236 such as die bumps to transmit test data signals to
the probes 240 of the probe card 214. However, dies to be tested in other applications may have a greater or fewer
number of electrical contact features, depending upon the particular application.

A through-body-via testing circuit 123 may be used to test one or more separate circuit portions 250a, 250b
... 250n and their associated through-body-vias to be tested. Thus, one or more separate circuit portions 250a, 250b
... 250n may share a through-body-via testing circuit 123. Thus, a die 120 may have one through-body-via testing
circuit 123 or may have many through-body-via testing circuits 123 for testing the through-body-vias of the
separate circuit portions 250a, 250b ... 250n, depending upon the particular application. However, it is appreciated
that a capacitance testing circuit in accordance with the present description may be used to test circuit devices and
structures, other than through-body-vias, depending upon the particular application.

In the illustrated embodiment, the through-body-via testing circuit 123 (FIG. 1) may include circuit
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poruons sucn as 1 puffers which are used in normal operations of the circuitry of the die. The through-body-via
testing circuit 123 (FIG. 1) may also include circuit portions which are used primarily to test the through-body-vias
of the die 120 during one or more portions of the manufacturing process, such as during wafer sort testing, for
example. Accordingly, a portion of through-body-via testing circuit 123 may not be intended to be used during
normal operation of the die. Thus, if the die 120 is a memory die, for example, once the die 120 has been tested,
attached to one or more other dies, and packaged, a portion of the testing circuit 123 may be covered by packaging
and may not be operated again either by the manufacturer or by the consumer when using the die 120 to perform the
memory function. It is appreciated however that in some applications, the entire through-body-via testing circuit
123 may be used in normal (non-testing) operations of the die 120.

FIG. 6 illustrates one embodiment of operations for testing through-body-vias of a die using a capacitance
testing circuit. In one operation, testing of a plurality of through-body-vias is initiated (block 300). In the illustrated
embodiment, the testing includes capacitance testing through-body-vias in parallel for a defect as a function of the
capacitances of the through-body-vias. The testing may be initiated by providing suitable test signals to the
through-body-vias testing circuit 123 through a mechanical probe as depicted in FIG. 4. However, it is appreciated
that testing may be initiated using other techniques such as providing suitable test signals to the through-body-via
testing circuit 123 through an external pin received in a test socket, for example. Other examples include internally
providing test signals to the through-body-via testing circuit 123 to initiate testing in a self test. Other techniques
may be used to initiate testing, depending upon the particular application.

Upon initiation of testing, in a charge sharing process, voltage levels on a pair of through-body-vias are set
(block 310, FIG. 6) at different voltage levels. FIG. 7 depicts an example of a pair of through-body-vias 112a,
112b, each of which is coupled to a respective I/O buffer 322a, 322b of the testing circuit 123. In the illustrated
embodiment, the I/O buffers 322a, 322b are used during normal operation of the circuitry of the die but also form a
portion of the testing circuit 123. The back side contact pads 160a, 160b connected to the through-body-vias 112a,
112b, respectively, are the I/O pads of the I/O buffers 322a, 322b. Thus, the I/O buffer 322a has input/output
conductors 323a which includes conductor 130a, through-body-via 112a and back side contact pad 160a. Similarly,
the I/O buffer 322b has input/output conductors 323b which includes conductor 130b, through-body-via 112b and
back side contact pad 160b.

In one aspect of the present description, it is recognized that the capacitance exhibited at a through-body-
via such as the through-body-via 112a, is a function of the capacitance of the various input/output conductors 323a
including the conductor 130a, the through-body-via 112a and the back side input/output contact pad 160a. The total
capacitance exhibited at the input/output conductors 323a is represented by the capacitor Cpaq o depicted in FIG. 8a.
Similarly, the total capacitance exhibited at the input/output conductors 323b including the conductor 130b, the
through-body-via 112b and back side input/output contact pad 160b, is represented by the capacitor C,.q » depicted
in FIG. 8a.

To set the voltage levels on the input/output conductors 323a, 323b including the through-body-vias 112a,
112b, respectively, a switch 324 of the testing circuit 123 is opened as shown in FIGs. 7 and 8a. In addition, a logic
“1” is applied to a transmitter cell 326a of the I/O buffer 322a, which turns on a transistor switch 328 (FIG. 8a) of
the transmitter cell 326a, allowing current to flow to the capacitance load C,.q o Which includes the through-body-via
112a (FIG 7). The transistor 332 of the cell 326a is in the off condition as represented by the dashed lines in FIG.
8a. As aresult, the capacitance load Cpqq » including the through-body-via 112a is precharged to a first voltage level
330 representing a logic “1” value as shown in FIG. 9a. Conversely, a logic “0” is applied to a transmitter cell 326b

of the I/O buffer 322b, which turns on a transistor switch 332 (FIG. 8a) of the transmitter cell 326b, allowing current



10

15

20

25

30

35

40

WO 2014/003793 PCT/US2012/045103
w now trom we capacitance load Cpaq » Which includes the through-body-via 112b (FIG 7), through the transistor
switch 332. The transistor 328 of the cell 326b is in the off condition as represented by the dashed lines in FIG. 8a.
As aresult, the capacitance load C,q4 p including the through-body-via 112b is discharged to a second, lower voltage
level 336 representing a logic “0” state as shown in FIG. 9a. As used herein, the term “buffer” refers to an
amplifier or other circuit to transfer a voltage.

After the voltage levels on the pair of through-body-vias 112a, 112b and associated conductors have been
set (block 310, FIG. 6) at different voltage levels, the I/O buffers 322a, 322b may be placed in a high impedance
state such that the transistors 328, 332 of the cell 326a and the transistors 328 and 332 of the cell 326b are in the off
condition as represented by the dashed lines in FIG. 8b. In addition, the switch 324 may be closed as shown in FIG.
8b, electrically coupling the I/O pads 160a, 160b and their associated through-body-vias 112a, 112b together,
allowing the charges on the capacitance loads Cpaq a, Cpad » 10 redistribute (block 340, FIG. 6) themselves between
the capacitance loads Cpaq s, Cpad b 10 arrive at a third, common voltage level, which is between the first and second
voltage levels 330, 336. In one aspect of the present description, it is recognized that the level of the common
voltage resulting from the charge redistribution is a function of that ratio of the capacitance loads Cpag a Cpad b-
Thus, it is further recognized that the level of the common voltage provides an estimation of the relative
capacitances of the through-body-vias 112a, 112b and hence may be utilized in determining as a function of the
level of the common voltage, whether one or more of the through-body-vias 112a, 112b has a defect such as an
open condition, for example. Thus, a determination is made (block 350) as a function of the common charge
redistribution voltage, as to whether a defect exists in a one or both of the through-body-vias.

