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Specxﬁc 'contact resxstlvxty pe (-cm?), which can be extracte from measured contact resis-
tance R, (f1), is a commonly used nieasure of metal-semiconductor contact quality. It is indepen-
dent of current flow and contact geometry, and depends only on the transport properties of the
metal to semiconductor junction. Unfortunately, extraction of p;obtained from test structures
differing in size or design often disagree by as much as an order of magnitude primarily because
simple 1-D models which are used to extract the value of pe can not account for fnngmg resistance
associated with the 2-D nature of the current distribution around the contact [}}. For example,
in a widely used model (2] for cross bridge Kelvin resistor the expression p, = (R, x Eontact area)
is used. But in practice, a sublinear behavior is often observed in a plot of p. vs contact area, -
from which a meaningful value of p, can not be extracted if this 1-D model is used, (3].

In this work we have used a 2-D simulator to analyze three commonly used contact resistivity
measurement devices: the cross bridge Kelvin resistor, the transmission line tap resistor, and the
contact end resistor, which are all shown in Fig. 1. This analysis was used to assess the extent of
the error introduced by the use of 1-D models for extraction of p., and to develop a method by
which a 2-D model may be used to extract a more reliable value. This method is then generalized
so that a limited number of simulations may be used to extract p, from devices with a wide variety
of geometries and sheet resistances. The technique has been used to obtain p, for PtSi, Pd,Si, W
and Al contacts to N* and P+ Si with dopant concentration in the range of 10'® - 102° ¢cm™3

Fig. 2 shows the results of these simulations, where the Helmholz equation ¥*V=V/(p./R,)
was solved in the contact region, and the Laplace cquation was solved in the remainder of the
diffusion region. For the ideal structures where the contact width is the same as that of diffusion
(6=0) the conventional 1-D models shown in Fig. 1 give the same results as the 2-D models.
However, for real structures with finite values of 6 the measured values of the contact resistance
(Rs, Ry and R, for Kelvin, transmission line and end resistances, respectively) are significantly
larger than the 1-D model prediction. This is due to the added voltage which is generated by
current flowing in in the overlap region between the contact and the diffusion edge. This effect
becomes larger for lower p,, higher 6 and higher sheet resistance. Clearly the use of 1-D models
will result in overestimation of p,. This effect is most serious for the contact end resistance
structure, and least serious for the transmission line tap structure.

By systematically varying either the diffusion width or the contact area the fringing parasitic
resistance can be isolated from the true interface contact resistance by comparing the experimental
data to 2-D simulations as shown in Fig. 3 for the cases of Kelvin and contact end resistance
structures. By simulating the same device over a variety of resistivities, and by fitting the data
points to one of the simulated curves, p, can be determined. We have fabricated the three
structures on the same test chip and demonstrated that the same value of p, is obtained.

Unfortunately, this method requires a new set of simulations for each value of p, and R,. But
Ly using the previously developed theory of scaling of contacts [1,4] we have determined that a
more efficient extraction technique is to express the ratio R,/R, (where R, is actually Ry, Ry,
or R,) as a single dimensionless parameter. This parameter is plotted against any appropriate
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geometrical variable, such as contact length or contact area, resulting in a set of universal curves
which apply to a very wide range of p. and R, values. This method is illustrated in Fig. 4. and
is applicable even to the “chain of contacts™ structure, since that is simply a special case of the
transmission line. If contact length and the parameter L; are normalized to the overlap width §,
then these general curves will also apply to a wide range of contact and diffusion sizes.

The curves shown in Fig. 2 reveal that of the three test devices simulated, the end contact
resistor is the most sensitive to diffusion overlap 6. Varying this overlap from 0 to 2.5 microns can
cause the contact resistance to vary by two orders of magnitude or more. Therefore this device
cannot be relied upon to provide accurate estimates of p,. Of the two remaining structures, the
transmission line is the least sensitive to variations in geometry, but in practice it can be inac-
curate, because of the diffusion leading up to the contact. Because this diffusion is part of the
current path, and also part of the voltage tap, its resistance must be subtracted by extrapolation
from the total measured resistance. This diffusion resistance can typically be 2 orders of magui-
tude larger than Rj, rendering the subtraction very unreliable. We would therefore recommend
the cross-bridge Kelvin resistor as the most accurate of these structures, because it has a mini-
mum parasitic resistance in its voltage tap, and is therefore relatively insensitive to variations in
geometry. When used in conjunction with a 2-D model, it can provide very accurate results.
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‘ Flg 1. Test structures for contact resistance measurements along with 1-D model
expressions: (a) transmission line, (b) end contact and (c) cross bridge Kelvin
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2-D Model of Metal/Diffusion Contact
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¢ system described by .potential in diffusion ‘sheet’, V
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e V2V =0 elsewhere

e measure potential V"
R, oV




A

£A

2L

2

o

log (Ri/R)

o ! 1 LI § |rn! 1 1 1 IITI T i T:
- —— 2-D SIMULATIONS 1
- O4 EXPERIMENTAL T
| S=25 -
A A -
f-‘: \A /DC= 3.5x 10-5 3
- \‘\ {lecm2 7
I " |
L Pe= 11X 1070cm2A,

- \A\ ]
- A 1
i N -

L1 0t 1] ottt L1

1 2 3

log (CONTACT AREA IN Mim2)

17

Sa-Ala-dle akoat el sl tal Sl dul Anlh Snl Rb Rl N}

W= sy




Fa SRR R T RR T

a ARe Aus Ao das gin Sk bt Sha-din die Sha die dos-Sam e Sle il AlaARe> A Aie R A le e A e da e e

TTWYPW YU TR

oy —
o
~ded .
-
7 £ E
) 2 &
R~ a N :
~ .
=R 9 kﬁ )
e8] T @ ....
5|
S !
< g
= >
o
O |

—_—em e el e Em e e e e e e e e e - e .

(*4/® y) b9y

0,

SO N p )

AL AT

"

<

nEEEN

L AACT .. . s - - ¢ 2.3 FEEERY . » St MY v e T T v PR -
4--- Wt y e - 3 \\\1\\&- -v\.v. .-Q- y . Sy .to S L a f;-.-#-* lyl\b..

o,




|

Universal Curves from Scalinos
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Cross Bridge Kelvin Resistor
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