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F*2 25°C TARRMKENPRGMRBESMNEEEE
Tab.2 The resistance of devices and environmental
temperature difference under different pressures at 25 °C

0.404~0.624 °C; 5 MPa

-0.28%,

=3

-0.11%~
0.024~0.062 °C

f8IEfR 25 °C TARMRE N FRGRRBESR

Tab.3 Resistance of devices and drift rate under different

pressures at 25°C after correction

R, R, Rs Ry R, AT
/MPa kQ kQ kQ kQ kQ /mK
0 45271 46.978 50.157 48.885 49.220 0.000
5 45.192 46.869 50.098 48.849 49.243 -10.590
10 45.073 46.738 50.014 48.765 49.246 -12.150
15 44930 46.570 49.898 48.645 49.223 -1.770
20 44.831 46.449 49.818 48.564 49.224 -1.790
25 44710 46.323 49.726 48.465 49.222 -1.290
30 44.586 46.193 49.627 48.350 49.206 6.220
35 44.503 46.105 49.555 48.288 49.219 0.100
40 44.425 46.026 49.504 48.211 49.224 -1.850
45 44.295 45.884 49.374 48.098 49.198 9.630
50 44.254 45.838 49.344 48.060 49.228 -3.820
55 44.203 45.778 49.301 48.009 49.234 -6.420
60 44.125 45.680 49.227 47.941 49.241 -9.710
55" 44210 45.769 49.317 48.017 49.256 -16.480
50" 44.248 45.806 49.354 48.050 49.248 -13.020
45" 44313 45.863 49.412 48.119 49.247 -12.520
40" 44381 45.936 49.483 48.188 49.247 -12.210
357 44.485 46.040 49.571 48.272 49.266 -21.150
30° 44562 46.113 49.639 48.338 49.242 -10.330
25" 44.662 46.219 49.720 48.422 49.247 -12.290
20° 44762 46.310 49.781 48.491 49.222 -1.210
15 44904 46.469 49.897 48.615 49.245 -11.610
107 45.031 46.617 49.991 48.729 49.259 -17.630
5 45.172 46.788 50.082 48.826 49.250 -13.620
0 45.282 46.939 50.163 48.904 49.237 -8.060
3 Ry, Ry, R3, Ry s R
s AT
, -21.15~9.63 mK
>
> >
R, 3¢ .
R, = R,taR\AT,, 3)
, AT, p
; ;5 Ro
25 °C
3,
5 >
; 25 °C
60 MPa

—1.82%~-2.81%,

R/ Ry Ry Ry Ry Ry Ry Ry
/MPa /kQ kQ  /kQ  /kQ 1% /% 1% /%
0 45271 46.978 50.157 48.885 0.000 0.000 0.000 0.000
5 45.171 46.847 50.074 48.825 —-0.220 —0.280-0.170 —0.120
10 45.048 46.712 49.986 48.738 —0.490 —0.570-0.340 —0.300
15 44927 46.566 49.894 48.641 —0.760 —0.880—-0.520 —0.500
20 44.828 46.445 49.814 48.560 —0.980 —1.130-0.680 —0.670
25 44708 46.320 49.723 48.462 —1.240 —1.400-0.860 —0.860
30 44.599 46.206 49.641 48.364 —1.490 —1.640—-1.030 —1.070
35 44.503 46.105 49.55548.289 —-1.700 —1.860—-1.200 —1.220
40  44.421 46.023 49.500 48.207 —1.880 —2.030-1.310 —1.390
45 44314 45.905 49.39548.119 -2.110 -2.280-1.520 —1.570
50 44.246 45.830 49.33548.052 —-2.260 —2.440—-1.640 —1.700
55 44.190 45.765 49.287 47.995 —2.390 —2.580-1.730 —1.820
60 44.105 45.659 49.20547.919 —-2.580 —2.810—-1.900 —1.980
55" 44.176 45.734 49.280 47.980 —2.420 —2.650—1.750 —1.850
50" 44.221 45.778 49.324 48.021 —2.320 —2.550-1.660 —1.770
45" 44.287 45.837 49.384 48.091 —2.170 —2.430-1.540 —1.620
40" 44.356 45.910 49.456 48.161 —2.020 —2.270—1.400 —1.480
35" 44.442 45.995 49.523 48.226 —1.830 —2.090—1.260 —1.350
30" 44.540 46.092 49.616 48.315 —1.610 —1.890—1.080 —1.170
25" 44.637 46.193 49.692 48.395 —1.400 —1.670—0.930 —1.000
20" 44760 46.307 49.779 48.488 —1.130 —1.430-0.750 —0.810
15" 44.881 46.444 49.871 48.589 —0.860 —1.140-0.570 —0.600
10" 44.996 46.580 49.951 48.691 —0.610 —0.850—-0.410 —0.400
5" 45.144 46.759 50.051 48.796 —0.280 —0.470-0.210 —0.180
0" 45266 46.922 50.144 48.886 —0.010 —0.120—0.020 0.000
¥ ;5 R, R, R, RY
4 0°C
>
-17.15~49.02 mK
5 0°C
5 ;
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Tab.4 Resistance of devices and environmental temperature difference under different pressures at 0 °C