As set forth above, it is recognized that the total capacitance C,,q at a circuit feature having a through-
body-via such as the through-body-via 112, is a function of the capacitance of various conductors at that feature
including the through-body-via 112 .. Thus, in the illustrated embodiment, the total capacitance C,,q at the
conductor 130 to the through-body-via 112 is a function of the capacitance C, that is, the capacitance of the
transmitter circuit 364, the capacitance C,, that is, the capacitance of the receiver circuit 366, the capacitance Cegg,
that is, the capacitance of diodes (not shown) for electro static discharge (ESD) protection, the capacitance Ciye, that
is, the capacitance of connectors such as the conductors 127, 128, 130 on the front side 122a of the die 120, the
capacitance Ci,, that is, the capacitance of the through-body-via 112, the capacitance C.q, that is, the capacitance of
the redistribution layer conductors such as the conductor 162, and the capacitance Cyyaq, that is, the capacitance of
the pad 160 on the back side 122b of the die 120. Thus, the total capacitance C,4q at the conductor 130 to the
through-body-via 112, may be represented as follow:

Cpaa = Cix + Cix + Coa + Cinge + Gy + Crr+ Coipad

These contributions can be grouped into two components:

Cpaa = Cio T Cigv g0t
where Cy, = Cix + Cix + Cogq + Cinter ad. Cisy 4ot = Cisv T Crat + Coppad
It is recognized herein that the capacitance Cy, represents those capacitive components which are typically
substantially independent of defects that may be caused by defects of the processing which forms the through-body-
via itself or the back side layers. Thus, it is recognized herein that the capacitive components of the capacitance of
the transmitter circuit 364 (Cy,), the capacitance of the receiver circuit 366 (C,,), the capacitance C.q, that is, the
capacitance of diodes (C.q) for electro-static discharge protection, and the capacitance of connectors such as the
conductors 127, 128, 130 (Ciy.), on the front side 122a of the die 120, are typically substantially independent of
defects that may be caused by defects of the processing which forms the through-body-via itself.

It is further recognized that the existence and proper operability of those components which contribute to the
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capdacilance Ly, 1ay oc confirmed using known testing techniques. Thus, the existence and operability of an I/O
buffer and its receiver circuit 366 and its transmitter circuit 364 may be confirmed using known testing techniques.
Similarly, existence and operability of the conductors 127, 128, 130 (Ciye), on the front side 122a of the die 120
may be confirmed using known testing techniques.

Conversely the capacitance Cyy 1t represents the capacitances of those components which are more likely
to be affected by defects caused by the processing which forms the through-body-via 112 as well as the
redistribution layer and contact pad on the back side 122b of the die. Thus, the capacitive components of the
capacitance Ci, of the through-body-via 112, the capacitance C,q; of the redistribution layer connector 162, and the
capacitance Cypaq 0f the connector pad 160, are believed to be more likely to be affected by defects caused by the
processing which forms the through-body-via 112 as well as the redistribution layer and contact pad on the back side
122b of the die.

Accordingly, an indication of a defect in those components contributing capacitance to the capacitance
Cisv 1o may be obtained by obtaining a measurement of the capacitance Ciy or associated with conductors including a
through-body-via such as a through-silicon-via. In the illustrated embodiment, the through-body-vias 112a, 112b
and their associated I/O buffers 322a, 322b are neighboring components of the same design. Hence, those
components contributing to the total capacitance C,aq 4 (at the conductor 130a to the through-body-via 112a) and the
total capacitance Cpaq b ( at the conductor 130b to the through-body-via 112b) may be modeled in a substantially
similar manner. Hence, the total capacitance Cpaq , €xhibited at the conductor 130a to the through-body-via 112a,
and the total capacitance Cyqq » exhibited at the conductor 130b to the through-body-via 112b, may like the total
capacitance C,,q exhibited at the conductor 130 to the through-body-via 112, be represented in the same manner:

Cpad a = Cito a T Cisv ot s

Coad b = Cio b T Cisv ot b

As previously mentioned, it is recognized that the level of the common voltage resulting from the charge
redistribution is a function of the ratio of the capacitance loads Cpaq 4, Cpaa b.  FIG. 10 depicts the common voltage
designated as V.4 expressed as a function of the ratio of the capacitance loads Cpaq a, Cpad b Where Cpag o = Cip o+
Cisv ot a and Cpag b = Cyo b T Csv 1ot b. A receiver of the 1/O buffer may be used to detect the level of the common
voltage as V,.q. For example, a receiver cell 370a, 370b of the receivers 366 of the 1/0 buffers 322a, 322b, includes
a comparator circuit which may be used to detect a logic state of the common voltage V4. In the illustrated
embodiment, a logic “1” output of the receiver cell 370a, 370b changes logic state to a logic “0” as the input voltage
to the cell 370a, 370b transitions from a high voltage to a lower voltage which is lower than a threshold level Vi 1o
(FIGs. 92-9¢). Conversely, a logic “0” output of the receiver cell 370a, 370b changes logic state to a logic “1” as
the input voltage to the cell 370a, 370b transitions from a low voltage to a higher voltage which is higher than a
threshold level V; yign (F1Gs. 9a-9c¢). In the illustrated embodiment, the threshold voltage Vi pigh is higher than the
threshold voltage Vi 1o such that the cell 370a, 370b exhibits a hysteresis. It is appreciated that other types of
detector or comparator cells may be utilized, depending upon the particular application.

In the illustrated embodiment, an open condition in the through-body-via itself or in the associated
conductors to the I/O pad is referred to collectively herein as an “open TSV” which results in a relatively small
capacitance at the I/O pad. Conversely, a proper connectivity within the through-body-via itself and in the
associated conductors to the I/O pad is referred to collectively as a “good TSV” which results in a relatively large
capacitance at the associated I/O pad.

