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(57) Abréegée/Abstract:

A non-contact tester for integrated circuits consists of an integrated circuit and independent scanning head, in combination. The
Integrated circuit includes a micro-fabricated wireless contact and means for sending and recelving signals via the wireless contact.
The iIndependent scanning head has a wireless contact compatible with the wireless contact on the integrated circuit. This enables
data to be exchanged with the integrated circuit to confirm proper functioning of the integrated circuit.
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ABSTRACT OF THE DISCLOSURE

A non-contact tester for integrated cilrcuits consists

of an integrated circuit and independent scanning head, 1in
combilnation. The integrated circult 1ncludes a micro-

5 fabricated wireless contact and means for sending and
receiving signals via the wireless contact. The i1ndependent
scanning head has a wireless contact compatible with the
wireless contact on the integrated circuit. This enables
data to be exchanged with the 1integrated circuit to confirm

10 proper functioning of the integrated circuit.
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TITLE OF THE INVENTION:

Non-Contact Tester For Integrated Circuits

FIELD OF THE INVENTION
The present invention relates to testers for electronic

circuits

BACKGROUND OF THE INVENTION

Electronic circuits must be tested to ensure that they
are not defective. At the present time this is done through
the use of mechanical probes. The mechanical probes touch
down on the electronic circuit and data is passed through the
circuit. However, in making contact with the electronic
circulit damages sometimes occurs when the mechanlical probes
make physical contact.

SUMMARY OF THE INVENTION

What i1is required is a tester for electronlic circuits
which is able to test the electronic circuits without making
physical contact.

According to the present invention there 1s provided a
non-contact tester for electronic c¢ircuits which consists of
an electronic circuit and independent scanning head, in
combination. The electronic circuit includes a micro-
fabricated wireless i/0 cell and means for sending and
receiving signals via the wireless contact. The independent
scanning head has a wireless i/0 cell compatible with the
wireless i/0 cell on the electronic circuit. This enables
data to be exchanged with the electronic circuit to confirm
proper functioning of the electronic cilircult.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other features of the invention will become more

apparent from the following description in which reference
is made to the appended drawings, the drawings are for the
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purpose of i1llustration only and are not intended to in any
way limit the scope of the invention to the particular

embodiment or embodiments shown, wherein:

FIG. 1 is a top plan view of an i/0 cell.

FIG. 2 1s a representation of an independent scanning head
scanning a series of electronic circuits in accordance with

the teachings of the present invention.

FIG. 3 1s a top plan view of a electronic circuit having a

plurality of i/o cells.

FIG. 4 1s an top plan view of a wafer having with a

plurality of electronic circuits.

FIG. 5, 1s a side elevation view of the non—-contact tester
constructed 1n accordance wilith the teachings of the

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment, a non-contact tester for

electronic circuits will now be described with reference to
FIGS. 1 through 5.

Referring to FIG. 2, there is provided a non-contact tester
for electronic circuits, generally referenced by numeral 10.
Non—~-contact tester 10 includes an electronic circuit 12
illustrated in FIG. 3 which has a wireless i/0 cell 14.
Referring to FIG. 1, in the illustrated embodiment, i/o cell
14 i1includes a bond pad 16, a transceiver 18, an antenna 20
and input/output elements 22, however, it will be
appreciated that 1/o0 cell 14 could work without a bond pad
16, or that antenna 20 could also function as a bond pad.
Referring to FIG. 2, electronic circuit 12 also has a radio
frequency interface generally referenced by numeral 24 for

sending and receiving signals via wireless i/0 cell 14
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1llustrated in FIG. 1.

