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Abstract — The influence that short circuits have on The following Section 2 describes the design principle of the
contact hole open circuits and via hole open circuits in  novel weave test structure. Section 3 deals with the defect
regular string test structures will be investigated. To detect parameter extraction procedures. After that, test structure
open circuits as well as short circuits in adjacent conducting measurement results are presented in Section 4 that show the
layers of backend process steps, a hoveleave test structure influence of short circuits on measured data of test structures
(WTS) is presented. Numerous contact strings or via strings  designed to detect open contacts and vias.
are arranged inside boundary pads like a woven piece of
cloth. So, also short circuits between different strings are 2 PRINCIPLE DESIGN OF A WEAVE TEST STRUCTURE

electrically detectable. .
The novel weave test structure bases on a crosswise

arrangement of contact strings or via strings, respectively. The

following figure shows on the left side the connection of the
ue to the increasing number of conducting polysilicon andvias in the structures used by [IpSa77] and [MiHF92]. On the
metal layers, especially designed test structures withoutght side, our approach to connect the vias can be seen.

any active semiconductor devices gain more importance to

control layers’ integrity manufactured in backend process steps.

1 INTRODUCTION

il
Large defect sensitive areas are required to determine
systematic problems as well as random defects even if the
defect density is very low. Two major types of defects are i

responsible for the malfunction of chips: @) b)

« Short circuits inside a layer iftralayer short) and also Fig. 1: (&) Via string used by [IpSa77] and [MiHF92].
. . (b) Novel woven via strings.
between adjacent layermterlayer shorts).

Due to this arrangement the via strings have to cross each

« Contact holeopen circuits(open contacts) and via hotgen
other in a woven way illustrated in the following figure.

circuits (open vias).

[Hess93], [HeSt94] and [HeWe95] describe an efficient
method to investigate short circuits using different types of
checkerboard test structures, where comb lines are arranged in
an array of distinguishable subchips. The diode checkerboard
test structure introduced by [HeWe94a] enables also thE'9- %
detection of open circuits, but here additional diodes are
required. [IpSa77] and [MiHF92] uses strings of vias or The strings will be arranged inside given boundary pads,
contacts to investigate open contacts and open vias. But thesdere each string will be placed between two pads to enable an
strings cannot detect any shorts that might cover open failureglectrical test to detect open and short circuits. So, for a given
So, our goal is the development of a test structure which aimBame of p boundary pads a maximum of=% electrically
on open contacts, open vias, and short circuits anywhere in twigolated strings will be implemented inside a test chip. For that,
adjacent conducting layers. all n strings (indexi{1,2,...5}) will be divided into h,,,

Woven arrangement of different contact strings or via strings,
respectively.



horizontal strings (index O {1,2,..,m) andv,,,, vertical strings
(indexv O {m+1,m+2,..,n), where h,,#V,=n and 1l<m<n.

Figure 3 separately shows the horizontal and vertical strlngs

The different line styles mark electrically isolated strings.

“index of
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D input pad

Top: Vertical via strings.
Bottom: Horizontal via strings.

Fig. 3:

All horizontal and all vertical strings will be woven as
illustrated on the left side of Figure 4. This procedure to
arrange the strings yields subchips each containing a unique §
of adjacent and electrically isolated strings. The right side o
Figure 4 shows the subchip array and its row indicesnd
column indicesc. All indices (h,v & r,c) increases left to right
or top to bottom, respectively. So, for example the subchif
(r,c)=(2,3) contains the horizontal strings=2 & h=3 as well
as the vertical stringg=8 & v=9. The total number of subchips
is (har 1) (Vacl). Not only quadratic arrangements but also

subchip
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Left side: Vertical & horizontal via strings.
Right side: Subchips and their containing electrically isolated
strings.

Fig. 4:

3 DerecT PARAMETER EXTRACTION

Generally, open and short circuits are detectable, testing the
resistance between different pads or strings, respectively. Since
we know in which subchip the affected strings are designed, we
can conclude to the subchip containing the defect. The
localization facilitates an optical inspection to determine also
the defect containing layer.

To measure the resistance of the test structures, a digital
tester will be used, because the electrical test must only decide
whether there is a defect or not. The measured values are
assigned to possible defects according to the following table.

measured value expected value in |detected
voltage binary reference data type of defect
V measured< Vinreshold 0 0 defectless
Vineasured< Vinresnod 0 1 open circuit

V measurea® Vinreshold 1 0 short circuit

V measurea® V threshold 1 1 defectless

Tab. 1: Data conversion (adjustment of threshold voltage ref. [HeWe95c]).