In setting (block 310, FIG. 6) the voltages levels for the through-body-vias 112a and 112b and their

associated conductors, possible good TSV or open TSV scenarios may be grouped into four classes of scenarios at
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we vouage scumg (owock 310, FIG. 6) stage of testing following through-silicon-via and backside connector
processing, as shown in the table of FIG. 11. The four scenarios of good/bad TSV for two /O pads 160a, 160b
scenarios at the voltage setting (block 310, FIG. 6) stage are: (1) both I/O pads 160a, 160b have good TSVs ( that
is, no open conditions in the associated through-body-via or associated conductors of each pad); (2) both pads 160a,
160b have open TSVs (that is, the associated through-body-via or associated conductors of both pads have an open
condition) (3) one pad 160a having a good TSV is pre-charged to "1" (block 310, FIG. 6) while the other pad 160b
having open TSV is discharged to "0"; and (4) one pad 160a having open TSV is pre-charged to "1" (block 310,
FIG. 6) while the other pad 160b having good TSV is discharged to "0". The rows designated “TX” in the table of
FIG. 11 indicate that logic states to which the pads 160a, 160b are driven by the transmitter cells 326a, 326b in the
voltage setting (block 310, FIG. 6) stage of the charge sharing test.

Following the voltage level setting stage (block 310, FIG. 6), in which the pads 160a, 160b for the through-
body-vias 112a, 112b are set at logic "1" and logic "0" values, respectively, as indicated by the TX rows of the table
of FIG. 11, and following the charge redistribution stage (block 340, FIG. 6), the receiver cells 370a, 370b detect the
resultant voltage levels of the pads 160a, 160b for the through-body-vias 112a, 112b. The resultant logic states of
the receiver cells 370a, 370b are indicated in the rows designated “RX” in the table of FIG. 11.

The possible outcomes of the charge redistribution stage (block 340, FIG. 6) based on the four scenarios of
the table of FIG. 11, may be grouped into three sets of outcomes as depicted in FIGs. 9a-9c¢, respectively. In one
charge redistribution outcome depicted in FIG. 9a, both I/O pads 160a, 160b have good TSVs, or both I/O
pads160a, 160b have open TSVs such that C,.4 ,is substantially equal t0 Cypaq b. As aresult, after closing the
switch 324, the charges of the precharge voltage level 330 and the discharge voltage level 336 will redistribute into
substantially the same capacitances Cyaq a, Cpad » Tesulting in a final common voltage Vmid at 380a. As shown in
FIG. 9a, the common voltage Vmid is higher than the low threshold V; 1., such that the voltage at the input of the
receiver cell 370a for the through-silicon-via 112a and I/O pad 160a, falling from the logic “1” value 330, does not
cross the low threshold V; 1w and the output of the receiver cell 370a remains at the logic "1" state as shown in the
corresponding RX rows of the table of FIG. 11 for scenarios (1) and (2). Conversely, the common voltage Vmid is
lower than the high threshold V; g such that the voltage at the input of the receiver cell 370b for the through-
silicon-via 112b and I/O pad 160b, rising from the logic “0” value 336, does not cross the high threshold V; pig, and
the output of the receiver cell 370b remains at the logic "0" value as shown in the corresponding RX rows of the
table of FIG. 11 for scenarios (1) and (2). Accordingly, there are no changes at the RX output of the receivers 370a,
370b for scenarios (1) and (2).

In another charge redistribution outcome depicted in FIG. 9b, the I/O pad 160a having the good TSV (and
resultant relatively large Cpqq o) is pre-charged to a logic "1" state and the I/O pad 160b with an open TSV (and
resultant relatively small C,.q 1) s discharged to the logic "0" state at the voltage setting stage (block 310, FIG. 6).
Following closing the switch 324 and the resultant charge redistribution (block 350), the larger capacitance Cpqq o is
discharging into the smaller one C,.q 1, resulting in a final common voltage Vhigh at 380b. As shown in FIG. 9b, the
common voltage Vhigh is higher than the low threshold V; 1. such that the voltage at the input of the receiver cell
370a for the through-silicon-via 112a and I/O pad 160a, falling from the logic “1” value 330, does not cross the
low threshold V; 1. and the output of the receiver cell 370a remains at the logic "1" value as shown in the
corresponding RX row in the table of FIG. 11 for scenario (3). Conversely, the common voltage Vhigh is higher
than the high threshold V; i such that the voltage at the input of the receiver cell 370b for the through-silicon-via
112b and I/O pad 160b, rising from the logic “0” value 336, does cross the high threshold V; pign and the output of

the receiver cell 370b changes to the logic "1" value as shown in the corresponding RX row in the table of FIG. 11
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10T SCENATIO (3).

In the third charge redistribution outcome depicted in FIG. 9¢, the I/O pad 160a having the open TSV (and
resultant relatively small Cpaq 5) is pre-charged to a logic "1" state and the I/O pad 160b with a good TSV (and
resultant relatively large Caq ) 1s discharged to the logic "0" state at the voltage setting stage (block 310, FIG. 6).
Following closing the switch 324 and the resultant charge redistribution (block 350), the smaller capacitance Cpag 418
discharging into the larger capacitance C,qq » resulting in a final common voltage Viow at 380c. As shown in FIG.
9c, the common voltage Vlow is lower than the low threshold V; 1, such that the voltage at the input of the receiver
cell 370a for the through-silicon-via 112a and I/O pad 160a, falling from the logic “1” value 330, does cross the
low threshold V; 1o and the output of the cell 370a changes to the logic "0" state as shown in the corresponding RX
row in the table of FIG. 11 for scenario (4). Conversely, the common voltage Vlow is lower than the high threshold
Vi hign such that the voltage at the input of the receiver cell 370b for the through-silicon-via 112b and I/0 pad 160b,
rising from the logic “0” value 336, does not cross the high threshold V; i, and the output of the receiver cell 370b
remains at the logic "0" value as shown in the corresponding RX row in the table of FIG. 11 for scenario (4).

Thus, following execution of a single charge sharing test for I/O pads 160a, 160b and their associated
through-body-vias 112a, 112b, if neither receiver cell 370a, 370b changes output during the test, it may be
concluded from the table of FIG. 11, that both I/O pads have approximately the same capacitance (within the
random variation range) and condition of the I/O pads 160a, 160b and their associated through-body-vias 112a, 112b
is determined to be one of scenario (1), that is, both /O pads have good TSVs, or scenario (2), that is, both I/O pads
have open TSVs. However, if only one of the receiver cells 370a, 370b changes its output, the I/O pad associated
with the changing receiver cell has an open TSV. Thus, if only receiver cell 370a for I/O pad 160a changes its
output (scenario (3)), the I/O pad 160a is deemed to have an open TSV. Conversely, if only receiver cell 370b for
I/O pad 160b changes its output (scenario (4)), the I/O pad 160b is deemed to have an open TSV. Should the logic
state of both receiver cells 370a, 370b change state, it is deemed to be an illegal test outcome in this embodiment.

