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Study on neural network PID control for micro-displacement
stage of Scanning Tunneling Microscope
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Abstract: A control scheme for micro-displacement stage of Scanning Tunneling Microscope (STM)
based on the neural network was proposed,in which piezoelectric ceramics is used as the micro-dis-
placement actuator of stage to compensate the rough displacement of the servo mechanism. The prin-
ciple of the actuator was analyzed and the mathematical model was set up. With the stage controlled
by the neural-network PID controller in close loop,the weights of BP network and the parameters of
PID controller could be adjusted to reduce the displacement error of stage by the function of self-learn-
ing and adaptability in real time. Experiments of stage displacement using the special electronic ceram-
ics power were conducted. The results show that the response time for a micro displacement of 11. 41
pm is shortened from 1.5 s to 1 s, and the stable error is reduced from 3. 13% to 1. 05%. The stabili-

ty and positioning precision are improved and the performance of Scanning Tunneling Microscope is
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enhanced compared with the traditional PID controller.

Key words: Scanning Tunneling Microscope(STM) ; precision stage; PID control; neural network; a-

daptive control

1 31 =

FIR % A (STMD & E it 22 80 4L &
JRE K F) — Fof 2 T 20 M A0 = 4 T T H K T AR
G RAGRG I HEAR . W B WU AL RS % B
TATAEE A 0] Bt MCAT 45 B o o AR ME I8 2 X — A
JEZR L B LA H AT STM — fie R 1 h £l Al v HIL 3K
2l B R R AR 5 0 H s v B T 9K 8l A9 Bl 16258 T
PR MBC A RIALAE T s, X AR 25 A RE RS SE B AR
B MR AL 8% R E £ M B 22 AP L DRIE 23 #r B0
T T el P9 RS AR J3E R 3% i oo L[] A 20 4
1] % G M) SO 3 JRE DR L R P AR O HORERR R . AE
STM TAEd e A% TAE & 2 AE &k i 22
AN E S D BRI R R AU S B e A A .
B SR FH R RG PID e il AR e 52 B R % 9 42 1 %
Heo P IX — AR A T 2 2% R L i
7 —F A SR PID & S 800 I % DLE
B STM 8% TAE & S HUEL R 20K .

2 STM #/f=# T4 4

STM i A Ji B A1) A 4 1 BILIE o Y B
ROV, + e D 2 JBE 18 A 200 A T AT S ) o 1 3R
A S 71 B AR & 2 R i 5 T 2R Y B AR O
Gl <1 nm) JTESMMHL S AE T T 2
2 1 PN L 2 T #3220 1R g — R A T R
. X — (RS P = [ A4 R R A A
KA NTEFF STM H A% = 9 9 15 73 B 5 (L
T 0. 01 nm) oL ] AR L AL 3K Sl AR 5 24
FLAL Bl 5 30, th T A AR SR S0 R ML B e 452 o
R RE — B U RE I8 B fROK 2. AN BE RS B 4T PR
% ) B HRE i 2 T2 OK SR TR B R P, SR
REW 2 STM fl i (37 &% 1) 4K 2l 1 1% 3l 7 50 i T
e & B AWK AL RS 73 B, 7 STM 4K i
THARNESARBZ —,

s v g T B A DR A TR AL A 4RI B AR A% 4
Kb B o A IR | S TR A O R
37 8% L E L B P AR S T S BT

YR 25 58 AL A S B, R A i ri ATLREL 37 %
Jis v P R A B8 i 25 T 5 AN B T AR B
R DR B 8l T LA s R B R ok kb o Bl AR
B RN RS G 22 - 0 25 4R R 1 AR S0 1Y) A AR R A
R IREN T @RS A8 20K E T STM
1 24 K BB BRURE VL o AR SCAUBIE S ol T L B 28 R 5l
9 fal 2 B T A B 00 4 ol ] 2L

TR TAE G A T T H B 8 1Y H S50 4 5%
o7 JU B, HL A B R T ] Ak O T — SR — B

x(?) ¥

.

