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ABSTRACT: Aiming at the problem that NiCr thin film transducer assembly is susceptible to human body electrostatic inter-
ference, the work aims to propose a method for analyzing its electrostatic discharge response characteristics, and design an elec-
trostatic protection scheme based on transient voltage suppression (TVS) diode to improve its anti-static interference ability.
Based on theoretical analysis and COMSOL multi-physics simulation software, an electrostatic discharge model of NiCr thin
film transducer assembly was constructed, and its response characteristics in human body electrostatic environment were stud-
ied, and the TVS diode was designed as a protective measure. By studying the electrostatic response characteristics of NiCr thin

film energy conversion components, the temperature and temperature distribution of the bridge area were obtained. The results
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showed that the electrostatic protection design using TVS diodes could significantly reduce electrostatic interference and

showed excellent protection effect. In the human body electrostatic discharge environment, the bridge length of the NiCr film

transducer assembly has no significant effect on the temperature, but the bridge area temperature decreases with the increase of

width and thickness. The peak current error of simulation and experimental results is within 2.5%, and the peak current is re-

duced by 40%, which verifies the effectiveness of TVS diodes in electrostatic protection and helps to improve the reliability and

safety of NiCr thin film energy conversion components.

KEY WORDS: NiCr thin film energy conversion component; electrostatic discharge; electrostatic protection; electrostatic re-

sponse; COMSOL; TVS
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nent; b) energy conversion element
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Fig.3 Electrostatic discharge current curve of human body

M 3 wTLLE H, i PSpice TNy 1Y LK
R RS AU A5 21 (1) H 3 -5 ) 26 S AR vfE b AR — 3, W
BAEPBIE AL AR b T B () 55 5 el BeF 1] 5 10 AR B
AL, T LLIAR PSpice T 37 A A E HiL i H
Py AR R AT REY o [RIRS AT LR IR, A A H H B FR 1Y
BETE 10 ps PRV B, 33X — B[] RUBE /N F 1 i 46
REALIE F B p R R[E] o S T8 FIF5, Fizad
RV TR AN L, [N BEAE#R T 2% o] A ok A B

PP FEPEAT AL, AT L2 K T ) PCB A
R4, B3N NiCr W fe g vh i, 78
COSMOL A #5719 i £k B9 NiCr B4 5 2 14 A AR
FH i R (5 B UN R 4 Fifs . NiCr e R e 40 1R 1Y
MESEOLE 1,

bichesss

NiCr #f X

Pyrex77408% 3

P4 NiCr 5 BE L1 A\ AT HL i H 7 LA TR
Fig.4 Simulation model of human body electrostatic discharge
of NiCr thin film energy conversion component

&1 NiCri#fRiRpt AR M ERIMBSH
Tab.1 Material parameters of NiCr thin film energy
conversion component simulation model

W SARNY FERE RS AR

P (kgm)W-m KU kg "K' (S'm) HUHEK
NiCr 8400 15 460 925926 1
Pyrex7740 2230 1.2 980  1x10° 6.5
#8960 400 385 5.998x107 1

1.3 N fAcH5 R Al R M R 14 53 A

1) M X SRR R A, 78 ARF K
BT, ANEJER NiCr W3 A8 21 4405 X & T+ ith
A& Sa o, Hix i EREE NiCr i g 41
W IX )2 B2 AR L B A8 fE an R 5b BraR . T 5 A 4h R
7, NiCr 8 B4 BB ZH 781 X1 04 d5e e Y B Bl NiCr
VPG R 2 AT DX Y JEL 3 T 98y . B NiCr R
P REZH R X JEE B R, ARPE L BH A K, W LAAS 21
ERCRBHBR, &R E PG Z A AR R X
R, BAESRE K, I, it NiCr
M BE AL RT, 7E R OB RV , ST
HHEHN NiCr RS RR AL 147 DX Y SR S

2) XK ESIRFAR R, 7ENRE K
AT, RAHCEE NiCr 46 i 4 447 DX it
AN 6a fran, Hodw e il B2 Bl A 4 BE T I BE AR L
fAEfban &l 6b fir7n . MIEL 6 W LA Hi, NiCr
RELH A XA BEAE 0.05~0.3 mm 224k, Hidm s iR
HRFHMEIEANE R NEHBRBORFMAET, #
RE TOAT DX B X LR T I AR A 5



21 B

R, SF . NiCr B e RE AL e i 2 B 5 By 3

<13 -

HREE/K

A [ /us
a A E] R FH I 2R

EEIRE/K

1600

1400

1200

1000

800

600

400 1 1 1 1
0.5 0.7 0.9 1.1 1.3

HRETTR B /pm
b B X B R TS {E £k

1.5

5 NiCr R BELH 11 DX T BE DX R 2 1 722 1k
Fig.5 The variation of temperature rise in the bridge area of the thin film transducer with the thickness of the bridge area:
a) curve of time-temperature rise; b) curve of bridge area thickness-temperature rise peak
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Fig.6 Temperature rise in bridge area of thin film transducer varying with length of bridge area: a) curve of
time-temperature rise; b) curve of bridge area length-temperature rise peak
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