It is seen from the table of FIG. 11 and FIG. 9a that both scenario (1), that is, both I/O pads have good
TSVs, and scenario (2), that is, both I/O pads have open TSVs, produce the same test results after execution of a
single charge sharing test. In accordance with another aspect of the present description, to differentiate between
these two cases, a known capacitive reference may be introduced for comparison purposes. In the illustrated
embodiment, a replica I/O buffer 322 ref (Fig. 7) having a transmitter 364 and a receiver 366 is added to the I/O
interface and connected with a charge sharing switch 324 to one or more its neighbor buffers 322a, 322b. In this
embodiment, the replica buffer 322 ref is not connected to a through-body-via or to an actual I/O pad and thus, it
provides a known capacitive reference corresponding to an I/O buffer with a “TSV open” condition at a node
323 ref.

FIG. 12a shows an example of an I/O interface having tens, hundreds or more I/O buffers 322a, 322b ...
322n and one replica buffer 322 ref which is sufficient for a channel containing the I/0 buffers 322a, 322b ... 322n.
Since the transmitter 364 and the receiver 366 of the replica buffer 322 ref may be substantially identical to the
transmitter 364 and the receiver 366 of each of the other I/O buffers 322a, 322b ... 322n in the interface, its
capacitance Cy, (Cy, = Cx + Cx T Coeq + Cipie ) at the node 323 _ref may track the corresponding capacitance C;;, of
other I/O buffers across formation process variations. It is anticipated that differences arising from random pad to
pad variation may be minimal.

In the embodiment of FIG. 12a, the replica buffer 322 ref is positioned at the left end of the chain of I/O
buffers 322a, 322b ... 322n. However, it is appreciated that the position of the replica I/O buffer 322 ref within the
chain of buffers may be arbitrary. Accordingly, it is believed that the replica I/O buffer 322 ref may be positioned
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at a pomu 1 we mentor of the chain or at either end of it.

In one aspect of the present description, the charge sharing test may be executed twice following a
manufacturing process in which the through-body-vias are formed. In this embodiment, the two executions of the
charge sharing test differ in the particular data patterns placed in parallel at the TX inputs of the I/O transmitters 364
of each of the I/O buffers 322 ref, 322a, 322b ... 322n. In addition, the configuration of charge sharing pass
switches 324 in the two executions of the charge sharing test may differ. In the illustrated embodiment, the charge
sharing pass switches 324 of one set of pairs of I/O buffers are enabled or disabled in parallel by a signal “even_en”.
The 1/0 buffers 322 ref, 322a, 322b ... 322n may then be rearranged into a second set of pairs of I/O buffers by the
charge sharing pass switches 324 in which the charge sharing pass switches 324 of the second set of pairs of I/O
buffers are enabled or disabled in parallel by a signal “odd en. As shown in Figs. 12a, 12b, the charge sharing
pass switches 324 are alternately driven by the signals “even_en” and “odd_en” As aresult, each interior I/O buffer
is arranged in a pair with the neighboring I/O buffer on one side, in which the pair is coupled and uncoupled by the
signal “even_en.” Similarly, each interior I/O buffer may be rearranged in a pair with the neighboring I/O buffer on
the other side, in which that other pair is coupled and uncoupled by the signal “odd en.” In this manner, each I/O
buffer of the first set of pairs of I/O buffers, is paired with a different I/O buffer in the second set of pairs of I/O
buffers. The first set of pairs of I/O buffers is enabled by the “even_en” signal and the second set of pairs of I/O
buffers is enabled by the “odd en” signal.

In the illustrated embodiment, test patterns are provided which facilitate pre-charging and charge
redistribution through enabled charge sharing pass switches 324. In addition, the test patterns are selected to reduce
or minimize leakage through disabled pass switches 324. Thus, for example, both sides of a disabled pass gate may
be driven by the test pattern to the same state during the voltage setting stage (block 310, FIG 6).

For example, in a first test, designated “TEST1”, a first test pattern "10 01 10 01 10 01 .. " may be applied
to the parallel TX inputs of the transmitters 364 of the I/O buffers 322 ref, 322a, 322b ... as shown in FIG. 12a
during a voltage setting stage (block 310, FIG. 6) with all the charge sharing pass switches 324 disabled (even_en
deasserted, odd_en deasserted) driving the voltage levels on the /O node 323 _ref and the I/O pads 160a, 160b ...
to the logic states of the applied test pattern "10 01 10 01 10 01 .. " In a subsequent charge redistribution phase
(block 340, FIG. 6) of TESTI, all I/O buffers 322 ref, 322a, 322b ... are placed in a high impedance state (HiZ)
state, and the group of charge sharing pass switches 324 driven by the signal "even_ en" are enabled in parallel
(while the signal “odd_en” remains deasserted), allowing charge redistribution to occur in parallel between I/O
buffer pairs of a first set of 1/O buffer pairs: I/O buffers 322 ref and 322a (capacitance comparison 402, FIG. 13);
/O buffers 322b and 322¢ (capacitance comparison 408, FIG. 13); I/O buffers 322d and 322¢ (capacitance
comparison 410, FIG. 13); etc as shown in FIGs. 12a and 13.

After completion of the charge redistribution, the output RX of each receiver 366 of each of the I/O buffers
output 322 ref, 322a,322b ... is observed and stored in parallel as the results of TEST1. For example, the RX
outputs may be captured in parallel and serially output through a test access port (TAP) test port.

In a second charge sharing test, designated TEST2, a second test pattern "0 01 10 01 10 01 10 01 .. " may
be applied in parallel to the TX inputs of the transmitters 364 of the I/O buffers 322 ref, 322a, 322b ... as shown in
FIG. 12b during another voltage setting stage (block 310, FIG. 6) with all the charge sharing pass switches 324
disabled (even_en deasserted, odd_en deasserted) driving the voltage levels on the /O node 323 _ref and the 1/O
pads 160a, 160b ... to the logic states of the applied test pattern "0 01 10 01 10 01 10 01.. " in parallel. Ina
second, subsequent charge redistribution phase (block 340, FIG. 6), all I/O buffers 322 _ref, 322a, 322b ... are
placed in a high impedance state (HiZ) state, and the group of charge sharing pass switches 324 driven by the signal
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oud_ en- are enaoteu 1 parallel (while the signal “even_en remains deasserted), and allowing charge redistribution
to occur in parallel between the I/O buffer pairs of a the second set of 1/O buffer pairs: 1/O buffers 322a and 322b
(capacitance comparison 404, FIG. 13); 1/O buffers 322¢ and 322d (capacitance comparison 412, FIG. 13); etc. as
shown in FIG. 12b and the table of FIG. 13.

