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(57) Abstract: An integrated circuit (IC) chip is provided. The IC chip includes a signal output via which an outgoing signal is
transmitted, and a signal input via which an incoming data signal is received. Also included on the IC ship is a pass circuit to couple
the signal output to the signal input during testing of the IC chip. Furthermore, a delay circuit produces a first timing signal and a
second timing signal during testing of the IC chip. The second timing signal is delayed from the first timing signal according to a test
parameter. The first timing signal triggers transmission of a test signal via the signal output, and the second timing signal triggers
sampling of the received test signal via the signal input.
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DELAY FAULT TESTING FOR CHIP I/O

Inventor: Paul D. Franzon

TECHNICAL FIELD
[0001] The present disclosure general relates to circuits, systems, and techniques for

testing chip input/output (1/0).

BACKGROUND

[0002] In a 3D chip stack there might be thousands of interconnections communicating
vertically between chips in the stack. It is important that the chips in the stack are tested before
integration. If they are not tested, the yield of the assembled chip stack could be overly
degraded. In many circumstances probe testing of the I/O might not be practical, for a variety of
reasons. For example, the probe pitch is likely to be very fine, making the probe card expensive.
The microbumps could be damaged by the probe tips. The large number of I/Os being tested
could also result in an expensive probe card. In addition, more high speed test channels might be
required in the tester equipment, increasing its cost. Nevertheless, it remains important to speed-

test the I/Os to ensure desired performance.

BRIEF DESCRIPTION OF THE FIGURES

[0003] FIG. 1 presents a block diagram illustrating an exemplary on-chip delay fault
testing circuit, in accordance with one embodiment.

[0004] FIG. 2A presents a diagram illustrating an exemplary on-chip delay fault testing
circuit, in accordance with one embodiment.

[0005] FIG. 2B illustrates an exemplary pass circuit between the output and input on a
chip, in accordance with one embodiment.

[0006] FIG. 3 presents an exemplary timing diagram illustrating two timing signals used
in the on-chip delay fault testing circuit, in accordance with one embodiment.

[0007] FIG. 4 illustrates an exemplary implementation of the delay circuit, in accordance
with one embodiment.

[0008] FIGs. 5A, 5B, and 5C illustrates different delay configurations in the delay fault

testing circuit for detecting delay faults, in accordance with one embodiment.
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[0009] FIGs. 6A and 6B illustrates two exemplary configurations for testing delay faults

between two stacked chips, in accordance with one embodiment.

[0010] FIG. 6C presents a flowchart illustrating the process of testing delay fault in a pair
of stacked chips, in accordance with one embodiment.

[0011] FIG. 7 illustrates an exemplary configuration for testing delay faults via a
different signal path between two stacked ships, in accordance with one embodiment.

[0012] FIG. 8 illustrates an exemplary configuration for testing delay faults between a
chip and a substrate, in accordance with one embodiment.

[0013] FIG. 9 illustrates an exemplary configuration for testing delay faults through a
stack of two chips and a substrate, in accordance with one embodiment.

[0014] FIG. 10 presents different cases for estimating the additional signal delays
introduced by the delay fault testing circuit, in accordance with one embodiment.

[0015] In the figures, like reference numerals refer to the same figure elements.

DETAILED DESCRIPTION

[0016] In embodiments of the present disclosure, the problem of on-chip 1/O delay fault
testing without introducing significant parasitic capacitance is solved by using a low-capacitance
loop-back circuit to couple the output to the input, and delaying the sampling at the input after a
test signal is transmitted via the output. Low capacitance is desirable because the parasitic
capacitance associated with the loop-back circuit remains during normal operation, which adds
delay to the connection timing and increases power consumption of the interface. This circuit
configuration can also be used to test delay faults of a chip stack post assembly.

[0017] Ideally, a chip or chip stack should not contain voids or cracks. In reality,
however, the fabrication process can introduce a variety of defects. For example, leaky cracks
often result in increased resistance. Voids and non-leaky cracks could lead to decreased
capacitance. Short circuits to ground and voids in the through-silicon via (TSV) sidewall can
increase current leakage. All of these defects can change the resistor-capacitor (RC)
characteristics of the interconnect loading and hence lead to faulty signal delays.

