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New Test Structure to Monitor Contact-to-Poly
Leakage in Sub-90 nm CMOS Technologies

Ming-Chu King and Albert Chin, Senior Member, IEEE

Abstract—The high leakage or even direct short between contact
and gate is a serious problem after the feature sizes are shrunk
to 65-nm technology and beyond. However, there is no suitable
test structure to effectively monitor the leakage current between
them. We have designed a new test structure which can eliminate
the drawbacks of existing test structures and effectively monitor
the leakage current between contact and gate electrode in state-of-
the-art CMOS process technology.

Index Terms—Contact, gate, leakage current, test structure.

1. INTRODUCTION

HE technology scaling of CMOS process evolves with
T scaled feature size, thinner gate oxide thickness, and lower
operation voltage. The number of transistors per chip has dou-
bled every 18 months. As the feature size is scaled down, there
is less tolerance for process control and it is more difficult to
process monitor. Therefore, effective process monitoring capa-
bility is very critical for the success of process development and
manufacturing [1]-[11].

The semiconductor manufacturing process is complicated
and involves tight control on every process step. As the feature
size is scaled, there is also smaller spacing between gate elec-
trode and contact. The direct short between gate and contact
is found to be a common phenomenon while the technology
is scaled to 65 nm and beyond. In addition to direct short
between contact and gate electrode, the leakage current along
with smaller spacing is also a critical concern for 65-nm tech-
nology as shown on Fig. 1. The taper profile of contact will
have a marginal spacing from the top of the gate. Therefore,
better control of dimension and registration is a vital factor for
both functional yield and Iddq. However, there is no suitable
test structure to effectively monitor the actual leakage current
between contact and gate electrodes. To effectively monitor the
leakage current between contact and gate electrodes, we have
designed a new test structure to eliminate the drawbacks of
current test structures. This new test structure is a breakthough
in monitoring the leakage current between contact and gate
electrodes without suffering the gate leakage and pattern dis-
tortion issues on existing test structures. This new test structure
is also scalable and can be applied to next-process generations.
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Fig. 1. TEM of marginal spacing between contact and gate electrode. Regis-
tration shift or pattern distortion will cause this failure.

II. TEST STRUCTURE DESIGN

A. Conventional Test Structures

There are two kinds of structures which are currently used to
monitor the process margin between contact and gate electrodes
in state-of-the-art processes. Fig. 2 shows the conventional test
structure which is generally used to monitor if there is a direct
short between contact and gate electrodes. However, the dom-
inant leakage current of this test structure is the gate leakage
current rather than the leakage current between contact and gate
electrodes. For conventional CMOS transistors, lightly doped
drain (LDD) was introduced to reduce the high electric field at
the drain side and improve hot-carrier-injection effect. However,
this kind of MOS transistor design will provide a conducting
path from drain to the gate edge. The applied voltage between
gate and drain will be across the gate oxide. This makes the gate
leakage current the dominant leakage current while applying
voltage between contact and gate electrodes on this kind of test
structure. As the technology scaling keeps going, thinner gate
oxide makes this situation even worse.

To resolve this gate leakage issue on conventional test
structures, a modified test structure is also used to monitor the
leakage current between contact and gate electrodes as shown
in Fig. 3. The modified test structure is to put the transistor over
the shallow-trench-isolation (STI) region which will not have
any leakage issue due to the substrate, even though there is no
gate leakage issue by this modified test structure. However,
this kind of test structure cannot reflect the real situation. The
gate patterning over the STI region will be different from the
gate patterning over silicon due to the difference of focal plane
and substrate reflectivity. Therefore, the real dimension is
different from the actual dimension if the transistor is placed
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Fig. 2. Conventional test structure used to monitor the direct short and leakage
current between contact and gate electrodes.
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Fig. 3. Modified test structure used to monitor the direct short and leakage
current between contact and gate electrodes. The transistor is placed above the
shallow-trench-isolation.

over the silicon region. On the other hand, the contact etching
will be etching the silicon dioxide rather than silicon. This will
also cause different size at the contact bottom. Therefore, this
kind of test structure cannot monitor the real situation. The
monitored leakage is measured on the distorted patterns of both
gate and contact patterning.

The other way to separate gate oxide leakage from contact-to-
poly leakage is to design a test structure with relaxed poly-to-
poly pitch. By designing a much larger poly-to-poly space for
contacts, the possibility of poly-to-contact short will be min-
imized. However, while this will help to determine the gate
leakage component, it will not supply any information about
contact to poly leakage.

B. New Test Structure

Fig. 4 shows the new test structure which can prevent the gate
leakage issue and pattern distortion of existing test structures.
The new test structure has the same physical structure as the real
circuit. The difference of the new test structure is to remove the
LDD implant in the conventional CMOS transistors. The LDD
implant will form an electrical connection between source/drain
(S/D) and gate edge. Any voltage applied on the S/D will be
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Fig. 4. New test structure designed to monitor the direct short and leakage cur-
rent between contact and gate electrode. There is no LDD in the new test struc-
ture.

electrically connected to the gate edge. This new MOS tran-
sistor can be formed by masking the N-LDD lithography layer
to block the whole test structure. This layer is the same as the
conventional N-LDD implant layer in logic process. Therefore,
there is no extra process cost for the proposed test structure.

By removing the LDD implant in the conventional MOS tran-
sistor, the applied voltage at the S/D side will cause an extended
p-depletion region below the spacer region. Most of the applied
voltage at S/D will be supported by the depletion region.

