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Design of a temperature-controlled four-point probe system
based on Bayesian optimization of a fuzzy PID controller

Yuan Qiang Wu Binhe
(College of Physics, Donghua University,Shanghai 201600, China)

Abstract: To study the variation characteristics of sheet resistance of thin film samples under variable temperature
conditions, a device integrating a Bayesian optimization fuzzy PID temperature control system and a four-probe method
was designed. The Bayesian optimization algorithm was used to find the optimal parameter combination for the fuzzy
controller, significantly improving the temperature control accuracy of the system and greatly reducing the
experimental cost of the parameter optimization process. A highly stable constant current source circuit and a high-
precision digital voltmeter were designed for the four-probe system to ensure stable current supply and accurate voltage
measurement even when the resistance of the thin film changes by two to three orders of magnitude. Through an
efficient two-way communication protocol between the embedded system and the host computer, the duty cycle of
PWM., temperature and voltage data were synchronously transmitted in real time, achieving high-precision temperature
control and real-time calculation of the sheet resistance of the thin film samples.

Keywords: fuzzy PID;Bayesian optimization;{our-probe method;constant current source;digital voltmeter
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Fig. 1 Temperature control four-pin probe system structure
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HETEE . R4 K ADS1256 P B LME S PGA 94
fig, DAETR IR VO, B 57628 IR A b i i R AR 5 R R
HOLMEE B T PGA B E W A B M RE T
PGA & E A 1, YR 2 (PGA=1) F , % K W 51| fy
JELXTEART 20 mV, UK PGA D)4 2 645 78 =1 5 4
K (PGA=64) T, & Kl 3| i Fe 46 % {55 T 60 mV, )l
PGA ¥I# % 1, 5 AR A X (0] 0] 5 %08k G2 T 78 I 5 &
FEF 3T 344 25 A0 DD 4 T T 300 R SR T 4 v T U = A
JR R M 5

R4 TEPCAREMHERBWARE
Table 4 The full-scale input voltage for different
PGA settings

AR AHEE VIN

A
PGA i (BEIPIE Vi =2.5 V)

1 +5.000 V

2 +2.500 V

4 +1.250 V

8 +0.625 V

16 +312.500 mV

32 +156. 250 mV

64 +78.125 mV

LA 6 iz 1) 5 AU 3R BRI S3012HD i i v T {H
B X L B BIL B 3 B IR 8] 9 5% R ofe B0 57 L I 3% 3% 2k
10 YRI5 B HL P B IR SO S0 A 5 FR 0T R R
R 0.1 mV LR HUR I 3R 22 /N K

RS RBENERELR

Table 5 Comparison of voltage measurement accuracy

S3012H/V RS GV R WAY \ IE PN
M1 M2 M3 W2/ mV

4.000 100 4.000 100 4.000 100 4.000 200 0. 100
0.100 100 0.100 100 0.100 000 0.099 900 0. 200
0.010 010 0.010 020 0.010 010 0.010 000 0.010
0.001 010 0.001 010 0.001 020 0.001 010 0.010
0.000 108 0.000 109 0.000 108 0.000 107 0. 001

3 WA

AR R AR 2 S AU (chemical vapor deposition
method,CVD),#£ 1 cm X 1 cm ¥ FARIK LH & T
VO, W, SRR A BA R R BLE S VO, #B . 98 %
T LRI AR P R I IR B 5 AR X S OB S O
XERE S HEAT T R [ A a] 4 3R ok kb B8

SRR AN B 11 BTN 9 H AR, E R R L A
60 L Y50 A A B R Y 5 R DU R R G R AT L R AT
RTHAZRGEMET VO, MY J5 Y r BE Rl R Y 25
e Z , DL Fp A [) W {7 B2 (85°C 5 80°C) I £k 4 1 i 2
7 T VO, SRR I e BEEEIR BE B e R . B
2T 1 FH IR R IR R 91 2 5 R 60 min,

PRI I | e S G O AL A B

Fig. 11 Temperature measurement, voltage detection,

and constant current source modules
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Fig. 12 VO, thin film exhibits MIT characteristics during
heating and cooling (up to 85°C)
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