[0018] Embodiments of the present disclosure provide a design-for-test (DFT)
configuration that uses an on-chip loop-back circuit (referred to as “pass circuit” herein) to
provide a signal path between an output and input on the chip for testing purposes. This
configuration which obviates the need for external probes. One design constraint, however, is
that the pass circuit introduces additional parasitic capacitance to the I/O, which results in
additional delay to the non-test signals. To minimize this delay, in one embodiment, the pass

circuit uses a pass gate with minimal size (hence minimal input capacitance), so that the extra
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delay is negligible. Nonetheless, a small pass gate also comes with larger resistance, which leads

to higher delays to the test. To address this test-signal delay, the sampling at the receiver is
delayed from the transmission at the driver. This sampling delay can be programmed based on
the delay introduced by the pass circuit as well as different test configurations. Hence, the
testing circuit can detect delay faults (i.e., delays smaller or greater than expected) in various
chip stack configurations without using external I/O probes and introducing significant parasitic
capacitance.

[0019] FIG. 1 presents a block diagram illustrating an exemplary on-chip delay fault
testing circuit, in accordance with one embodiment. In this example, an IC chip 100 includes an
output driver 112, an input receiver 114, a pass circuit 106, a test signal transmission module
102, a test signal receiving module 104, a delay circuit 110, and a test parameter input port 111.
Pass circuit 106 couples the output of driver 112 to the input of receiver 114. During normal
operation, pass circuit 106 is turned off to de-couple driver 112 from receiver 114. Driver 112
can couple to test signal transmission module 102 during testing. Similarly, receiver 114 can
couple to test signal receiving module 104 during testing, and couple to regular circuits during
normal operation. Delay circuit 110 produces a transmission timing signal and a sampling timing
signal to trigger transmission module 102 and receiving module 104, respectively. The sampling
timing signal is delayed from the transmission timing signal to account for the delay introduced
by pass circuit 106.

[0020] During testing, a test signal is provided (for example, by external testing
equipment) to transmission module 102, which is triggered by the transmission timing signal to
transmit the test signal via driver 112. The test signal traverses pass circuit 106 and is received
by receiver 114. Receiving module 104 is then triggered by the delayed sampling timing signal
to sample the test signal. The sample result is subsequently compared with the original test
signal to determine whether the actual delay is within an expected range.

[0021] The delay between the transmission timing signal and sampling timing signal can
be programmed. In one embodiment, as shown in FIG. 1, a piece of external testing equipment
can provide a test parameter, such as a delay value, to delay circuit 110 via test parameter input
port 111. Test parameter input port 111 can be a serial or parallel port. As described below in
conjunction with FIGs. 5A — 5C, the delay value can be decreased or increased with respect to
the expected delay, so that different sampling results can be obtained. Based on these different
sampling results, the testing equipment can determine whether the actual delay of the I/O is
smaller or greater than expected.

[0022] FIG. 2A presents a diagram illustrating an exemplary on-chip delay fault testing

circuit, in accordance with one embodiment. The testing circuit includes a scan chain 220 and an
3
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1/0 test control circuit 222. Scan chain 220 includes four registers, 202, 204, 206, and 208, and a

multiplexer 209. I/O test control circuit 222 includes a delay circuit 210, a transmission flip-flop
201, a transmission multiplexer 211, a transmission driver 215, a sampler flip-flop 212, a sampler
multiplexer 213, a receiver 217, and a pass circuit 218.

[0023] In scan chain 220, the four registers 202, 204, 206, and 208 form a 4-bit shift
register to store a scan vector received serially via a scan in (“SCN IN”) port through four scan
clock (“SCN CLK”) cycles. The SCN IN port serves as a test signal input port for receiving a
scan vector into scan chain 220. When the scan vector is loaded, the control signal for
multiplexer 209 (“SCN”) is set such that the input of flip-flop 206 is coupled to the output of
flip-flop 204. The first bit in the scan vector, which is stored in flip-flop 202, is the test signal
and is fed into transmission flip-flop 201. The second bit, which is stored in flip-flop 204, is fed
into delay circuit 210 and serves as a start signal to enable delay circuit 210 to generate two
timing signals, C1 and C2 (described below). The third bit in the scan vector, which is stored in
flip-flop 206, is an optional bit. The fourth bit in the scan vector, which is stored in flip-flop 208,
enables pass circuit 218.