Referring to FIG. 5, an independent scanning head generally
referenced by numeral 26 1s also provided. Independent
scanning head 26 has wireless i/0 cells 28 that are
compatible with wireless i1/0 cells 14 on electronic circuit
12 1llustrated in FIG. 3, such that data may be exchanged
confirm proper functioning of electronic circuit 12.
Referring to FIG. 5 in the illustrated embodiment,
independent scanning head 26 1s scanning a semiconductor
wafer 30 with a plurality of electronic circuits 12
patterned on it as illustrated in FIG. 4. In the illustrated
embodiment, scanning head 26 1is supported and moveable along

a supporting framework 32 so that scanning head 26 can move

over the surface of semiconductor wafer 30, however it will
be apprecliated that there are other forms of supporting and

moving scanning head 26.

A different circuit is provided for each wireless 1i/o0 cell

14 1llustrated 1in FIG. 3, to be tested by non-contact tester
10. Referring to FIGS. 3 and 4, wireless i/0 cells 28 have a
plurality of contact points which are adapted to correspond

on a one to one relationship with a plurality of contact
points provided on wireless 1/0 cell 14 of electronic

circulit 12 that 1i1s being tested.

Referring to FIG., 1, electronic circuit 12 uses radio
frequency interface 16 which includes a transmitter 18 and a
receiver 34, however it will be appreciated that in the
alternative, non-contact tester 10 could also use an optical
or a magnetic interface for sending and receiving signals.
Where an optical interface is used, the optical interface
will include at least one light emitter and at least one
li1ght receptor. Where a magnetic interface is used, the

magnetic interface will include at least on magnetic

generator and one magnetic detector.
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The use and operation of non-contact tester will be now be
described with reference to FIGS. 1 through 5. To test
cilrcuits in a non-contact manner, non-contact tester 10 1s
provided as described above. Referring to FIG. 5, wafer 30
with is positioned below independent scanning head. Scanning
head 26 1s supported by and moves along supporting framework
32 so that scanning head 26 can move over the surface of
semiconductor wafer 30, to test electronic circuits 12 on

wafer 30.

Independent scanning head 26 is has wireless i/o cells 28
compatible with wireless 1/0 cells 14 on electronic circuit
12, such that data may be exchanged with electronic circuit
12, Finally, electronic cilrcult 12 1s tested by exchanging
data with independent scanning head 26 to confirm proper
functioning of electric circuit 12. Referring to FIG. 2, a
computer 36 with a GHz vector processor 38 is provided for
controlling independent scanning head 18 and for collection
of data.

Additional Information:

Non-contact tester i1s comprised of a silicon substrate and a

plurality of microfabricated antennae structures. Each

antenna 1s located within the silicon substrate in a manner

such that when the scanning antenna 1s aligned with the DUT
(Device Under Testing) on a wafer, each antenna is
colncident in 2 dimensions to a reciprocal antenna structure
located on the DUT.

Power 1s coupled to the wafer by way of microfabricated MEMS
cantilever test probes. Alternatively, power may be coupled
using RF (radio frequency) energy by way of microfabricated
antennae structures patterned on the same substrate as the
Virtual Probe structures. Alternatively, power may be
coupied magnetically using microfabricated inductors or
transformers. Alternatively, power may be coupled optically
by way of 1ncident laser energy on a microfabricated
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structure on the DUT.

The non-contact tester comprises of a microfabricated

scanning antenna, a printed circuit board and a plurality of

electronic circuilts.

Frequency discrimination between adjacent pads 1s by way of
different oscillating frequencies. This 1is accomplished
using ring oscillator chains of different length.

Antenna size and structure on the wafer is matched to the

ring oscillator frequency.

The scanning circuits located in the scanning head "auto
tune" to the carrier frequency of the test circuit
transmitter located on the wafer. Encoded data is received

and decoded from the carrier signal.

A simple rectifier circuit is used to decode the signal

transmitted from the scanning head to the wafer.

Test vectors may be generated "on chip"™ using BIST (Built-In
Self Test) techniques. Alternatively, test vectors may be
generated using a memory element and logic sequencer.

Test vectors may be generated externally and coupled to the
DUT using the scanning head. Test vectors may be applied to

individual 1/0 pads in this way.