To detect the defects inside a test chip, a "walking-one" over
all input-pads is sufficient while measuring the voltage
responses at all output-pads.

string index (
00000000011111111112
12345678901234567890
10000000000000000000
01000000000000000000
00100000000000000000
000 10000000000000000
0000 1000000000000000
00000 100000000000000
000000 10000000000000
0000000 1000000000000
00000000 100000000000
000000000 10000000000
0000000000 1000000000
00000000000 100000000
000000000000 10000000
0000000000000 1000000
00000000000000 100000
000000000000000 10000
0000000000000000 1000
00000000000000000 100
000000000000000000 10
0000000000000000000 1

* horizontal
* via strings
*

et

vertical
via strings

*
*
*
*
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#
#
#
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e

rectangular arrangements inside boundary pads could

designed.

Tab. 2: Reference data of a defectless test chip whe9 and m=10.



if less than two
horizontal strings

are connected,
use index value 0 select 2 indices (a,b)
out of a list of connected hoizontal strings (j1,j2,...)
where: b>a

select next horizontal pair (a,b;
of indices where: b > a

defect located
in subchip row

defect located
in subchip row r=1

no
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defect located
row impossible
I
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[
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if less than two
vertical strings

are connected,
use index value 0 select 2 indices (a,b)
out of a list of connected vertical strings (j1,j2,...)
where: b>a

select next vertical pair (a,b)
of indices where: b > a

defect located
in subchip col.
c=a-1orc'=a

defect located
in subchip col. c=1
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no of indices

Fig. 5: Principle to localize defects, that results in short circuits.

into line with the increasing string index. So, the string index
(h orv) is always equal to the data set indiex

If unexpected "1" values occur in one rawof a measured
response data set, the defect or defects that result in this
measured short circuit will be localized using the flow chart of
Figure 5. Here, the column indicgk,j2,... of all "1" values in
row i have to be taken into account. For that, it is necessary to
determine two subsets, one containing all indige®s of the
connected horizontal strings and the other containing all indices
j>m of the connected vertical strings. Then the subchip indices
(r,c) of all possible pairs of indicesa(b) have to be determined
separately. The white boxes represent the major path inside the
flow chart, while the other paths handle special cases with a
probability of occurrence less than 10%.

If an implemented via string connection between two pads is
interrupted inside a test chip, an unexpected "0" value occurs in
its measured response data set. The defect which results in the
measured open circuit will be localized using the flow chart of
Figure 6.

take data set row index i
containing an unexpected "0"

{1 1
o
—

defect in vertical defect in hori-
string v zontal string h
located in subchip located in subchip
columncorc rowrorr
end

Fig. 6: Principle to localize defects, that results in open circuits.

4 INFLUENCE OF SHORTS ON MEASURED DATA

A weave test structure (WTS) was manufactured at the
Institute for Microelectronics Stuttgart (IMS). The lithography
steps were performed via electron beam direct write. The WTS
has 30 via strings arranged inside 60 boundary pads, where
each string has equally designed vias. All in all 8 different via

Table 2 contains a defectless reference response data sditnensions were implemented as listed in Table 3. The
where the row index represents the test vector number and théeollowing figure shows a part of this WTS, while some details
column index represents the sequence of output pads brougtdf the woven strings can be seen in Figure 8.
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Fig. 9: Distribution of interrupted strings dependent on the number of

vias (sum of percentage values = 100%).

This distribution follows the expected binomial distribution,
where the relative frequency increases with a fa@ol.67
while the number of vias per string is doubled. So, for 2268
vias per string compared with 4486 vias per string, the length
factor 3 will be

1.67_4284 _

" = 1.58 1)
2 2268

B =
Calculations based on other via sizes yield similar results
(1.5 < B < 1.7). To compare all via strings inside the test chip,
the shorter strings with 2268 vias are giv@nl.6. According
to the number of vias per string and the frequency of
implemented strings per chipg, the absolute number of
interrupted strings will be multiplied with the total weight
factora:

)

The following table summarizes the test structure properties.

via size via overlap number of | freq. of | length | weight
vias strings | factor | factor
) . vb vl vob | vol per string | per chip| B a
Fig. 8: Detail view of a WTS. ] | ] | m] | um) a
To get data that are comparable to each other, the number pf25 | 25 | 10 | 15 4284 6 1 0.17
implemented strings per size and the number of vias perstring > | 20 | 10 | 1.0 4284 6 1 017
length factorf3) have t taken int nt. T termin
(length factorP) have to be 6_‘ € 0 accou 0 dete ® 15| 25 | 075 | o5 4284 5 1 0.20
the length factoi3, the following procedure should be used:
. . . . 15 | 20 | 05 | 05 4284 4 1 0.25
First, we determine the relative frequen€yof interrupted
strings individually counted per string for one specific via sizgf 15 | 15 | 05 | 05 4284 3 1 0.33
(e. g. 1 interrupted string out of 6 implemented strings per chip 1.0 | 20 | 05 | 05 4284 2 1 0.50
yields f=0.17). Then we individually count the number of |, | 15 | o5 | 05 2268 ) 16 | 080
interrupts per series connection of two strings. Finally, w
S . . . 1.0 | 1.0 | 05 | 05 2268 2 1.6 | 080
individually determine the number of interrupts per series

connection of three strings. Figure 9 shows the influence of th&ab. 3: Dimensions of manufactured via strings.