[0024] After the scan vector has been loaded, the bit stored in flip-flop 204 enables delay
circuit 210. The bit stored in flip-flop 208 enables pass circuit 218, so that the driver on the
output is looped back to the receiver on the input. Upon receiving the start signal from flip-flop
204, delay circuit 210 produces two timing signals, C1 and C2, based on an on-chip clock signal
(“CLK”). Delay circuit 210 can accept external test parameters to program the delay between C1
and C2 via a test parameter input port (denoted as "P_TEST IN"). Cl1 is used to trigger
transmission flip-flop 201, which outputs the test signal (first bit in the scan vector) to driver 215.
Note that multiplexer 211 is set by a test enable signal such that driver 215 is coupled to the
output flip-flop 201 during testing. During normal operation, multiplexer 211 couples driver 215
to the regular output data from the chip. Similarly, multiplexer 213 is set to couple receiver 217
to flip-flop 212 during testing, and regular input data during normal operation.

[0025] Timing signal C2 is used to trigger flip-flop 212, which samples the test signal
received by receiver 217. After sampling, flip-flop 212 outputs the detected test signal to one of
the inputs of multiplexer 209. Subsequently, SCN is set to allow the sampled test signal to be
passed to the input of flip-flop 206 (as opposed to the output of flip-flop 204 when the scan
vector is loaded). At the next triggering edge of SCN CLK, flip-flop 206 outputs the sampled
test signal to the input of flip-flop 208, which in turn outputs the test signal to the SCN OUT port
at the following SCN CLK cycle.

[0026] Pass circuit 218 can be implemented in various ways. For example, pass circuit

218 can include a pass gate, a tri-state gate, a multiplexer, or a combination of logic gates. FIG.
4
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2B illustrates an exemplary pass circuit based on a two AND gates 272 and 274, and an OR gate

276. The test enable signal (denoted as "TEST," which is the output of flip-flop 208 in FIG. 2A)
and its compliment turn on and off the pass circuit.

[0027] FIG. 3 presents an exemplary timing diagram illustrating the two timing signals.
As described above, the delay circuit can use an on-chip clock (“CLK”) as its reference. Such
on-chip clock can be produced by a phase lock loop (PLL) on the chip, if the clock is distributed
externally. When the delay circuit is enabled by the START signal (the second bit in the scan
vector), timing signal C1 is produced at the next rising edge of CLK. The second timing signal
C2 is then produced after an amount of delay determined by a test parameter, which can be
internally generated or externally provided. The amount of delay between C1 and C2 in this
example is two CLK cycles.

[0028] Without losing generality, the delay between C1 and C2 can be programmable to
reflect the delay introduced by the pass circuit as well as the native delay in the interconnects.
Furthermore, various circuit designs can be used to implement the programmable delay function.
For example, the delay circuit can include a programmable digital delay circuit, a programmable
analog delay circuit (such as an analog delay vernier circuit), or a combination of both. In one
embodiment, C1 can correspond to a rising edge of CLK, and C2 can correspond to a falling
edge of CLK. This way, the resolution of the delay can be effectively half the CLK cycle,
assuming a 50% duty cycle. In addition, vernier circuits can be used to further adjust the delay
between C1 and C2 to achieve a sub-clock-cycle timing resolution.

[0029] In one embodiment, the amount of C1/C2 delay produced by the delay circuit is
calculated from a value loaded into a shift register from the test head. The shift register could be
part of the scan chains on the chip. As described above, different values could be loaded to test
the delay faults. FIG. 4 illustrates an exemplary implementation of delay circuit 210. In this
example, delay circuit includes a set of programmable delay lines 402 and a number of registers
404. Programmable delay lines 402 can be based on any type of digital or analog delay circuit.
Registers 404 can store the delay value, which is used to generate C1 and C2.