The present invention comprises a test circuit for testing
an electronic circuit on a wafer during wafer test
(Functional test). The present invention comprises a test
circult for testing an electronic circuit on a wafer during

wafer fabrication (Process Control Monitoring).

Antenna structures are approximately the same size as
standard i/0 cells.
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Optionally, optical methods may be used to interface to the
electronic circuit. High speed CMOS image sensors and high
speed PIN diodes.

Optionally, magnetic methods may be used to i1nterface to the
electronic circuit. High speed Giant Magneto Resistive Thin

Film heads and high speed magnetic coils.

This technology allows for testing electronic circuits
during the IC fabrication process using wireless RF
telemetry. The technology adds to or replaces existing
bonding pads 1n an electronic circuilt with an RF transceiver
device. This device can act as a bonding pad during
manufacture and test of an electronic circuit and
communicates information 1n a wireless manner. Using this
virtual Test Probe, semiconductor manufacturers can stop the
trend of growing test costs with respect to transistor
fabrication cost while at the same time improving test

performance in areas that are causing very serious problems.

Additional Benefits:

The solution saves money 1n several ways at the same time;

1. Non-contact testers are significantly less expensive than

current mechanical probe cards.

2. Non-contact testers eliminate i/0 bond pad damage during

touch downs.

3. Mechanical contact testers such as probes cards "wear
out" due to mechanical failure. Non-contact testers do not
suffer from mechanical wear and therefore require less

cleaning and maintenance.

4. Non-contact testers offer unique prototype test
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capabilities not available with conventional test methods

such as internal test points.

5. Non-contact testers can test to smaller geometries and at
higher speeds, thereby postponing expensive test equipment

upgrades.

6. Non-contact tester technology provides improved test
coverage by allowing the electronic circuit to be tested "at

speed".

in this patent document, the word "comprising" is used in
1ts non-limiting sense to mean that items following the word
are 1included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinite
article "a" does not exclude the possibility that more than
one of the element is present, unless the context clearly

requires that there be one and only one of the elements.

It will be apparent to one skilled in the art that
modifications may be made to the illustrated embodiment
without departing from the spirit and scope of the invention

as hereinafter defined in the claims.
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1. A non-contact tester for electronic circuits, comprising
in comblnation:

an electronic circuit which includes a plurality of
wireless i/0 cells and means for sending and receiving
signals via each of the at least one wireless i/0 cells, a
wireless i/0 cell being provided for each contact point on
the electronic circuit to be tested; and

an independent scanning head having a plurality of
wireless i/o cells compatible with the wireless i/0 cells on
the electronic circuit, such that data may be exchanged with
the electronic circult to confirm proper functioning of the
electronic circuit, the number of wireless i/o cells on the
independent scanning head corresponding 1n a one to one
relationship with the number of wireless i/o cells on the

electronic circult being tested.

2 . The non-contact tester for electronic circuilts as
defined in claim 1, wherein the means for sending and
receiving signals via each of the wireless i/o cells is a

radio frequency interface.

3. The non—-contact tester for electronic circuits as

defined in claim 2, wherein the radioc frequency interface
includes at least one transmitter and at least one receiver.

q The non-contact tester for electronic circults as

defined in claim 1, wherein the means for sending and
receiving signals via each of the wireless i/o cells is an

optical interface.

5. The non-contact tester for electronic circuits as
defined in claim 4, the optical interface includes at least

one light emitter and at least one light receptor.

6. The non-contact tester for electronic circuits as

defined in claim 1, wherein the means for sending and
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receiving signals via each of the wireless i/o cells 1s a

magnetic ilnterface.

7. The non-contact tester for electronic circults as
defined in claim 6, wherein the magnetic interface 1includes a

magnetic detector and a magnetic generator.
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FIG. 2

10



CA 02404183 2006-10-13

32




16




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - abstract drawing

