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LINEWIDTD CONTROL APPARATUS AND METHOD 

Tedmic:al Field 

This invention relates to the manufacture of integrated circuits. , 
Backgro!!!!i of the Invention 

It is important ill the manufacture of typical integrated c~uits that the 
Unewidth or etched featwes be measured and monitored closely to det.ect process 
irregularities which will ultimately lead to degraded circuit performance. 
Accordingly, designers. when planning various levels of an integrated circuit, 

frequently include linewidth test patterns ~ the spaces or "streets" between 

10 individual integrated circuits. For example, when. during a typical integrated circuit 

manufactoda.g process. gates are being fonned within individual integrated circuits. 
additiOJ18.l features having the same width and material composition as the gates an:: 

formed in the streets between individual integrated circuits. These linewidth control 
features may be subsequently examined by, tor example. optical means, to determine 

15 whether the gate forming process has worked properly. Jf, upon examination, the 

linewidth control features appear to have the proper width, it is inferred that the gates 
of individual integrated circuits (which were formed at the same time and by the 

same process as the linewidth control feature) have been properly formed. However, 
optical measurement of the linewidth control feature doe..~ not necessarily provide an 

20 indicator of the elecfrical performance {or even the r..lectrical gate length) of gates 

~rit~in individual inregJ:sted c:k!:mits. Test trm.~fa!om whWh mey be fonned 
separately and apart from linewidth control functions in streets of the wafer may or 
may not have an electrical gate length which correspond.'! to the linewidtb conlrol 
.feature's nleasured optic~ dimensions. There exists a need for such correlated 

25 information. 
Summaq of the Invention 

The invention provides closely correlated .information. mustratively, the 

invention includes: 
a wafer having a plurality of partially formed integrated circuits having · 

30 gates, the circuits being separated by streets; 

a linewidtb control feature having three portions: the first and third 

portions beiug formed over thin oxide rcgio.ns. and the second portion being formed 
over a field oxide region. The third portion has adjacent source and drain regions · 
and is capable of transistor operation, while the first and second portions do not h•ve 

3S adjacent source and drain regions. 
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Another illustrative embodiment includes the method of forming a 
plurality of integrated cjrcuit.s having gatca and separated from each other by streets. 
AL luasL one lincwidth control featu~ of gate level polysilicon is formed in a .srreet 
The linewidth control feature has .ftrst, second and third portions: the first and third.ci 

5 portions are formed over thin oxide and the second portion is formed over field 
oxide. Contacts are formed to the third portion of the linewidth control feature and 
to the source and drain. 

IDustrativcly optical or SBM measurements of the first portion of the 
fcatme may be closely correlated. 

10 Brfetl>escr.lption of the Dra!!!gp 
FIG. 1 is a diagram useful in understanding an illustrative embodiment 

of the present invention. 
Detailed Desai!!!!m 

FIG. I is a diagram which represents a top-down view of a gate level 
15 linewidth control feature which may be formed in the streets between individual 

integrated circuits. The gate level linewldth control features shown as solid black 
Jines aud denoted generally by reference numeral 13 are formed upon a silicon 
substrate which .is covered by silicon dioxide 11. Silicon dioxide 11 is, typically, 
formed during the field oxide formation process and has, therefore, a thickness 

20 comparable to a typical field oxide. 

Line-width com-ol feature 13 is formed from pclysilicon during the gate 
formation proccu. Dim.ens.ion 11L11 is desirably the same as gate length of gates 
formed within individual integrated chcuits. 

Llnewidth control feature 13 has two generally perpendicular arms 15 
25 and 17. Optical, SBM or other linewidth measurement of arms 1!5 and 17 and the 

notation of any differences in lincwidth provides aa indication of the existence of 
imaging aberrations Auch as astigmatism during the lithographic pte formation 
process. L-shaped features 21 and 23 (also having a design width L) are formed 
adjacent to anns 17 and 15 and parallel then:with. Features 21 and 23 assist in 

30 calibration of magnification of the linewldth mea.u-ement system. Observation of 
features 21 and 23 together with anus 17 and lS may provide an indication of the 
existence o~ proximity effects. -

Linewidth coDlrOl feature 13 also functions, however, as a transistor 
whose clcctrical properties may be measured and correlated with optical 

3S measurements. Thin oxide ("thinox") region 29 surrounds und extends under a 
major portion of arms lS and 17. In addition, thin oxide region 31 surrounds and 
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extends under portion 16 of ann 15. Portions 42 and 44 of linewidth control feature 

13 may extend beyo~ thinox tegions 29 and 31. Field oxide 101 sepuratcs thin 

oxide region 29 and 31. Thin oxide iegion 31 is implanted during the source and 

drain formation process. Con~ indicated illustratively by openings 33, 35, 37, 

S 39, 41 and 43 are opened to the source and drain regions beneath thin oxide 31. 
Thus, it can be appreciated that a transistor has been fabricated utili:1.ing extension 16 

of arm 15 of linewidth control feature 13 when appropriate contacts to bond pads arc 

created for extension 16 and source/drain contacts 33, 35, 37, 39. 41 and 43. 
Electrical measurements of the gate length of the transistor having gate 16 may then 

l O be performed and correlated with optical or SBM measurements of the dimension L 
of ann 1 S. Similarly, if desired. source and drain regions may be created adjacent tQ 

arm 17 (in thinox region 103) and optical chatactcristics correlated with electrical 

characteristics, tbcrcby providing information about feature size control in 
orthogonal directions. 