[0030] Since the delay between C1 and C2 can be programmed, it is possible to use
different C1/C2 delays to detect delay faults in the chip. A test parameter, such as a C1/C2 delay
value, can be loaded into programmable delay lines 402 via a test parameter input port 403. FIG.
5A illustrate an example where the signal path is healthy and the test signal propagates from the
output to the input with expected delay. In this example, the test signal has a value of “1” and
the transmitter transmits the test signal at the rising edge of C1. The ideal signal transition edge
at the receiver is indicated by a dotted line. Assume that the actual received signal transition is

approximately at the ideal position. In a first test, C2 is delayed after C1 by more than the ideal
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delay amount (the rising edge of C2 is after the dotted line). As a result, the sampled scan out

value is “1.” In a second test, C2 is delayed after C1 by less than the ideal delay amount (the
rising edge of C2 is before the dotted line). As a result, the sampled scan out value is “0.”
Therefore, when the test signal is “1” and the I/O functioning properly with the correct amount of
delay, the two scan outputs with more-than-ideal and less-than-ideal C2 delays would be “1” and
“0,” respectively.

[0031] Now, assume that due to defects the signal path introduces a greater-than-ideal
amount of delay beyond an acceptable range, as illustrated in FIG. 5B. The test signal edge
received by the receiver is positioned after dotted line. In a first test where C2 is delayed by a
more than ideal delay amount but still within the acceptable range, the sampled scan out value
would be “0,” because the actual received test signal edge is after C1’s rising edge. In a second
test where C2 is delayed by less than the ideal delay amount but still within the acceptable range,
the sampled scan out value would also be “0.” Therefore, when the test signal is “1” and the 1/O
introduces a greater than ideal amount of delay beyond an acceptable range, the two scan outputs
with more-than-ideal and less-than-ideal C2 delays would both be “0.”

[0032] Assume further that due to defects the signal path introduces a less-than-ideal
amount of delay beyond an acceptable range, as illustrated in FIG. 5C. The test signal edge
received by the receiver is positioned before the dotted line. In a first test where C2 is delayed
by a less than ideal delay amount but still within the acceptable range, the sampled scan out value
would be “1,” because the actual received test signal edge is before the dotted line. In a second
test where C2 is delayed by less than the ideal delay amount but still within the acceptable range,
the sampled scan out value would also be “1,” because the actual received test signal edge is
before C1°s rising edge. Therefore, when the test signal is “1”” and the I/O introduces a less than
ideal amount of delay beyond an acceptable range, the two scan outputs with more-than-ideal and
less-than-ideal C2 delays would both be “1.”

[0033] The delay fault testing circuit described above can also be used for post-assembly
test. The interconnected chips can be tested from one side; hence coordinated testing of both
chips would not be necessary. This feature reduces testing time and complexity and facilitates
more efficient and cost-effective post-assembly integrity test.

[0034] FIG. 6A illustrates an exemplary two-chip configuration for testing delay faults in
their interconnects. In this example chips 606 and 604 are vertically stacked. A pass circuit 603
couples chip 606’s output to its input, and pass circuit 602 couples chip 604’s output to its input.
During testing, pass circuit 603 is turned off, and pass circuit 602 is turned on. The delay circuit

in chip 606 is configured properly to account for the extra delay introduced by chip 604. As a



10

15

20

25

30

WO 2012/115840 PCT/US2012/025311
result, the test signal traverses the two contact points at the 1/O interface, and the inter-chip delay

faults can be detected.

[0035] Note that the testing can be done in both directions. As illustrated in FIG. 6B,
pass circuit 602 is turned on, and pass circuit 603 is turned off. The test signal is transmitted
from chip 604, passed by pass circuit 603, and received by the receiver on chip 604. Note that
the pass circuits in these examples are bi-directional, so that a test signal can pass through the
pass circuit from either side.

[0036] FIG. 6C presents a flowchart illustrating the process of testing delay fault in a pair
of stacked chips with a configuration similar to that illustrated in FIG. 6A, in accordance with
one embodiment. During the testing process, the pass circuit in the upper chip (such as chip 604
in FIG. 6A) is turned on (operation 632). Next, the test parameter in the lower chip (such as chip
606 in FIG. 6A) is set to account for the pass circuit delay and inter-chip delay (operation 634).
The scan vector is then loaded into the lower chip (operation 636). Subsequently, transmission
and sampling in the lower chip are triggered using C1 and C2 generated by the delay circuit in
the lower chip, respectively (operation 638).

