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Application of Area-Saving RF Test Structure
on Mobility Extraction

Jaehong Lee, Junsoo Kim, Byung-Gook Park, Jong Duk Lee, and Hyungcheol Shin

Abstract—An RF test structure is proposed and its
applicability is confirmed by measuring DC charac-
teristics and high frequency characteristics. Effective
mobility extraction is also performed to confirm the
validity of proposed test structure. The area of
suggested test structure consumed on wafer was
decreased by more than 50% and its characteristics
do not be degraded compared with conventional
structure,

Index Terms—MOSFET, RF, test structure

I. INTRODUCTION

As the semiconductor technology node decreases,
devices can be highly integrated. However the cost of
fabrication also increases. Thus it has been an important
issue to reduce the area consumption on the wafer.
However, for RF device test, large area is needed to
arrange the signal pads, thus conventional structure
consumes large wafer area. Thus there have been some
reports to reduce the chip area without any degradation
in the device performance [1,2]. In this paper, we
reduced chip area by changing device layout. When
extracting some parameters (such as carrier mobility,
velocity and so on) as well as the DC and the RF
characteristics, our work enables to reduce the area
consumption to 40% compared with the conventional
test structure.
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II. TEST STRUCTURE

In this work, we designed RF test structure to reduce
the area on the wafer. As shown in Fig. 1. (a), conven-
tional RF test structure which has two signalport —
source and body are connected to ground — occupies

- over 0.06 mm” per one device. To measure this structure,

two Ground-Signal-Ground (GSG) probes are needed. A
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Fig. 1. Schematic diagrams of RF CMOS devices with (a) GSG
pads and (b) SGS pad.
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new RF test structure proposed in this work (Fig. 1. (b))
consumes less than 0.03 mm” and needs only one Signal-
Ground-Signal (SGS) probe.

III. RESULTS AND DISCUSSION

The proposed structure has an advantage in consuming
wafer area by only 46%. However, to confirm reliability
of measured data, comparison procedures with conven-
tional RF test structure are essential. At first, we observed
DC characteristics. In Fig. 2, DC characteristics of the
NMOS device are present. Device under test (DUT) has
a 60 nm gate length, 0.8 um of unit finger width, and 32
fingers. Devices in the GSG pattern and the SGS pattern
show almost same DC I-V characteristics. S-parameter

measurement can be also performed with these structures.

Because of the parasitic components caused by pads
interconnection lines, proper de-embedding procedure of
parasitic elements is essential. In this paper, measure-
ments are performed up to 10 GHz, OS (open-short) de-
embedding method can guarantee de-embedding accuracy.
The procedure of de-embedding is as follows [3].
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Fig. 2. Comparison of DC characteristics between GSG and
SGS patterned structures. (a) Id-Vg characteristics at Vd = 0.01
Vand 1.0 V and (b) Id-Vd output characteristic.

(a) (b) (c)
Fig. 3. Schematic diagrams of the test structure used in de-
embedding procedure of (2) DUT (b) Open and (c¢) Short.
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And the schematic diagrams of the structures are

L (P 0 A

shown in Fig. 3.

As shown in Fig. 4, measured data from both structures
show almost same high frequency characteristics. In
general, 60 nm MOS device operates for above 10 GHz
frequencies. However, in this work, it is focused on the
application of RF test structure such as extracting carrier
mobility, velocity and so on. Thus the data up to 10 GHz
is enough because the channel inversion charge can be
obtained by RF C-V method, and the capacitance can be
extracted from the low frequency region [4]. Furthermore,
SGS probe tip cannot be guaranteed the accuracy of
measurement in high frequency region above 15 GHz.
Because it has just one ground line in probe tip, the
fringing field originated from signal line cannot be
shielded. Therefore this effect can be a problem at high
frequency region above 15 GHz. For high frequency
application over 15 GHz, it would be better using GSGSG
than SGS pattern. However, GSGSG pattern consumes
more area than SGS pattern. Fig. 5 shows gate-to-all
capacitance of the device. Gate-to-all capacitance is obtained
from measured Y-parameters [4]. In order to extract
cffective mobility of electrons, total inversion charge in
the channel should be known and it can be obtained by
integrating gate-to-channel capacitance [4]. Extracted Cyg
and total inversion charge are shown in Fig. 6 and 7. In
these figures, we can see that extracted parameters from
SGS patterned structure are almost the same with those
from conventional structure.

In Fig. 8, electron effective mobility is presented [5].
As shown in the figure, mobility can be extracted from

our structure and the differences with that from
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GSG and SGS patterned test structures. Real and imaginary
part of (a) Y15 (b) Y12 (¢) Y2 and (d) Yo.
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our structure consumes only 40% of area compared with electrons in channel between GSG and SGS patterned structures.

conventional structure are only less than 10%. Though
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Fig. 8. Extracted effective mobility of electrons in GSG and

SGS patterned structures.

conventional structure, but shows almost same perfor-
mances.

IV. CONCLUSIONS

In this paper, we proposed new layout of RF CMOS
devices which saves wafer area more than half of con-
ventional RF CMOS devices. DC and RF characteristics
were compared with the conventional structure, and it
was proved that the proposed structure has no degra-
dation in performance. Moreover, this test structure can
be applied to extract effective mobility of electron and
predict effective carrier velocity [6].
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