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? Abstract

| This special project was developed from the previous work on scanning tunneling
5: microscope 1. Improvement on tunneling current stability was done by replacing the tungsten
E with mechanically prepared. gold probe tip, and used two-layer sand support block as an
E additional vibration isolation item. The measured current, ranges from 0.1 to 55.0 nA, vary
directly with the voltage across probe and sample and exponentially with the gap distance
between them. An integral feedback control circuit was constructed and tested without driving
piezoelectric to have the settling time of 25 msec. A high voltage power amplifier was also made

as a driver that gave output of —189.5 to 190.3 volts for 10.46 to —10.00 volts controlled input.
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(3.1

K
S

® K, = Proportional gain
® K, = Integral gain

® X, = Derivative gain
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Mx"+bx'+hkx = F (3.3)
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Ms? X(5) + bsX (s) + kX (s) = F(s) (3.4)

#1 transfer function T¥MI195885U8A X(s) Uag unm FGs) sznauiu

X(s) 1
F(s)  Ms* +bs+k G.3)
I
oM = lkg
®bh = 10N.s/m
Ok = 20N/m
OF(s)= 1
unusrasluilendudrauues 14
X(s) 3 1 (3.6)

F(s) s*+10s+20
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[~ 1 1
gatlszasdyaailaniifie nama iiftuds K, K, une K, Ndauedielslu
- Fast rise time
- Minimum overshoot

- No Steady-state error

3.3 Open -loop step response

Open-Loop Ste
0.05 v 'p P
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w SN
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o
~n

Displacement {m)
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0 N " d "
0 05 1 1.5 2
Time (sec)

31/ 3.3 UTAAINIABLTUBIVD open loop step

DC gain Y94 plant transfer function 411 1/20 4t 0.05 e thm’hwasumﬁwnﬁtwi
azifuvmﬁuvmc?wzﬁﬁ'numzmﬁauﬁ'uﬁ'mhmwﬁﬂwmﬂﬁﬁm'szﬂq‘fi # 095 Bandntumn
rise time UA1UTZIR 1 JUIN Az settling time HAsEAM 1.5 TUIN Fatunasazims
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a Ay v
NAANANIIZAIN 1A

3.4 Proportional Control
P [~ 1 '
mﬂmﬂ\muﬂmﬂﬁ'wuuﬂzmu’mzuumsﬂmﬂmmn Proportional (KP) AWIT00ANN
1 14 ] '
rise time 1A overshoot FAUNVVUUAZAIANIUAANAIANAN1IZAMN LAY transfer function

yosszuudatisuuiio 15z uunisnlugu uuY Proportional A9

X(s) B Kp
F(s) s +10s+(20+ K, )

3.7



Closed-Loop Step: Kp=300

o
@

o
o

Displacement (m)

o
~

- " "

05 1 1.5 2
Time (sec)

:5‘1]17\ 3.4 UAAIMIADUAUDIVINNIIAIUANUUY P

k4
silnsdauundasienmInILAMIUY proportional AINITOAANIAT rise time LAZAT

AMNUAANAIANTAIIZAIN , INUAT over shoot LAY AAR settling time

!
3.5 Proportional - Derivative Control
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i 3.6 Proportional-Integral control
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3.7 Proportional - Integral - Derivative control

fiN transfer function Y845z UUTANTIMSAIURULLIY PID v

X(s) K5 +K,s+K,
F(s) s +(10+K,)s* +(20+K,)s+ K,

(3.10)

Closed-Loop Step: Kp=350 Ki=300 Kd=5500
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4.5.3 MVIUVNLUITIAUGA (High Voltage Amplifier)
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Via) | V™) | L@A)
1.3 0.19 9
1.4 0.11 11
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High Volt(V) d(nm) V. (V) I(nA) In (I)
300 Gt 772 0.2 20 2.99573
290 d,,~130.29 0.11 11 2.3979
280 d,,-86.86 0.04 4 1.38629
270 d,,-43.43 0.01 1 0
260 d,, 0.005 0.5 -0.6931
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High Volt (V) |  d(nm) Vv,V I(nA) In (I,)
50 d,;-217.15 0.4 40 3.68888
40 dy~173.72 0.08 8 2.07944
30 d,,~130.29 0.065 6.5 1.8718
20 d,,-86.86 0.06 6 1.79176
10 d,,43.43 0.055 5.5 1.70475
0 dy, 0.04 4 1.38629
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In (1)

High Volt(V) d(nm) Y. I(nA) In(I,)
200 dy;-173.72 0.55 55 4.00733
190 d,;-130.29 0.1 10 2.30259
180 d,;-86.86 0.04 4 1.38629
170 d,,-43.43 0.02 2 0.69315
160 dys 0.01 1 0
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High Volt(V) | d(nm) V.V I(nA) In(1,)
350 d,173.72 0.55 55 4.00733
340 d,-130.29 0.1 10 3.55535
330 d,,-86.86 0.02 2 2.99573
320 dy,-43.43 0.01 1 2.30259
310 dy, 0.005 0.5 1.60944
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In (1)

d04-173.72 d04-130.29 d04- 86.86 d04-43.43

d(nm)

do4
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High Volt(V) d(nm) Vo) I(nA) In(I,)
350 dys~173.72 0.55 55 4.00733
340 d,-130.29 0.35 35 3.55535
330 dys-86.86 02 20 2.99573
320 dy43.43 0.1 10 2.30259
310 ds 0.05 5 1.60944
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High Volt(V) d(nm) VoY) I(nA) In (I,)
410 dy-130.29 0.4 40 3.68888
400 dy-86.86 0.04 - 1.38629
390 dy-43.43 0.02 2 0.69315
380 dye 0.001 0.1 -2.3026
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