After completion of the charge redistribution (block 340, FIG. 6), the output RX of each receiver 366 of
each of the I/O buffers output 322 _ref, 322a, 322b ... is observed and stored in parallel as the results of TEST2.
For example, the RX outputs may again be captured in parallel and serially output through a TAP test port to the
tester (FIG. 4).

In accordance with another aspect of the present description, the status of each through-body-via of each
I/O buffer in the interface can be uniquely determined in an analysis starting from the reference I/O buffer I/O
322 ref, and comparing results of the two tests, TEST1 and TEST2. Starting from the left of the table of FIG. 13,
the test TEST1 provides a result 400 of a capacitance comparison 402 between I/O buffer 322 ref and I/O buffer
322a on the basis of a comparison of their respective capacitances Chode rer@Nd Cpag a. I Chrode rerand Cpag 4 are
determined to be substantially equal (i.e. neither RX output changed state indicating either scenario (1) or scenario
(2), FIG. 11), it may be inferred that the I/O pad 160a of I/O buffer 322a has an open TSV condition (i.e. scenario
(2) since it is known that the I/O node 323 ref of the I/O buffer 322 ref has a known open TSV condition.
Conversely, if Cpoqe reris found to be substantially less than C,.q 5 (i.e. the RX output of the 1/O buffer 322_ref
changed its output), it may be inferred that the I/O pad 160a of I/O buffer 322a has an good TSV condition (i.e.
scenario (4), FIG. 11).

Once the open/good TSV status of the I/O pad 160a of I/O buffer 322a is known, this information
represented by result 400 may be used in an analysis of a capacitance comparison 404 between I/O buffer 322a and
I/O buffer 322b on the basis of a comparison of their respective capacitances Cpaq o and Cpaq b as performed in the
test TEST2. If Coaq aand Cpag b are found to be substantially equal (i.e. neither RX output changed state indicating
either scenario (1) or scenario (2), FIG. 11), it may be inferred that the open/good TSV status of 1/O pad 160b of
I/O buffer 322b is the same as the known open/good TSV status of the I/O pad 160a of 1/O buffer 322a as
represented by result 400. However, if Cpaq 4 18 found to be substantially less than Cpaq b (i.6. the RX output of the
I/O buffer 322a changed its output), it may be inferred that the I/O pad 160a of I/O buffer 322a has an open TSV
condition and the I/O pad 160b of I/O buffer 322b has a good open TSV condition (i.e. scenario (4), FIG. 11). On
the other hand, if Cy.q . is found to be substantially greater than C,.q , (i.e. the RX output of the I/O buffer 322b
changed its output), it may be inferred that the I/O pad 160a of I/O buffer 322a has a good TSV condition and the
I/O pad 160b of 1/O buffer 322b has an open TSV condition (i.e. scenario (3), FIG. 11).

The results may then be propagated through the interface until all the results are known. For example, once
the open/good TSV status of the I/O pad 160b of I/O buffer 322b is known, this information represented by result
406 may be used in an analysis of a comparison 408 between I/O buffer 322b and I/O buffer 322¢ on the basis of a
comparison of their respective capacitances Cpaq p and Cpaq ¢ as performed in the test TEST1, and so on.

FIG. 14 shows an example of a timing diagram of a single execution of a charge sharing test in accordance
with the present description. It is appreciated that other timing may be utilized, depending upon the particular
application. In this example, a test pattern such as the pattern of TEST1 of FIG 12a or the test pattern of TEST2 of
FIG. 12b, for example, is placed at the parallel TX inputs of each I/O buffer 322 ref, 322a, 322b ... 322n as
represented by the inputs tx[N:0] of FIG. 14 during a first clock cycle designated clk cyclel before the start of the
test.

The execution of the test starts with assertion of the signal “testen” in the next clock cycle,. clk cycle2. In
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uns manner we vouage levels of the pairs of 1/0 pads and their associated through-body-vias (or reference node) are
set (block 310, FIG. 6) in accordance with the applied test pattern. After a suitable delay to allow the test pattern to
drive the all the I/O buffers in parallel (wherein the delay is represented by the time interval tyy,), all transmitters 364
are placed in a high impedance state (HiZ) by deasserting the transmitter enable signal “enb” in the next clock cycle
clk cycle3. In the illustrated embodiment, at least one clock cycle is provided for the I/O buffers to be actively
driven in parallel by the applied test input pattern before the transmitters of the I/O buffers are placed in the high
impedance state.

To start the charge redistribution phase (block 340, FIG. 6), the charge sharing pass switches 324 are
enabled in parallel in the next cycle, clk cycle4, by asserting the charge sharing pass switch enable signal (odd_en
for test pattern TEST1, or even_en for TEST2) after a suitable delay interval (designated t..n) to reduce or eliminate
any contention between the 1/0O pads. In the illustrated embodiment, at least one clock cycle is provided between the
placing the I/O buffers in the high impedance state and the closing of the charge sharing pass switches 324.

After a suitable delay period (designated tey to allow the voltages on the 1/0 pads to settle to the
intermediate voltage V.4 of each connected pairs of I/O buffers after redistribution pass gates are enabled, a capture
signal “capture” is asserted in a subsequent clock cycle, e.g. clk cycle6, to capture the RX output of each I/O buffer
in parallel into a suitable test register to store the results of the test in parallel. The stored results may be
subsequently loaded to a tester such as the tester 210 of FIG. 4.

In the illustrated embodiment, sufficient settling time is provided in the interval te,, between the closing of
the charge sharing pass switches 324 (odd/even_en asserted) and the subsequent capture of the RX outputs of the
receivers of the I/0 buffers. The test control circuit 123 generating the test control signals of FIG. 14 can be timed
so as to ensure that the results of the test are sampled during the interval in which the results are valid as represented
by the interval t,,;4 shown in FIG. 14. Thus, if the receiver outputs RX of the I/O buffers are sampled while the
I/O pad voltages are in the process of settling toward the intermediate voltage V.4 during the interval t.y, for
example, an error might occur since the I/O pad voltages may not yet be stable. Conversely, if the receiver outputs
RX of the I/O buffers are sampled too long after charge redistribution is allowed, such as during the interval ty,, for
example, charge leakage might corrupt the results of the test.

The test pattern, timing and control signals, such as those depicted in FIG. 14, for example, may be
generated by a suitable signal generator of the tester 210 (FIG. 4), or a suitable signal generator of an on-board test
circuit 123, or a combination thereof. Similarly, the RX test results may be analyzed by suitable logic of the tester
210 (FIG. 4), or by suitable logic of an on-board test circuit 123 or a combination thereof, to determine the
open/good TSV status of each I/O pad. The signal generator and the analysis logic may be implemented in
hardware, software, firmware or any appropriate combination thereof.

