WO 2006/049871 A1 | I |00 000 0 000 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [ mj

525 | 00O OO

International Bureau

(43) International Publication Date
11 May 2006 (11.05.2006)

(10) International Publication Number

WO 2006/049871 Al

(51) International Patent Classification:
GOIN 27/66 (2006.01) GOIR 1/07 (2006.01)
GOIN 27/70 (2006.01) GOIR 31/302 (2006.01)

(21) International Application Number:
PCT/US2005/037509

(22) International Filing Date: 19 October 2005 (19.10.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/976,694 28 October 2004 (28.10.2004)  US

(71) Applicant (for all designated States except US): AGI-
LENT TECHNOLOGIES INC. [US/US]; 395 Page Mill
Road, Palo Alto, CA 94306 (US).

(72) Inventors: TAN, Michael, R., T.; 315 Cotton Street,
Menlo Park, CA 94025 (US). NYSTROM, Michael; 1842
Charmeran Avenue, San Jose, CA 95124 (US).

(74) Agent: KRAUSE-POLSTOREFTF, Juergen; Agilent Tech-
nologies, Inc., Intellectual Property Administration, M/S
DL/429, P.o. Box 7599, Loveland, CO 80537-0599 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(84)

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: APPARATUS FOR NON-CONTACT TESTING OF MICROCIRCUITS

102
103
% 106
104~ 101
120
105~
| _125
© o ©° o140
M0—N° o o ° .
Y
145 \_155

(57) Abstract: A non-contact test method and apparatus is disclosed that can be used to test OLED flat panel TFTs. An ionized gas

is used to supply current to the device under test.



WO 2006/049871

10

15

20

METHOD AND APPARATUS FOR NON-CONTACT TESTING OF

MICROCIRCUITS

Background of Invention

There are a number of techniques for measuring voltages on liquid
crystal(LCD) flat panel displays which comply with the requirement that there be no
electrical contact on the active area of the flat panel display to avoid contamination of
the electrode surfaces although the electrical contact may be made at the edges of the
flat panel display. However, in order to test active areas of an organic light emitting
diode (OLED) display, it is necessary to measure the current on each active area. In
general, non-contact testing allows for non-destructive testing of microcircuits during
the fabrication process. For example, non-contact testing may be accomplished using
an e-beam or a corona discharge .

Non-contact e-beam testing uses an electron beam to probe the device under
test but requires operation in a vacuum chamber. Non-contact testing using a corona
discharge operates at atmospheric pressure and generates ions by applying a high
voltage to a sharp tip. The sharp tip creates a high electric field that acts to ionize the
surrounding gas. Ionizers may be alternating current (AC), steady-state direct current
(DC) and pulsed DC. AC corona jonization is typically used in heavy industrial
applications while steady-state DC and pulsed DC corona ionization are typically
used in clean rooms. Issues related to corona ionization include the requirement for
high voltages in proximity to the device under test, the need to keep corona emitter

points free from particle contamination and erosion and tip erosion..
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Summary of the Invention
In accordance with the invention, non-contact testing of microcircuits may be
accomplished at atmospheric pressure. A photoionization source is used to ionize a
specific gas tc; maximize the ionization current to the device under test. Typically, it
is desirable to maximize the ion current to minimize the integration time. An applied

voltage may be used to assist the flow of ion current to the device under test (DUT).

Brief Description of the Drawings
FIG. 1a shows a conceptual view of an embodiment in accordance with the invention
FIG. 1b shows an embodiment in accordance with the invention.
FIG. 1c shows an embodiment in accordance with the invention.
FIG. 2 shows an embodiment in accordance with the invention using an annular light

source.

Detailed Description of the Invention

FIG. 1a shows a conceptual view of an embodiment in accordance with the
invention. Compact ultraviolet photoionization source 120 is used to ionize gas 140
in ionization chamber 125. . Compact ultraviolet photoionization source 120 may be
an light emitting diode (LED), LED array or a vacuum ultraviolet photoionization
source. Typically, compact ultraviolet photoionization source 120 has an ultraviolet
transparent window made from a material such as lithium fluoride. DC voltage 145
is typically applied to electrode 110 in ionization chamber 125 with orifice 108.
Electrode 110 typically has an aperture to allow for gas 140 to flow past electrode 110
and through orifice 108 to DUT 155. An applied electric field between electrode 110

and DUT 155 accelerates the charge carriers which are electrons and positive ions
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created by ionizing gas 140. The electrons and positive ions move in opposite
directions, hence, if electrode 110 is the anode and DUT 155 is the cathode, electrons
will move to the anode while the positive ions move to the cathode. DUT 155 is
typically at zero potential and the ionization current may be measured using
transimpedance amplifier 150.