/MPa R/kQ Ry/kQ Ry/kQ Ry/kQ R./kQ AT/mK
0 152.828 158.184 169.463 165.553 166.490 0.000
5 152.004 157.178 168.566 165.031 166.065 49.020
10 151.768 156.956 168.497 164.919 166.245 28.160
15 151.384 156.549 168.196 164.601 166.233 29.540
20 150.792 155.896 167.716 164.121 166.165 37.420
25 150.470 155.582 167.474 163.865 166.177 36.030
30 150.182 155.287 167.230 163.593 166.210 32.260
35 149.822 154.925 166.945 163.291 166.238 29.030
40 149.440 154.566 166.659 162.926 166.189 34.640
45 149.239 154.356 166.467 162.697 166.243 28.450
50 148.965 154.097 166.213 162.458 166.275 24.710
55 148.644 153.761 165.893 162.133 166.186 34.990
60 148.410 153.514 165.675 161.900 166.207 32.640
55" 148.969 154.105 166.280 162.400 166.507 -2.010
50 149.181 154.296 166.503 162.616 166.473 2.000
45" 149.416 154.531 166.746 162.837 166.516 -2.960
40" 149.787 154.908 167.115 163.223 166.639 -17.150
35 149.960 155.032 167.196 163.326 166.479 1.320
30 150.340 155.415 167.573 163.693 166.532 —4.880
25" 150.659 155.733 167.834 163.935 166.532 —4.840
20 150.999 156.038 168.085 164.190 166.488 0.260
15" 151.136 156.223 168.119 164.281 166.255 27.050
10" 151.698 156.804 168.574 164.786 166.376 13.070
5" 152.199 157.382 168.944 165.175 166.419 8.220
0’ 152.649 157.888 169.244 165.429 166.327 18.710
.k
*5 BEROICTARMRENPRGRBBEESEBR
Tab.5 Resistance of devices and drift rate under different pressures at 0°C after correction
/MPa R,'/kQ R,'/kQ R;'/kQ Ry/kQ R\'I% R)'1% R5'1% R4 1%
0 152.828 158.184 169.463 165.553 0.000 0.000 0.000 0.000
5 152.395 157.583 168.999 165.454 —0.280 -0.380 -0.270 -0.060
10 151.992 157.189 168.746 165.162 —-0.550 -0.630 —-0.420 -0.240
15 151.619 156.792 168.457 164.856 -0.790 —-0.880 —-0.590 —-0.420
20 151.090 156.205 168.046 164.444 —1.140 -1.250 —-0.840 —-0.670
25 150.757 155.879 167.792 164.176 -1.350 -1.460 —-0.990 —-0.830
30 150.439 155.553 167.515 163.872 —1.560 -1.660 -1.150 -1.020
35 150.053 155.164 167.202 163.541 -1.820 -1.910 -1.330 -1.210
40 149.716 154.851 166.965 163.225 -2.040 -2.110 -1.470 -1.410
45 149.466 154.591 166.718 162.942 -2.200 -2.270 -1.620 —-1.580
50 149.162 154.300 166.431 162.672 -2.400 -2.450 -1.790 -1.740
55 148.923 154.050 166.202 162.435 -2.560 -2.610 -1.920 —-1.880
60 148.670 153.783 165.963 162.182 -2.720 -2.780 -2.060 -2.040
55" 148.953 154.089 166.262 162.383 -2.530 -2.590 -1.890 -1.910
50" 149.197 154.313 166.520 162.633 -2.380 -2.450 -1.740 -1.760
45" 149.393 154.507 166.720 162.811 -2.250 -2.320 -1.620 -1.660
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/MPa R,'/kQ R,'/kQ Ry'/kQ Ry/kQ Ri'% R,'1% Ry'1% R4'1%
40" 149.650 154.767 166.963 163.075 -2.080 -2.160 —-1.470 -1.500
35" 149.971 155.043 167.207 163.338 -1.870 -1.990 -1.330 -1.340
307 150.301 155.375 167.530 163.651 -1.650 -1.780 —-1.140 -1.150
25" 150.620 155.694 167.792 163.893 —1.440 -1.570 —-0.990 —-1.000
20° 151.001 156.040 168.088 164.192 -1.200 -1.360 —-0.810 —-0.820
15" 151.351 156.446 168.358 164.514 -0.970 -1.100 -0.650 -0.630
10" 151.802 156.912 168.689 164.899 —-0.670 -0.800 —-0.460 -0.390