In one aspect of the present description, method and apparatus are provided for testing defects in through-
body-vias such as through-silicon-vias which can facilitate high volume manufacturing. For example, many
through-body-vias may be tested in parallel. In addition, each test may be performed relatively quickly, such as ten
or fewer clock cycles, for example. Still further, the tests may be performed at a single stage of the manufacturing
process.. Furthermore, the tests may be relatively insensitive to variations in the manufacturing process and the
absolute values of the capacitances at the nodes of the I/O buffers. It is appreciated that in other embodiments in
accordance with the present description, through-body-vias may be tested singly and at multiple stages, depending
upon the particular application.

Moreover, method and apparatus in accordance with the present description for testing defects in through-

body-vias such as through-silicon-vias, may utilize relatively little additional circuitry to perform the tests. Thus, in
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wie usiratea eroouttnent, the testing circuitry 123 may utilize as few as a single charge sharing pass switch 324
per I/O buffer and as few as a single replica I/O buffer in a channel of an I/O interface of many 1/O buffers. Still
further, power consumption and current leakage resulting from the testing circuitry may be relatively small or
negligible. Other features may be realized in addition to or instead of those described herein, depending upon the

particular application.

Additional Embodiment Details

The described techniques for may be embodied as a method, apparatus, computer program product or
article of manufacture using standard programming and/or engineering techniques to produce software, firmware,
hardware, or any combination thereof. The outputs of on-die circuitry which may include programmable processors,
dedicated processors, comparators or adder/subtractor circuits, may be processed by on—die logic circuitry, firmware
or software or processed by off chip logic circuitry, firmware or software, or a combination thereof, to process
optically transmitted data. The term “article of manufacture” as used herein refers to code or logic embodied in
hardware logic (e.g., an integrated circuit chip, Programmable Gate Array (PGA), Application Specific Integrated
Circuit (ASIC), etc.) or a computer readable medium, such as magnetic storage medium (e.g., hard disk drives,
floppy disks,, tape, etc.), optical storage (CD-ROMs, optical disks, etc.), volatile and non-volatile memory devices
(e.g., EEPROMs, ROMs, PROMs, RAMs, DRAMs, SRAMs, firmware, programmable logic, etc.).

Code in the computer readable medium is accessed and executed by a processor. The “article of
manufacture” or “computer program product” may comprise the medium in which the code is embodied.
Additionally, the “article of manufacture” “computer program product” may comprise a combination of hardware
and software components in which the code is embodied, processed, and executed. Of course, those skilled in the
art will recognize that many modifications may be made to this configuration without departing from the scope of
the present description, and that the article of manufacture may comprise any tangible information bearing medium
known in the art.

In certain applications, a die having an on board through-body-via testing circuit in accordance with the
present description, may be embodied in a computer system including a video controller to render information to
display on a monitor or other display coupled to the computer system, a device driver and a network controller, such
as a computer system comprising a desktop, workstation, server, mainframe, laptop, handheld computer, etc.
Alternatively, the testing circuit embodiments may be embodied in a computing device that does not include, for
example, a video controller, such as a switch, router, etc, or does not include a network controller, for example.

The illustrated logic of figures may show certain events occurring in a certain order. In alternative
embodiments, certain operations may be performed in a different order, modified or removed. Moreover, operations
may be added to the above described logic and still conform to the described embodiments. Further, operations
described herein may occur sequentially or certain operations may be processed in parallel. Yet further, operations
may be performed by a single processing unit or by distributed processing units.

FIG. 15 illustrates one embodiment of a computer architecture 900 of components, any one of which may
include a die having an on board testing circuitry for testing through-body vias, in accordance with the present
description. The computer architecture 900 may comprise any computing device known in the art, such as a
mainframe, server, personal computer, workstation, laptop, handheld computer, telephony device, network
appliance, virtualization device, storage controller, etc. The architecture 900 may include a processor 902 (e.g., a
microprocessor), a memory 904 (e.g., a volatile memory device), and storage 906 (e.g., a non-volatile storage, such

as magnetic disk drives, optical disk drives, a tape drive, etc.). The storage 906 may comprise an internal storage
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aevice or an audcnea or network accessible storage. Programs in the storage 906 are loaded into the memory 904
and executed by the processor 902 in a manner known in the art. The architecture further includes a network
controller or adapter 908 to enable communication with a network, such as an Ethernet, a Fibre Channel Arbitrated
Loop, etc. Further, the architecture may, in certain embodiments, include a video controller 909 to render
information on a display monitor, where the video controller 909 may be embodied on a video card or integrated on
integrated circuit components mounted on the motherboard. An input device 910 is used to provide user input to
the processor 902, and may include a keyboard, mouse, pen-stylus, microphone, touch sensitive display screen, or
any other activation or input mechanism known in the art. An output device 912 is capable of rendering information
transmitted from the processor 902, or other component, such as a display monitor, printer, storage, etc.

The network adapter 908 may embodied on a network card, such as a Peripheral Component Interconnect
(PCI) card, PCI-express, or some other I/O card, or on integrated circuit components mounted on the motherboard.
The storage 906 may comprise an internal storage device or an attached or network accessible storage. Programs in
the storage 906 are loaded into the memory 904 and executed by the processor 902. Any one or more of the devices
of the computer architecture 900 may include one or more integrated circuits having an on-die conversion testing
circuit as described herein.

The foregoing description of various embodiments has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limit to the precise form disclosed. Many modifications and

variations are possible in light of the above teaching.
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wnal 1 CLAIMED IS:

1. A method, comprising;

setting a voltage level of a first through-body-via to a first voltage level;

setting a voltage level of a second through-body-via to a second voltage level lower than the first voltage
level;

allowing charges on the first and second through-body-vias to redistribute between them to provide a
common, third voltage level on the first and second through-body-vias, said third voltage level being between the
first and second voltage levels and a function of the respective capacitances of the first and second through-body-
vias; and

determining whether the one or both of the first and second through-body-vias has a defect as a function of

the common, third voltage level.

2. The method of claim 1 wherein the allowing charges to redistribute includes electrically coupling the
first and second through-body-vias together so that the first through-body-via discharges and second through-body-

via charges to the common, third voltage level between the first and second voltage levels.