The amount of current is directly proportional to the concentration of gas 140
in ionization chamber 125. Gas 140 is introduced into ionization chamber 125
through gas inlet 105. Gas 140 is typically selected to have an ionization potential
that is less than the ultraviolet photoionization source 120 energy and as large a
photoionization cross-section as possible. Choices for gas 140 include acetone,
ethanol and 2-propenol. For example, a 10.0 eV krypton light source photoionizes
any gas molecule with an ionization potential less than 10.0 eV._Hence, a krypton
lamp, such as a krypton photoionization lamp available from CATHODEON may be
used, for example. Use of a 10.0 eV krypton light source avoids ionization of air and
water. However, acetone with an ionization potential of about 9.7 eV is completely
ionized. The amount of ionization current is typically controlled by introducing a
catrier gas, such as, for example, nitrogen, with a higher ionization potential than gas
140, such as, for example, acetone, from carrier gas reservoir 106 into ionization
chamber 125 through inlet 105 along with gas 140. The carrier gas from carrier gas
reservoir 106 is typically bubbled into bubbler 104 containing gas 140 prior to
introduction into ionization chamber 125. Valve 103 allows bypassing bubbler 104 by
the carrier gas. Mass flow controllers 101 and 102 are fluidly coupled to carrier gas
reservoir 106 and adjustment of the gas flow rate using mass flow controllers 102 and
101 adjusts the ionization current. Mass flow controller 102 allows dilution of gas 140

with the carrier gas.
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For a typical vacuum ultraviolet lamp, the photon flux is of the order 3 x 10'°
photons/sec/steradian. The active area defined by the size of the transparent window
of a vacuum ultraviolet lamp is typically on the order of 8 mm in diameter. With a 45
degree full width half maximum, this results in a net photon flux of about 3.75 x 10**
5  photons/sec. Ifit is assumed that each photon is converted to an ion, the maximum
obtainable ionization current is typically on the order of 60 pA. This value is suitable
for use in non-contact testing of microcircuits. The actual value of ionization current
that is obtainable depends on numerous factors such as the intensity of the ultraviolet
radiation, the absorption cross section of gas 140 in ionization chamber 125, the size
10  of ionization chamber 125, the concentration of ionization gas 140, the lifetime of the
ionized species and the flow rate of gas 140 through ionization chamber 125.
Because the non-contact testing is performed at atmospheric pressure, the typical
choice for gas 140 is a non-toxic gas as otherwise sufﬁciént ventilation needs to be
provided.

15 To estimate the ions which can be generated at DUT 155, the starting point is

the kinetic scheme described by the following rate equations:

M+hv—>M €))
M > M*+e ¥))
20 R=I,-I ()
R, = K[M"] Q)

where M is the ionizable gas molecule with concentration /] in moles /liter; M is
the excited gas molecule; M is positive ion and € is the electron; /v is the ionizing

25  photon energy; I ,is the initial ultraviolet photon flux, K is the rate constant with units
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of sec™; and I is the flux in ionization chamber 125. Hence, the number of photons
absorbed by gas 140 is R;.

The probability that a photon will be absorbed can be obtained from the Beer-
Lambert Law which describes the attenuation of light intensity through absorbing
media as a function of the concentration of the absorbing molecule:

I=1I,Jl-e™"] ®)
where o is the photoionization cross-section/mole of the gas molecule in meters
squared, N is Avogadro’s number and L is the absorption length. The resulting
ionization current 7 is given by:

i=1,FoN[M] 6)
where F is a Faraday (which is the product of the electric charge times Avogadro’s
number and eﬁual to 96.4853 kilocBulombs). Eq. (6) relates the fon current 7 to the
light intensity I,, concentration of gas /M], photoionization cross-section o and the
absorption length L. In accordance with the invention, it is important to maximize the
ion current generation.

In non-contact testing, an objective is to direct the ions that are generated to
the device under test. The generated ions can be made to accelerate towards DUT 155
by application of an electric potential. The current-voltage characteristic is
determined by Langmuir probe theory. See, for example, Principles of Plasma
Diagnostics by I. H. Hutchinson, pp. 55-56. Hence, it is desirable to operate in the
electron saturation regime to maximize the current produced at DUT 155.

FIG. 1b shows an embodiment in accordance with the invention. Gas 140
enters ionization chamber 126 through inlet 106 under a pressure in the range from
about 0 psi to about 15 psi. Gas 140 flows out through orifice 112 in an ionized state.

Orifice 112 is typically on the order of about 200 pm and the flow of gas 140 through
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orifice 112 has a typical Reynolds number in the range from about 1 to about 1000
where the upper limit is set to prevent formation of a blooming jet. The lower limit
for the Reynolds number is limited by the required mass flow. Vacuum ultraviolet
lamps 121 and 122 used to ionize gas 140 are positioned opposite one another at the
sides of ionization chamber 126 and separated by a distance d, typically on the order
of 1.5 mm. The separation distance d is selected to be small enough that the mean
free path for the photons from vacuum ultraviolet lamps 121 and 122 is sufficient to
ionize gas 140 in the middle of the flow path. Electrode 111, typically having an
aperture to match orifice 112 may be positioned over orifice 112. Electrode 111 may
be made from a metallized tape such as KAPTON with a deposited metal coating or a
thin metal sheet, for example. DUT 155 may be biased positively or negatively and is
typically separated from electrode 111 by a distance d’, typically in the range from
about 100 pum to about 0.5mm. Typical potential differences between electrode 111
and DUT 155 are typicallyon the order of about +10 volts to about =100 volts for
OLED testing and current flows are typically on the order of about 10 pA. Voltages
can be on the order of about + 1000 volts for test other devices.