[0037] The SCN signal in the lower chip is set to scan the sampled test signal (operation
638). The test equipment then compares the scan output with the transmitted test signal
(operation 640). In one embodiment, the test equipment can further determine whether
additional scanning with a different delay parameter is needed (operation 642). If so, the testing
sequence is repeated, starting from operation 632. Otherwise, the testing equipment determines
whether a delay fault is detected (operation 644).

[0038] Typically, defects can be detected through changes in delay. For example, delays
smaller than expected could indicate voids that reduce capacitance. Delays larger than expected
could indicate defects to ground or other types of sink, which increase leakage conductance.

[0039] FIG. 7 illustrates another test configuration for two stacked chips. In this
example, chip 703 is stacked on top of chip 701. Chip 702 includes a pass circuit 702. Chip 703
includes two pass circuits, 706 and 704. On chip 703, pass circuit 704 is placed between the
output of driver 705 and the input of receiver 707. Pass circuit 706 is placed between the input
of driver 705 and the output of receiver 707. By turning off pass circuits 702 and 706 and
turning on pass circuit 704, the test equipment can test the delay characteristics of the driver and
receiver on chip 701 and the interconnects (similar to the example in FIG. 6A). Alternatively,
one can turn off pass circuits 702 and 704, and turn on pass circuit 706. This configuration
allows testing of the drivers and receivers on both chips, and hence can provide more information

on the health of the chip stack.
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[0040] In one embodiment, the delay testing circuit can be used to detect delay faults in

the 1/0 of a chip coupled to a substrate or interposer. For example, as illustrated in FIG. &, a chip
801 can be placed next to a substrate 803 while being tested. The presence of substrate 803
changes the I/O capacitance, which in turn changes the I/O interconnects' delay characteristic.
FIG. 9 illustrates another example, where two chips 901 and 905 are stacked with a substrate 903
as an interposer.

[0041] As mentioned earlier, the capacitance of the pass circuit should ideally be kept
small, so that the associated parasitic capacitance to the I/O can be negligible. For the purposes
of illustration, assume a typical semiconductor fabrication process in which the Fan-Out of 4
(FO4) delay is 15 ps and a minimum size nFET has a gate capacitance of 40 aF and a drain or
source capacitance of 20 aF. If the TSV has a capacitance of 30 fF, then to achieve an FO4
delay, the driving inverter would need an input capacitance of 1/4 that — approximately 8 fF.
This capacitance value corresponds to approximately a 25x minimum-size driver. It is difficult,
if not impossible, to size the transmission gate in the pass circuit so as to achieve this same delay
when the chip is put to the test mode (loop-back). If nothing else, the pass circuit's load has
another TSV on it. It would have to be a very large gate, say at least 25x minimum size in order
to achieve even a 45 ps loaded delay. Such a large gate, when turned off, would increase the
load on the driver by approximately 4 fF. This load would slow the driver down by 12% and
increase its power consumption by 12%. On the other hand, if a 6x minimum-sized transmission
gate is used for the pass circuit instead, the loop-back delay in test mode becomes large — over
200 ps; but the extra loading of the transmission gate (when off) would be less than 2%. Thus
the delay and power impact in operation would be minimal.

[0042] The different scenarios are illustrated in FIG. 10 and described below:

[0043] Case 1: Normal transmission and receiving without the pass circuit. The
transmitter drives one TSV, so it needs to be a 25x minimum-size driver. The total nominal
delay through the circuit is approximately 30 ps.

[0044] Case 2: With the pass circuit, during the normal operation mode. The impact of
the pass circuit is as follows:

a. Assume that the transmission gate in the pass circuit is large (25x
minimum-size). This configuration increases the delay between two coupled

chips by 12%. It also increases the interconnect power requirement by 12%.

Both increased amounts are quite significant.

b. Now assume that the transmission gate in the pass circuit is smaller (6x
minimum-size). Both the parasitic loading and increase in power requirement are

much smaller — approximately 3%, which is negligible.
8
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[0045] Case 3: With the pass circuit, during test mode.

a. With a large (25x minimum-size) transmission gate, the loop back delay
is approximately 120 ps. Hence, timing adjustment is needed.
b. With a small (6x minimum-size) transmission gate, the loop back delay

is 280 approximately ps — only a different timing adjustment is needed.

