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Abstract

An application of Scanning Tunneling Microscopy(STM) is investigated for the measurement
of 3-dimensional profiles of the macro-machined patterns of which critical dimensions lie in the
range of submicrometers. Special emphasis of this investigation is given to extending the
measuring ranges of STM upto the order of several micrometers while maintaining superb
nanometer measuring resolution. This is accomplished by correcting hysteresis effects of pi-
ezoelectric actuators by using non-linear compensation models. Detailed aspects of design and
control of a prototype measurement system are described with some actual measuring examples
in which fine IC patterns can successfully be traced with a resolution of 1 nanometer over a

surface range of 4x2 micrometers.
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Fig. 3 Operational principles of scanning tunneling
microscope
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Table 1 Characteristics of the piezoelectric ac-
tuators used in experiments

Sensitivity 6.5 xm/100 V
Maximum voltage 150V
Resonant frequency 100 kHz
Capacitance 650 nF
Maximum displacement 9.75 pm
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Fig. 5 Electrical control of scanning tunneling micro-
scope
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(a) Stylus. tip

(b) Test surface pattem

Fig. 6 SEM(scannng electron microscope) potogra-
phs of stylus tip and test surface pattern
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Fig. 7 Calibration measurement of piezoelectric
actuators for scanning
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Fig. 9 Typical hysteresis characteristics of pi-
displacement (uam) ezoelectric actuators
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Fig. 8 Nonlinear effects and mean sensitivities of
piezoelectric actuators
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Table 2 Polynomial fitting coefficients of PZT

actuators
X axis
H(V) H(V)
o 1.8821945x 106 Bo:1.7751360 x 10-°
o 4.8026639 x10-° B : 81594771 x10°8
:3.4810884 x10°7 B —2.0569806 X107
& —2.4160818 x10~° Ba: —2.5613439 101
Fitting o o
error 0.58% 0.55%
Y axis
H(V) H(V)
o 1.2904710 1078 Bo:1.2248670x10-¢
o :4.2519703 X10-° B :8.1200047 x 105
a::4.4305554 X107 B —1.6151128 1077
o —2.6797429 x10-° Bs: —5.5988908 x 10-1°
Fitting
error 0.61% 0.66%
Z axis
Hf(V) Hr(v)
a: 0.8190740 x107¢ Bo:0.4724920 x 10-¢
o :4.5307890 x10°° B :8.2315615x 1075
o 40173776 X107 Ba: —1.7815971 x 1077
o —2.6868032x10-° Ba: —4.9849197 x 1071
Fitting
Error 0.65% 0.62%
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Table 3 Polynomial fitting coefficients of PZT

actuators
X axis
4D

sign(V)>0 sign(V)<0

70 0.9840274 vo : 0.9598500
i —2.4014611 vt —2.1655838
72+ 21546738 ve: 14568191
ys: —0.79588598 vs 1 —0.3460397

Fitting error

6.99% for ADpax

7.1% for ADpax

Y axis
4D
sign(V) >0 sign(V)<0
70+ 10016000 vo: 1.0713863
7 : —2.5150850 vt —1.9494934

721 2.2757323
731 —0.7771080

v2:1.1913840
vs: —0.3098787

Fitting error

5.9% for ADnax 6.19% for ADax

Z axis

sign(\./') <0

vo: 09521409
v —1.8943356
v2:1.2053363
vs: —0.2651927

sign('\.f) >0

701 1.0101061
7 —2.5941600
721 2.4816141
731 —0.9079467

Fitting error

6.49% for ADpnax 6.8% for ADpax

ol g% 2olal 3B Y45H
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Fig. 13 Calibration result using non-linear poly-

nomials
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