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1. Introduction

The process parameters of a CMOS technology can
vary lot-to-lot, wafer-to-wafer, and die-to-die. Even though
there have been advancements in lithographic technology to
reduce the size of variation of identically-drawn devices,
random performance distributions of these devices still
occur because of variations in doping densities, oxide
thicknesses, and diffusion depths, just to name a few [1-3].
This variation is of critical importance in both analog and
digital circuit designs, especially in circuits that rely on
relative device matching [2,4]. Here, we report the
2-dimensional variation in a 1.3mmx1.28mm test chip fa-
bricated with 65nm CMOS technology and a comparison to
180nm CMOS technology results. Our data shows that
within a die, the 65nm CMOS variation is 4 times larger
than that for 180nm CMOS.

2. Structure of test circuit and measurement procedure

The test chip [Fig. 1] consists of 128 ring oscillator oc-
cupying 1.3mm % 1.28 mm area and fabricated in 65nm
CMOS. Each ring oscillator has 256 delay blocks with an
activating NAND gate. The 256 blocks are divided into an
upper and a lower part having 128 stages each [Fig. 2]. The
layout area of each ring oscillator is 1200um x10um. In the
delay blocks, there are 2 paths. Path 1 has to go through a
transmission gate and an inverter and the delay is termed as
T1s. Path 2 is gated and has a delay block where additional
delay is created with an inverter chain and its overall delay
is termed as T,5. The choice of any path is selected through
a control signal. With the help of a logic analyzer and a
frequency meter, the frequency/time periods of a targeted
ring oscillator have been collected for different locations of
the delay setting T

3. Measurement results

The delay of a single block 7 is the difference between
T1s and Ts, (T=Ty -Tis) and its variation has been analyzed
for location changes in horizontal and vertical directions.
The determined t variation characterizes the within-die
variation nature of an identical circuit structure in horizon-
tal direction using data from the 256 blocks of one ring
oscillator. The t variation at fixed horizontal positions in
different rows gives the variation trend along the vertical
direction. For the reported analysis, rows from top, middle
and bottom sections of the die have been chosen.

Table I shows the variation of t in a die along the hori-
zontal axis with mean (p) and 1-sigma (o) for three differ-
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ent dies over a distance of 1.3 mm. Data shows that 3o/ is
7.19%~6.07% (diel), 6.74%~5% (die 2) and 6.29%~4.68%
(die 3), respectively. The 1-c distribution is purely random
in nature and correlation is not observable, which confirms
the purely random nature of the variation with no syste-
matic errors. Also, the p values show that there is no per-
sistent systematic variation in any die. Table I additionally
shows the comparison of the t variation of a single delay
block from 3 different dies for 180 nm [4] test chips. The
3o/ (%) values for a row reveal that the amount of hori-
zontal variation for 65 nm is much larger than for 180 nm
CMOS. Even though the distance in horizontal direction is
1.6 times larger in 180 nm case, the measured horizontal
variation of t for 65nm technology proves that 3o/p (%) is
4~7 times increased over the 180 nm technology. Table I
also reveals that the value of 3o/u for 65 nm at a particular
position in die is changing 1.5 times from maximum to
minimum value for 3 different dies, while this change is
around 2 times for 180nm CMOS. This result (although
only for 3 dies) indicates that the main variation increase
from 180nm to 65nm CMOS comes from the within-die
variation.

For the vertical analysis, we have chosen sixteen posi-
tion along the upper section of a ring oscillator (example,
delay stage 1, 9, ...128) in a die. Here, the delay has a
slight increase on the right side of the die and this is com-
mon for the 3 analyzed dies which may point to a syste-
matic variation in the die [Fig. 3], which may be caused by
the power supply layout. Table II listed the measured p,
1-c and 3o/p for 65nm CMOS at different vertical posi-
tions for rows and a comparison is done with previous
180nm [4] test data. The apparently larger variation in ver-
tical direction for 180nm CMOS is mainly explained by a
systematic variation in vertical direction.

3. Conclusions

Here, we have analyzed location based 2-dimensional
process variation in 65nm CMOS and compared our results
to that of 180nm CMOS. The measurement data showed 4
times larger within-die variation for 65nm in comparison to
180nm CMOS. Special attention is needed for effective
power supply routing because the measurement data may
reflects insufficiencies as a systematic variation.
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