[0046] Therefore, a small transmission gate in the pass circuit minimizes the parasitic
capacitance with respect to the chip's I/O transmitter during normal regulation, at the cost the
increased delay for the test signal. Nevertheless, this increased delay is accounted for by the
delay circuit.

[0047] The pass circuit with logic can be a good target for synthesis by putting
appropriate constraints on the timing of the path from the transmission flip-flop to the sampler
flip-flop. Minimum and maximum timing constraints could be specified in the synthesis tool. A
“no-touch” could be placed on the actual receiver and transmitter circuits, so that the strength of
those does not change. These delays could be coordinated with the synthesis of the
programmable delay circuit. For example, the latter could have multiple clock phases going to it,
facilitating the generation of a delay to a fraction of a clock period. The allowed delays in the
interconnect structure can then be calculated accordingly.

[0048] The above described embodiments may include fewer or additional components.
Components may be combined into a single component and/or the position of one or more
components may be changed.

[0049] An output of a process for designing an integrated circuit, or a portion of an
integrated circuit, comprising one or more of the circuits described herein may be a computer-
readable medium such as, for example, a magnetic tape or an optical or magnetic disk. The
computer-readable medium may be encoded with data structures or other information describing
circuitry that may be physically instantiated as an integrated circuit or portion of an integrated
circuit.

[0050] Although various formats may be used for such encoding, these data structures
are commonly written in Caltech Intermediate Format (CIF), Calma GDS II Stream Format
(GDSII) or Electronic Design Interchange Format (EDIF). Those of skill in the art of integrated
circuit design can develop such data structures from schematic diagrams of the type detailed
above and the corresponding descriptions and encode the data structures on a computer-readable
medium. Those of skill in the art of integrated circuit fabrication can use such encoded data to
fabricate integrated circuits comprising one or more of the circuits described herein.

[0051] While the present disclosure has been described in connection with specific

embodiments, the claims are not limited to what is shown. Moreover, some components are
9
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shown directly connected to one another, while others are shown connected via intermediate

components. In each instance the method of interconnection, or “coupling,” establishes some
desired electrical communication between two or more circuit nodes, or terminals. Such
coupling may often be accomplished using a number of circuit configurations, as will be
understood by those of skill in the art. Therefore, the spirit and scope of the appended claims
should not be limited to the foregoing description. Only those claims specifically reciting
“means for” or “step for” should be construed in the manner required under the sixth paragraph

of 35 US.C. §112.

10
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What is claimed is:

1. An integrated circuit (IC) chip, comprising:

a signal output via which an outgoing signal is transmitted;

a signal input via which an incoming data signal is received;

5 a pass circuit to couple the signal output to the signal input during testing of the IC chip;

and

a delay circuit to produce a first timing signal and a second timing signal during testing of
the IC chip, the second timing signal being delayed from the first timing signal according to a
test parameter, the first timing signal triggering transmission of a test signal via the signal output,

10 and the second timing signal triggering sampling of the received test signal via the signal input.

2. The IC chip of claim 1, wherein the pass circuit is configured to de-couple the

signal output from the signal input when the IC chip is not under test.

3. The IC chip of claim 2, wherein parasitic capacitance introduced by the pass
15 circuit is less than 10% of an output capacitance at the signal output when the chip is not under

test.

4. The IC chip of claim 1, wherein the pass circuit comprises one or more of:
a pass gate,
a transmission gate;
20 a logic gate;
a tri-state gate; and

a multiplexer.

5. The IC chip of claim 1, wherein the delay between the first timing signal and the
second timing signal corresponds to a delay introduced by the pass circuit between the output

25  and the input.

6. The IC chip of claim 1, wherein the delay circuit comprises a delay-configuration

mechanism which facilitates configuration of the delay.

11
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7. The IC chip of claim 6, wherein the delay-configuration mechanism comprises

one or more registers to store a delay value.

8. The IC chip of claim 1, wherein the delay circuit comprises a programmable

digital delay circuit.

5 9. The IC chip of claim 1, wherein the delay circuit comprises a programmable

analog delay circuit.