ki
m

B 1 R R 5 B 6 L8 B

Fig.1 Model of micro-displacement stage

TR s LS A 1 iR, B R R Bl
TR W BE s ko SR 22 M BCBE SR T LW B, m hyis
PRI s B e IR R 2 (o) i AL
B vy M. RGN I E A Rk
H
my () +py () + ki Hh D) y(D =k s () (1)
Zead i [CAR H , A5 B AL B8 AR & 1% 38 iR
R
Y() ko’
X)) sP+2ewstao®’
Horprok NBORAEECH b=k /(e + k) & B
W H =4/ Cmw) s NI AR ABIEH =
Lk +kRy) /m ]V

G,(s)= (2)

rk)  e(k) u(k) u(?) B0
y(k)
AD i

Bl 2 STM i B8 TAE & ¥ il 45 44 4E &
Fig. 2 Block diagram of STM stage control system

N RUEAL RS TAE G 902 B K HE » — Bk



424 2 K TR

%14 5

S R G, R EERME 2 fix, X4 STM
TAETEIE B X T I, e SR R T 2
(B O B B R B, y W S BRE . T AR08 B A
LAy W e =r—y B ORKTE 4 Y
VEFR 3R 3l i A ) e D80/ 5 P B S A4 i
y WK B E ML,y B AR A 7 1 GE AR .
HE RSB AT ¢ FTEIT AR 2
P EALIC SR s 3R Bl A s ) w AR
S e A Al R T Z R B . AR oy JT A
FAHE I 50 BE 0 i 22 Hh R R PR BURRAE . A
PP R R B AR S PR A A EAT B OE L A
RO NS BR T LAER MM IRE. C AT
STM F &t h 35 i Y

3 AL TG AP 2 M 4 PID 354

By PID st i — b e Az 7= v 3 ol >R B
Pl ks e kg i =URCT PID 42 i Sk AT 3%
NN
u(b)=u(k—1)+K,[e(k) —e(b—1) ]+ Kie (k) +
K le(k)—2e(k—1)+te(b—2)] , (3

Herp e W RG MM e () =r (k) —y (k) sr(k)
N ABE .y () N R Gehth s K, VK Ky 535
hy PID #5i g 19 Lo ] B Ao R 8K

L PID 4 1 25 53 0 1] B LS SR Bl v R
ARSI I BCA R B R R  H O AR AR R
B R R Nk AR AR KRR B O T #R R N B Y
L0 0T B A W AR AT E P RS
PID i i M 2. STM R W& A A/D Fl
D/ A 545 % 38 2l i oL B — NS R A
WE AN ANER T HI0 LA B2 A i 2 T A ] DX I A 1 1Y
AN R RNy BRI A — BbE L (153 TAE & AL S
HE 2 A 25 R R AT BE A A AR, B, BER
PID #5125 1Y 2 87 2 a2 il 2 0 2o 7 b 45 30 v
B T LS A FE 26 3% . BP B 48 I 2% SRy 3X — [1]
B HE TR IR
3.1 BP#HZEM%

22 7 2% (NN-Neural Network) 42— Fl & F
b 45 ¥ AL 15 PR 4%, B 2] e R
DL KA T BE AL BEBE ) o AR A ] B2 BE I IR B AR
U5 7 ANt 22 R DIRE . B R I S T
PID 4 il 75 P 1) 2% 42 1) 98 ) e S HE R T
1R 7% I ] 1% % (BP-Back Propagation) f 28 [ 4%

e—MARS RN Z RGNS . AE S A
ANJZRERTJZ A a2 7 o A A
T A BT R R 4% P AU(EL R L R . i R
(E 5 BCE (BLA i 22 0 P 5 2Z 18] 19 3R 22 05 5 i
HJZE 22 [ AL 47 &[] B 9 0 45 A9 ASLAEL £ 4 1)
£ I SE BRI R TR EN . IE SR
T BP #4845 B A7 8 AT 0 IR 2k eR MR BE
I3 AT E A T BB L T 45 4 A2 2] ik
] ST 5 T i A
3.2 #HEM% PID =

ST MM STM 68 TG PID 4%
WARG WA 3 FrR. MEMERERGE TR
Al A A o FUE IE R 48 AUE . 7E 2 B PID
il w19 A K a8 B AR E PR RESR AR T Y SR

Rl AL B

h, ok)

24 P
Hheens ZH].

Hk

o
R[ES

Liegir s ety |+

3 STM S fi®s LAE & & M4 PID 45 il 45
FHE 4]
Fig. 3 Block diagram of neuron PID control sys-
tem for STM stage
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Fig. 4 BP neural network with three-layers
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