FIG. 1c shows an embodiment in accordance with the invention. Here, gas
140 is introduced into ionization chamber 127 from the side under a pressure on the
order of 15 psi or less and vacuum ultraviolet light source 123 ionizes gas 140 from
above. The separation between vacuum ultraviolet light source 123 and orifice 113 is
typically on the order of the absorption length of the ultraviolet light in gas 140 and
may be in the range from about 100 pm to about 2 mm. Only a vacuum ultraviolet
light source is required in this embodiment. Gas 140 flows out through orifice 113 in
an jonized state. Orifice 113 is typically on the order of 200 um and the flow of gas

140 through orifice 113 has a typical Reynolds number less than about 100 to prevent
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formation of a blooming jet. The lower limit for the Reynolds number is limited by
the required mass flow. Electrode 115, typically having an aperture to match orifice
113 may be positioned over orifice 113. Electrode 115 may be made from a
metallized tape such as KAPTON with a deposited metal coating or a thin metal
sheet, for example. DUT 155 may be biased positively or negatively and is typically
separated from electrode 111 by a distance d’, typically in the range from about 100
pm to about 0.5mm. Typical potential differences between electrode 111 and DUT
155 are on the order of about 10 volts to about 100 volts and current flows are
typically on the order of about 10 pA. An advantage of this embodiment in
accordance with the invention compared to the embodiment shown in FIG. 1b is that
vacuum ultraviolet light source 123 is closer to orifice 113 resulting in an increased
ion current. A potential issue with the embodiment shown in FIG. 1c is that vacuum
ultraviolet light source 123 shines directly on DUT 155 through orifice 113 and this
may induce unwanted charge carriers on DUT 155.

FIG. 2 shows an embodiment in accordance with the invention using annular
ultraviolet source 220 to surround gas 240. Annular ultraviolet source 220 has an
annular ultraviolet transparent window to enhance current generation by providing a
larger interaction region of the ultraviolet light with gas 240. Ultraviolet source 220 is
placed inside ionization chamber 225. Gas 240 is introduced into ionization chamber
225 through gas inlet 205. In FIG. 2, DUT 255 is shown as a thin film transistor
(TFT ) that is part of a TFT array of a flat panel display, for example. Remaining
TFTs 254 are off during the test. An applied electric field is created between
electrode 210 to DUT 255 to accelerate the charge carriers. DUT 255 is typically at

zero potential.
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While the invention has been described in conjunction with specific
embodiments, it is evident to those skilled in the art that many alternatives,
modifications, and variations will be apparent in light of the foregoing description.
Accordingly, the invention is inten'ded to embrace all other such alternatives,

5  modifications, and variations that fall within the spirit and scope of the appended

claims.
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CLAIMS

1. An apparatus for non-contact testing of microcircuits (155) comprising:
an ionization chamber (125) comprising a gas inlet (105) and an orifice
5 (108,112);
a first vacuum ultraviolet light source (120,121, 123, 220) optically
coupled to the interior of said ionization chamber (125), said first
vacuum ultraviolet light source (120) capable of ionizing a gas; and
an electrode (110,111) positioned adjacent to said orifice (108, 112),
10 said electrode (110,111) having an aperture collinear with said orifice

(108,112).

2. The apparatus of Claim 1 further comprising a second vacuum ultraviolet

light source (122) optically coupled to said ionization chamber (125).

15
3. The apparatus of Claim 1 wherein said orifice (108,112) has a first diameter
on the order of about 200 pm.
4. The apparatus of Claim 1 wherein said gas (140) comprises acetone.
20

5. The apparatus of Claim 1 wherein said gas (140) has an ionization potential

lower than said first vacuum ultraviolet light source (120, 121, 123, 220).
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6. The apparatus of Claim 1 wherein said aperture has a second diameter

substantially equal to said first diameter.

7. The apparatus of Claim 1 wherein said first vacuum ultraviolet light source

5 (220) is disposed inside said ionization chamber (225).

8. The apparatus of Claim 7 wherein said first vacuum ultraviolet light source

(220) is annular (220) in shape.

10 9. The apparatus of Claim 1 wherein said first vacuum ultraviolet light source

(120,121, 220) has an ultraviolet transparent window.

10. The apparatus of Claim 1 wherein said first vacuum ultraviolet source
(120,121, 123, 220) is capable of producing photons having an energy of

15 about 10 eV.

11. The apparatus of Claim 1 wherein said electrode (110) is an anode electrode.

10
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