10.  The IC chip of claim 1, wherein the pass circuit comprises a pass gate the size of

which is at most six times the size of a minimum-sized driver on the IC chip.

11. The IC chip of claim 1, further comprising;:
10 a scan chain comprising a number of flip-flops to receive a scan vector;

a transmitter flip-flop configured to transmit the test signal in response to the first timing

signal; and
a receiver flip-flop configured to receive the test signal in response to the second timing

signal.

15 12. A method, comprising:

coupling an output on an IC chip to an input on the IC chip via a pass circuit included on

the IC chip;

transmitting a test signal via the output; and

sampling received test signal via the input;

20 wherein the sampling is delayed from the transmission by an amount of delay that is

determined by a test parameter.

13.  The method of claim 12, wherein the transmission is triggered by a first timing

signal; and

wherein the sampling is triggered by a second timing signal.
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14. The method of claim 12, further comprising:

comparing the value of the sample test signal with the value of the transmitted test signal.

15. The method of claim 12, further comprising configuring a delay between the

transmission and sampling.

16.  The method of claim 15, wherein the delay corresponds to a delay introduced by a

pass circuit between the output and the input.

17.  The method of claim 15, further comprising obtaining a delay value via a scan

chain.

18.  The method of claim 12, further comprising placing the chip adjacent to a

substrate.

19.  The method of claim 12, further comprising placing the chip adjacent to a second

chip, thereby allowing the test signal to propagate via the second chip.

20. The method of claim 12, further comprising:

in a first test, delaying the sampling from the transmission by an amount that is greater
than an ideal amount corresponding to a healthy signal path between the output and input; and

in a second test, delaying the sampling from the transmission by an amount that is less

than the ideal amount corresponding to a healthy signal path.

21.  The method of claim 20, further comprising determining the signal path between
the output and input of the IC chip to be healthy or faulty,

wherein the signal path is determined to be healthy when the sampled test signal is the
same as the transmitted test signal in the first test and opposite from the transmitted test signal in
the second test, and

wherein the signal path is determined to be faulty when, in both the first and second tests,

the sampled test signal is the same as or opposite from the transmitted test signal.

13
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22.  Anintegrated circuit means, comprising:
a pass circuit means for coupling an output to an input; and
a delay means for producing a first timing signal to trigger transmission of a test signal

and a second timing signal to trigger delayed sampling of the received test signal.

23. The integrated circuit means of claim 22, wherein the delay means comprises a

delay-configuration means for configuring a delay between the transmission and sampling.

24.  The integrated circuit means of claim 22, wherein the delay means comprises a

storage means for storing a delay value.

25. An integrated circuit, comprising:

a signal output via which an outgoing data signal is transmitted during normal operation
of the integrated circuit;

a signal input via which an incoming data signal is received during normal operation of
the integrated circuit;

a test signal input to receive a test signal during testing of the integrated circuit;

a transmitter circuit to transmit the test signal to the signal output in response to a first
timing signal;

a pass circuit to pass the test signal from the signal output to the signal input;

a receiver circuit to receive the test signal from the signal input in response to a second
timing signal; and

a test parameter input to receive a delay value that controls a delay of the second timing

signal from the first timing signal.

26.  The integrated circuit of claim 25, wherein the pass circuit is configured to de-

couple the signal output from the signal input.

27.  The integrated circuit of claim 25, wherein parasitic capacitance introduced by the
pass circuit is less than 10% of an output capacitance at the signal output when the chip is not

under test.

28.  The integrated circuit of claim 25, wherein the pass circuit comprises one or more

of:

14
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a pass gate,

a transmission gate;
a logic gate;
a tri-state gate; and

a multiplexer.

29.  The integrated circuit of claim 25, further comprising a timing mechanism

configured to generate the first and second timing signals.

30.  The integrated circuit of claim 29, wherein the timing mechanism is configured to

program the delay based on the received delay value.

31. The integrated circuit of claim 25, wherein the pass circuit comprises a pass gate

the size of which is at most six times the size of a minimum-sized driver in the integrated circuit.

32.  The integrated circuit of claim 25, further comprising a scan chain comprising a

number of flip-flops to receive a scan vector.
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