3. The method of claim 1 wherein the determining includes comparing the common, third voltage level to
a first threshold level lower than the first voltage level, and comparing the common, third voltage level to a second
threshold level higher than the second voltage level, wherein said second threshold level is higher than said first
threshold level.

4. The method of claim 3 wherein the common, third voltage level being intermediate between the first and
second threshold levels indicates one of a) both through-body-vias having an open condition defect and b) neither

through-body-via having an open condition defect.

5. The method of claim 3 wherein the common, third voltage level being lower than the first threshold

level indicates the first through-body-via has an open condition defect.

6. The method of claim 3 wherein the common, third voltage level being higher than the second threshold

level indicates the second through-body-via has an open condition defect.

7. The method of claim 1 further comprising:

setting a voltage level of a first node having a through-body-via;

setting a voltage level of a second node having a replica of an open condition defect;

allowing charges on the first and second nodes to redistribute between them to provide a common voltage
level on the first and second nodes; and

determining whether the first node has an open condition defect as a function of the common voltage level

of the first and second nodes.

8. The method of claim 1, further comprising:
setting a voltage level of a first through-body-via of a first plurality of pairs of through-body-vias, to the
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LITSL VOLLAZE 1evVEL;

setting a voltage level of a second through-body-via of the first plurality of pairs of through-body-vias, to
the second voltage level lower than the first voltage level;

allowing charges on the first and second through-body-vias of each pair of the first plurality of pairs to
redistribute between them to provide a common voltage level on each pair of the first and second through-body-vias,
said common voltage level being between the first and second voltage levels;

and determining whether the one or both of the first and second through-body-vias of each pair has an

open condition defect as a function of the common voltage level of each pair.

9. The method of claim 8, further comprising:

rearranging the through-body-vias of the first plurality of pairs into a second plurality of pairs different
from the first plurality of pairs;

setting a voltage level of a first through-body-via of the second plurality of pairs of through-body-vias, to
the first voltage level;

setting a voltage level of a second through-body-via of the second plurality of pairs of through-body-vias,
to the second voltage level lower than the first voltage level;

allowing charges on the first and second through-body-vias of each pair of the second plurality of pairs to
redistribute between them to provide a common voltage level on each pair of the first and second through-body-vias
of the second plurality of pairs, said common voltage level being between the first and second voltage levels; and

determining whether one or both of the first and second through-body-vias of each pair of the second
plurality of pairs has an open condition defect as a function of the common voltage level of each pair of the second

plurality of pairs.

10. The method of claim 9 further comprising:

setting a voltage level of a first node of a first pair of nodes in which the first node has a through-body-via;

setting a voltage level of a second node of the pair of nodes in which the second node has a replica of an
open condition defect;

allowing charges on the first and second nodes to redistribute between them to provide a common voltage
level on the first and second nodes; and

determining whether the first node has an open condition defect as a function of the common voltage level
of the first and second nodes, to provide a first node result indicating whether the first node has an open condition

defect.

11. The method of claim 10 wherein a pair of through-body-vias of the second plurality of pairs includes
the first node having a through-body-via and a second through-body-via wherein the determining whether the
second through-body-via of the pair of the second plurality of pairs has an open condition defect as a function of the
common voltage level of the pair of the second plurality of pairs is also a function of the first node result indicating

whether the first node has an open condition defect.
12. A device, comprising:

an integrated circuit die, comprising:

a plurality of integrated circuit portions;
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a piurality of through-body-vias; and
a testing circuit on board the die and adapted to:
set a voltage level of a first through-body-via of said plurality of through-body-vias to a first
voltage level;
set a voltage level of a second through-body-via of said plurality of through-body-vias to a
second voltage level lower than the first voltage level;
allow charges on the first and second through-body-vias to redistribute between them to
provide a common, third voltage level on the first and second through-body-vias, said third voltage level being
between the first and second voltage levels and a function of the respective capacitances of the first and second
through-body-vias; and
provide result data indicating whether the one or both of the first and second through-body-

vias has a defect as a function of the common, third voltage level.

13. The device of claim 12 wherein the testing circuit has a switch adapted to allow charges to redistribute
by electrically coupling the first and second through-body-vias together so that the first through-body-via discharges

and second through-body-via charges to the common, third voltage level between the first and second voltage levels.

14. The device of claim 12 wherein the testing circuit includes a comparator adapted to compare the
common, third voltage level to a first threshold level lower than the first voltage level, and compare the common,
third voltage level to a second threshold level higher than the second voltage level, wherein said second threshold

level is higher than said first threshold level.

15. The device of claim 14 wherein the comparator provides result data indicating in response to a
common, third voltage level being intermediate between the first and second threshold levels, that one of a) both

through-body-vias have an open condition defect and b) neither through-body-via has an open condition defect.

16. The device of claim 14 wherein the comparator provides result data indicating in response the
common, third voltage level being lower than the first threshold level, that the first through-body-via has an open

condition defect.

17. The device of claim 14 wherein the comparator provides result data indicating in response the
common, third voltage level being higher than the second threshold level, that the second through-body-via has an

open condition defect.

18. The device of claim 12 wherein the integrated circuit die further comprises a first node having a
through-body-via, and a second node have a replica of an open condition defect; and wherein the testing circuit is
further adapted to:

set a voltage level of the first node having a through-body-via;

set a voltage level of the second node having a replica of an open condition defect;

allow charges on the first and second nodes to redistribute between them to provide a common voltage
level on the first and second nodes; and

provide result data indicating whether the first node has an open condition defect as a function of the
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common vouage 1evel of the first and second nodes.

19. The device of claim 12, further comprising a first plurality of pairs of through-body-vias, and wherein
the testing circuit is further adapted to:

set a voltage level of a first through-body-via of the first plurality of pairs of through-body-vias, to the first
voltage level;

set a voltage level of a second through-body-via of the first plurality of pairs of through-body-vias, to the
second voltage level lower than the first voltage level;

allow charges on the first and second through-body-vias of each pair of the first plurality of pairs to
redistribute between them to provide a common voltage level on each pair of the first and second through-body-vias,
said common voltage level being between the first and second voltage levels; and

provide first plurality pair result data indicating whether the one or both of the first and second through-
body-vias of each pair of the first plurality of pairs has an open condition defect as a function of the common voltage

level of each pair.