To understand how the new test structure can eliminate
the gate leakage issue, we simulated an asymmetric-LDD
device by MEDICI as shown in Fig. 5. Fig. 5(a) shows the
asymmetric-LDD transistor which blocked LDD implant at the
drain side. The Medici-simulated electrical potential (Fig. 5(b))
shows most voltage will be supported by the depletion region
under spacer even when the drain is applied 3.3 V. There-
fore, our new test structure incorporates a new MOSFET
without LDD-implant to cut the leakage path between gate and
source/drain regions.

III. EXPERIMENTAL RESULTS

The new test structure was processed on a 0.16-um logic
process technology with 0.15 pm gate length. Fig. 6 shows the
top view of the test structure including active region, poly gate,
and contacts. After the gate patterning, LDD and halo implants
for both NFET and PFET are subsequently implanted following
the lithography process. A Boolean operation is specially han-
dled to block the new test structure while making the LDD mask.
On the other hand, we also put the same test structure without
blocking the LDD implants as a standard group to compare the
electrical performance. The contacts are periodically placed on
source and drain regions with a minimum rule from the gate. The
metal-1 connects all the contacts at active region which will be
used to measure the aggregate leakage current between contact
and gate. The contacts are symmetrically placed beside the gate
electrode. Therefore, the worst leakage current between contact
and gate electrode can be detected no matter the registration shift
is to the left or to the right side. By rotating the test structure 90°,



246 IEEE TRANSACTIONS ON SEMICONDUCTOR MANUFACTURING, VOL. 21, NO. 2, MAY 2008

Gate Spacer
Source Drain

N+ \_ N+

STI N-LDD STI
Nwell Nwell
Pwell
P-substrate
(A)

e

br Gate

o~

2

[]

=

1

[

=

SE Equipotentials \&

0.5V/div

IIllllillllblllllIlllI'lllllllll‘llil'llll[l(l
-04 -03 -02 -041 0 01 02 03 04

(B)

Fig. 5. (a) Asymmetric-LDD transistor. (b) Medici-simulated electrical poten-
tial of the transistor shown in (a). The applied voltage at drain side will be sup-
ported by the depletion region under spacer.
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Fig. 6. Top view of the test structure to measure the leakage current of contact
to gate electrode. The green lines are poly gate, blue squares are contacts, and
the region within the red square is active region.

the new test structure can monitor the registration in a different
orientation.

Fig. 7 shows the Ig-Vdg characteristics of a conventional test
structure and a new test structure as shown in Fig. 6. The current
at the gate node is measured with gate applied 0 V and varying
the S/D voltage from —1.8 V to 1.8 V. The current at the gate
node will be dominated by the gate leakage current as shown by
the black square in Fig. 7. Therefore, the conventional structure
can not effectively monitor the leakage current between contact
and gate electrode. It also cannot distinguish the gate leakage
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Fig. 7. Ig-Vdg characteristics of a conventional test structure where the
leakage between gate and drain is dominated by the gate leakage. The new
test structure showed a much lower leakage between gate and drain due to the
designed potential barrier between drain and gate.

issue from the direct short between contact and gate electrode.
The measured current at the gate node on new test structure is
10 orders lower than what was measured from conventional test
structure. One important characteristic of the measured leakage
current at the gate electrode is an asymmetric curve while the
applied voltage is at the source/drain side. The leakage current
is at the level of tenth fA while the source/drain is applied posi-
tive voltage. This is because the leakage path of gate leakage is
blocked and the leakage current between contact and gate elec-
trode is very small. If there is no abnormal process issue due to
registration shift or contact sizing, the leakage current between
contact and gate electrode will be close to the nondetectable re-
gion by the measurement equipment. The leakage current will
increase monotonically while the source/drain side is applied
negative voltage. This is because the negative voltage will de-
crease the depletion region under the spacer region. This de-
crease of the depletion region will create a shorter path for the
gate leakage mechanism. Therefore, the best operation point for
the new test structure with NFET is to measure the device with a
positive voltage at the source/drain side while gate is grounded.

Our characterization results successfully proved our design.
By a proper device design with a potential barrier between
source/drain and channel, the dominant gate leakage at conven-
tional test structure can be eliminated. The physical structure of
the new test pattern is also the same as real circuit. Therefore,
this new test structure does not distort the structure and can
reflect the real situation.

The direct short of contact to gate electrodes is frequently
observed during the process developing stage at 0.13 pm, 90
nm, and 65 nm. The presence of contact to poly leakage in
additional to the existing gate leakage is an increasing chal-
lenge for process development. To make the process viable,
contact profile optimization through optical proximity correc-
tion (OPC) and lithography/etching recipes are the keys. As
technology scales further, smaller feature size requires better
process tools with better process control. Our new test struc-
ture offers an effective process monitor vehicle to distinguish
the dielectric leakage between contact and gate electrodes from
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the gate leakage current which could not be achieved before.
The experimental results also demonstrate a successful design
of our new test structure for monitoring the leakage current of
contact to gate electrode.

IV. CONCLUSION

We have designed a new test structure to effectively mon-
itor the leakage current between contact and gate electrodes.
The new test structure can eliminate the existing issues on con-
ventional test structures such as gate leakage and pattern dis-
tortion. A potential barrier between source/drain and channel is
designed into the new test structure without extra process steps
and added cost. The new test structure is also scalable and is
suitable for process monitor in sub-90 nm process technology.
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