15 Production processes may be. improved by creating linewidth control 
features 13 having integral transistors oJi a variety of different wafers . .Each 
linewidth control feature may be measured by optical or SBM means an.d then 
electrically measured. A ccmelation may be established between optical and 
electrical measurements. Subsequently produced wafers may be only optically 

20 measured andt if dctircd, their eJectrlcal characteristics inferred from previously 

obtained correlations. Tho present invention provides a n'3thod for establishing a 
tighter correlation between optical and electrical measurements of gate length. 

Previous practice pennitted the fonnatton of the opticaJly measured 

feature (such as 15) at a substantial distance from and separated from the clcctrically 

25 measured feature (e.g., 16). The present invention places the optically measured 
feature and the electrically .measured featum in very close proximity. Tims, the 
optically meuured feature and the electrically measured feature are fonned at the 
same time and io virtually identical resist-etching environments on the wafer. There 
may be minute variations in the resist deposition and etching environment (e.g .• 

30 processing environment) across the water surface. Thus, features which are formed 
at locations oo. tbe wafer which are too far apart may have different widths due to 
differences in the processing envi.romncnt. 

One might be tempted to util~ the samB feature for both optical (or 

SBM) and c.lcccrlcal mcasw:cmems. However, SBM measw:ements9 oven low 

35 voltage SBM measurements, tend to cmato stored charge in gate oxides, tbeteby 

distorting subsequent eltctrical measurements. Thus. separate features are required. 

1iU~ii1i1ilii 
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THIS SHEET H/.\S BEEN 

RtPtl\CED 

Furtbcrmo.Mt the accuracy of the optical (or SEM) measurement is 
enhanced by the presence of additional optical feature& (e.g., 21, 23) spaced a 
predetermined dialBncts fTOm the principal, somewhat longer feature (e.g .• 13), The 

presence of the additional optical features permits a pitch measurement to be made 
S optically (or by SEM). The pitch measurement, which can be made more accurately 

than a linewidth measurement. may be used to calibrate subsequent linewidth 
mea.surem.enu. However, additional optical features (e.g., 21, 23) made from gate­
level polysilicon stripes cannot be formed a predetermined distance (usually 
corresponding to the smallest pitch used jq the integrated circuits formed on the 

10 wafer) from the principal feature (e.g., U, 17) if contaet windows for electrical 
measurement are formed acljacent the principal feature. Thus, separate features for 
optical (or SBM) mea~uremeut and eleetrlcal measurement are requ.b:ed. 

The presence of field oxide 101 which separates thiaox regions 29 and 
31 insures that electrical measurements made over thinox 31 are not distorted by the 

15 presence of tbinox 29 and that these electrical measurements are representative of a 
typical tnmsistor in au integrated circuit on the wafer. 

:Formation of regions 11 and 101 takes place concurrently with field 
oxide formation in the integrated circuits on the wafer. Consequently, these regions 
may be termed "field oxides." .Formation of regions 29, 31 (and 103, if desired.) is 

20 concurrent with formation of thin oxide ("thinax") (i.e., gate oxide) regions in the 
integm.ted circuits oo the wafer. Conseq8leiltly, the.Cle regions may be also referred to 
a.ct thin oxide regions or "thinox" ~gions. Wmdows. for example 3S, 39, 33, etc. are 
formed and tilled concurrently with windows which am formed and filled in the · 
integrated circuits on the wafer. 
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* C l H S * Claims: 

1. A wafer comprising: 
a plurality of partially formed integrated circuits having gates. said 

circuits being separated by streets! 
S CHARACTBRJSBD BY 

a linewidth control feature (13) located .in a street having :first ( 15), 
second and third (16) portions, said first and third portions being formed over thin 
oxide regions (29, 31), said second portion being formed over a. field oxide region 
(101); said third portion having adjacent source and drain regions and being capable 

10 or transistor operation, and said first and second portions not having adjacent source 
and drain regions . 

15 

.2. The wafer of claim 1 in wblch said linewidlb control fcatum i1 

polysilicon and is formed simultaneously with the said gates of said integrated 

circuits. 

3. The wafer of claim 1 or claim 2 in which said linewidth control feature 
has two generally perpendicular anns (l!S,17), said second and third portions being 
on one of said arms. 

~. The wafer of claim 3 in which said lioowidtb control feature has 
additional featmes (21, 23) formed proximate and parallel to said aJ.'lllS, said 

20 additional features being pro:ximare said ftrst portion. 

5. A method of integrated circuit manufacturing including the formation 
of a plurality of integrated circuits having gates and separated from each other by 

streets: 

CHARACTERISED BY 
25 forming at least one llnewidth control fearure (13) of gate level 

polysilicon in a said street; said linewidth contrOl feature having first ( 15), second 
and third (16) portions, said first and third portions being fonned over a thin oxide 
region (29.31) and nid second portion being formed over a field oxide (101 ): 

forming a source and drain .region adjacent said third portion of said 
30 linewidth conlrul femum; 

ii1i1JD1Ui1Hr 
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* C L M S * 

forming contacts (35,33,39,37) to said third portion of linewidth control 

feature and to said souree and said drain. thereby forming a transistor in said street. 

6. . The method of clai~ 5 further including the steps of 

measuring said first portion of lincwidth control feature by optical or 

S SEM means; and 
clcctrlcally measuring the gate length of said transistor. 