20. The device of claim 19, wherein the testing circuit is further adapted to:

rearrange the through-body-vias of the first plurality of pairs into a second plurality of pairs different from
the first plurality of pairs;

set a voltage level of a first through-body-via of the second plurality of pairs of through-body-vias, to the
first voltage level;

set a voltage level of a second through-body-via of the second plurality of pairs of through-body-vias, to
the second voltage level lower than the first voltage level;

allow charges on the first and second through-body-vias of each pair of the second plurality of pairs to
redistribute between them to provide a common voltage level on each pair of the first and second through-body-vias
of the second plurality of pairs, said common voltage level being between the first and second voltage levels; and

provide second plurality pair result data indicating whether one or both of the first and second through-
body-vias of each pair of the second plurality of pairs has an open condition defect as a function of the common

voltage level of each pair of the second plurality of pairs.

21. The device of claim 20 wherein the integrated circuit die further comprises a first node having a
through-body-via, and a second node have a replica of an open condition defect; and wherein the testing circuit is
further adapted to:

set a voltage level of a first node of a first pair of nodes in which the first node has a through-body-via;

set a voltage level of a second node of the pair of nodes in which the second node has a replica of an open
condition defect;

allow charges on the first and second nodes to redistribute between them to provide a common voltage
level on the first and second nodes; and

provide first node result data indicating whether the first node has an open condition defect as a function of

the common voltage level of the first and second nodes.

22. The device of claim 21 wherein a pair of through-body-vias of the second plurality of pairs includes

the first node having a through-body-via and a second through-body-via, the device further comprising logic
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creunry agapiea w aeermine whether the first node has an open condition defect as a function of the first node
result data, and also determine whether the second through-body-via of the pair of the second plurality of pairs has
an open condition defect as a function of the second plurality pair result data of the second plurality of pairs also as

a function of the first node result data indicating whether the first node has an open condition defect.

23. A system, comprising:
a processor;
a memory coupled to the processor;
a video controller coupled to the processor and the memory; and
a package including an integrated circuit die coupled to the processor and the memory, the integrated
circuit die comprising;
a plurality of integrated circuit portions;
a plurality of through-body-vias; and
a testing circuit on board the die and adapted to:
set a voltage level of a first through-body-via of said plurality of through-body-vias to a first
voltage level;
set a voltage level of a second through-body-via of said plurality of through-body-vias to a
second voltage level lower than the first voltage level;
allow charges on the first and second through-body-vias to redistribute between them to
provide a common, third voltage level on the first and second through-body-vias, said third voltage level being
between the first and second voltage levels and a function of the respective capacitances of the first and second
through-body-vias; and
provide result data indicating whether the one or both of the first and second through-body-

vias has a defect as a function of the common, third voltage level.

24. The system of claim 23 wherein the testing circuit has a switch adapted to allow charges to redistribute
by electrically coupling the first and second through-body-vias together so that the first through-body-via discharges

and second through-body-via charges to the common, third voltage level between the first and second voltage levels.

25. The system of claim 23 wherein the testing circuit includes a comparator adapted to compare the
common, third voltage level to a first threshold level lower than the first voltage level, and compare the common,
third voltage level to a second threshold level higher than the second voltage level, wherein said second threshold

level is higher than said first threshold level.

26. The system of claim 25 wherein the comparator provides result data indicating in response to a
common, third voltage level being intermediate between the first and second threshold levels, that one of a) both

through-body-vias have an open condition defect and b) neither through-body-via has an open condition defect.
27. The system of claim 25 wherein the comparator provides result data indicating in response the

common, third voltage level being lower than the first threshold level, that the first through-body-via has an open

condition defect.
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25. 1ne sysiem of claim 25 wherein the comparator provides result data indicating in response the
common, third voltage level being higher than the second threshold level, that the second through-body-via has an

open condition defect.

29. The system of claim 23 wherein the integrated circuit die further comprises a first node having a
through-body-via, and a second node have a replica of an open condition defect; and wherein the testing circuit is
further adapted to:

set a voltage level of the first node having a through-body-via;

set a voltage level of the second node having a replica of an open condition defect;

allow charges on the first and second nodes to redistribute between them to provide a common voltage
level on the first and second nodes; and

provide result data indicating whether the first node has an open condition defect as a function of the

common voltage level of the first and second nodes.

30. The system of claim 23, further comprising a first plurality of pairs of through-body-vias, and wherein
the testing circuit is further adapted to:

set a voltage level of a first through-body-via of the first plurality of pairs of through-body-vias, to the first
voltage level;

set a voltage level of a second through-body-via of the first plurality of pairs of through-body-vias, to the
second voltage level lower than the first voltage level;

allow charges on the first and second through-body-vias of each pair of the first plurality of pairs to
redistribute between them to provide a common voltage level on each pair of the first and second through-body-vias,
said common voltage level being between the first and second voltage levels; and

provide first plurality pair result data indicating whether the one or both of the first and second through-
body-vias of each pair of the first plurality of pairs has an open condition defect as a function of the common voltage

level of each pair.

31. The system of claim 30, wherein the testing circuit is further adapted to:

rearrange the through-body-vias of the first plurality of pairs into a second plurality of pairs different from
the first plurality of pairs;

set a voltage level of a first through-body-via of the second plurality of pairs of through-body-vias, to the
first voltage level;

set a voltage level of a second through-body-via of the second plurality of pairs of through-body-vias, to
the second voltage level lower than the first voltage level;

allow charges on the first and second through-body-vias of each pair of the second plurality of pairs to
redistribute between them to provide a common voltage level on each pair of the first and second through-body-vias
of the second plurality of pairs, said common voltage level being between the first and second voltage levels; and

provide second plurality pair result data indicating whether one or both of the first and second through-
body-vias of each pair of the second plurality of pairs has an open condition defect as a function of the common

voltage level of each pair of the second plurality of pairs.

32. The system of claim 31 wherein the integrated circuit die further comprises a first node having a
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wrougn-noay-via, ana a second node have a replica of an open condition defect; and wherein the testing circuit is
further adapted to:

set a voltage level of a first node of a first pair of nodes in which the first node has a through-body-via;

set a voltage level of a second node of the pair of nodes in which the second node has a replica of an open
condition defect;

allow charges on the first and second nodes to redistribute between them to provide a common voltage
level on the first and second nodes; and

provide first node result data indicating whether the first node has an open condition defect as a function of

the common voltage level of the first and second nodes.

33. The system of claim 32 wherein a pair of through-body-vias of the second plurality of pairs includes
the first node having a through-body-via and a second through-body-via, the system further comprising logic
circuitry adapted to determine whether the first node has an open condition defect as a function of the first node
result data, and also determine whether the second through-body-via of the pair of the second plurality of pairs has
an open condition defect as a function of the second plurality pair result data of the second plurality of pairs also as

a function of the first node result data indicating whether the first node has an open condition defect.
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