number of vias per string on the relative frequency of
interrupted via strings.

Using the weight factoa, Figure 10 gives the distribution of
open vias dependent on the via size.
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Fig. 13: Detail view of a detected defect that results in a short circuit.

Overall via sizes, about 12.5% of the interrupted strings are
also connected to another string by a short circuit. The
The dark gray shaded bars represent all interrupted String{gllowing figure shows the distribution of i_nter_rupted strin_gs
that are connected to other strings by a short circuit. If a tes@pen cwcwts?, c_onnected strings (short circuits), and strings
structure is used, that ignores such effects, the results may on\fg)”Iere open circuits may be covered by shorts.
give the distribution of the light gray bars. Figure 11
summarizes the relative error if short circuit defects will cover

open circuits in via strings. The Figures 12 and 13 show two
localized short circuit defects.

Fig. 10: Distribution of detected open vias.

interrupted strings (49%)

relative error int. & con. strings (7%)
50% -
§
40% -
connected strings (44%)
30% -
Fig. 14: Distribution of different types of faults.
20% - - N - I
g This distribution also indicates the major influence of short
=R
10% 4 = circuits on the malfunction of product chips. Inside the WTS,
- - - the critical area of short circuits is similar to the critical area of
0= = = short circuits inside a product chip, while the number of
1010 1.01.5 1.020 1515 1520 1.525 ; o . )
via size [um]{pm] implemented vias is more than 10 times higher than on a
Fig. 11: Relative error caused by undetected open vias covered by shdypical product chip.
circuits.

5 CoNcCLUSION

The described method to place vias or contacts as strings in
a weave test structure guarantees not only a precise
determination of open vias and open contacts but also the
determination of the influence of short circuits. Using the
localization flow charts, it is possible to conclude the subchip
that contains a defect, because each via string pair can be
clearly assigned to a specific subchip and its containing test
structure layout objects.
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Our measured data shows, that occurring short circuits cover
open via strings, and therefore falsify measured data. In the
course of this, accurate and correct data on open contacts and

vias have to be taken out of test structures that also detects
short circuits.

JOL

Fig. 12: Detail view of a detected defect that results in a short circuit.



ACKNOWLEDGMENT

Parts of this research were supported [Beutsche
ForschungsgemeinschafDFG), Schm 623/3. The authors
thank Dr. H. Richter, B. Laquai (Institute for Microelectronics
Stuttgart, Germany) for advice and assistance with testing
procedures.

REFERENCES

[Hess93] Hess, C.
Teststrukturen zur effizienten produktionsbegleitenden
Defektdiagnose und -analyse
GME-Fachtagung, Dresden, S. 485-490, 1993

[HeSt94] Hess, C., Strole, A.
Modeling of Real Defect Outlines and Defect Parameter
Extraction Using a Checkerboard Test Structure to
Localize Defects
IEEE Transactions of Semiconductor Manufacturing, Vol.
7, No. 3, 1994

[HeWe94a] Hess, C., Weiland, L. H.
Drop in Process Control Checkerboard Test Structure for
Efficient Online Process Characterization and Defect
Problem Debugging
International Conference on Microelectronic Test
Structures, 1994

[HeWe95] Hess, C., Weiland, L. H.
Defect Parameter Extraction in Backend Process Steps
using a Multilayer Checkerboard Test Structure
International Conference on Microelectronic Test
Structures, Nara, Japan 1995

[HeWe95c] Hess, C., Weiland, L. H.
Resistance Modelling of Test Structures for Accurate
Fault Detection in Backend Process Steps Using a Digital
Tester
International Conference on Microelectronic Test
Structures, Nara, Japan 1995

[IpSa77] Ipri, A. C., Sarace, J. C.
Integrated Circuit Process and Design Rule Evaluation
Techniques
RCA Review, Volume 38, Number 3, September 1977
[MiHF92] Mitchell, M. A., Huang, J., Forner, L.

Issues with Contact Defect Test Structures
IEEE International Conference on Microelectronic Test
Structures, 1992