5" 152.264 157.450 169.016 165.246 -0.370 -0.460 —-0.260 —-0.190
0’ 152.798 158.042 169.410 165.591 -0.020 -0.090 —-0.030 -0.020

-k
; 0 °C ,
60 MPa
—2.06%~-2.78%, 6 NTC
0.396~0.535 °C; 5 MPa —0.19%~ , ,
—0.38%, 0.036~0.073 °C ,
> 5
#z6 AREABBET NTC A EMHEENINBRE
Tab.6 The bias of temperature measurement of NTC thermistor under different pressure gradients
MPa Ry'/(mK/MPa) R,'/(mK/MPa) Ry'/(mK/MPa) Ry'/(mK/MPa)

25°C 0°C 25°C 0°C 25°C 0°C 25°C 0°C
0~5 10.020 10.970 12.520 14.670 7.360 10.480 5.420 2.290
5~10 12.200 10.250 12.900 9.660 7.740 5.730 7.960 6.750
10~15 12.170 9.500 14.020 9.740 8.190 6.550 8.870 7.110
15~20 9.940 13.560 11.640 14.490 7.170 9.350 7.490 9.610
20~25 12.100 8.540 12.140 8.040 8.080 5.800 8.940 6.260
25~30 11.020 8.190 10.990 8.090 7.390 6.320 9.090 7.120
30~35 9.660 9.950 9.880 9.660 7.700 7.170 6.940 7.750
35~40 8.320 8.730 8.030 7.800 4.960 5.420 7.520 7.440
40~45 10.870 6.470 11.520 6.510 9.390 5.670 8.160 6.650
45~50 6.960 7.900 7.300 7.270 5.400 6.600 6.270 6.380
50~55 5.670 6.240 6.400 6.280 4.390 5.280 5.270 5.600
55~60 8.730 6.580 10.360 6.700 7.360 5.500 7.070 5.990
60~55" =7.270 —-7.380 -7.380 —-7.680 -6.710 —6.900 -5.700 -4.760
55"~50" -4.590 —-6.330 -4.310 -5.610 —4.040 -5.950 -3.800 -5.910
50"~45" -6.790 ~5.090 -5.720 -4.870 ~5.400 -4.580 —6.500 -4.210
45"~40" —=7.000 —6.680 -7.180 —6.500 —6.440 -5.590 -6.470 —6.200
40"~35" -8.720 —-8.300 -8.320 —6.880 —6.080 -5.590 -6.010 —6.190
35"~30" -9.980 —-8.530 -9.400 -8.270 -8.290 —-7.380 -8.220 —-7.360
30"~25" -9.780 -8.230 -9.870 -7.910 -6.830 -5.970 -7.360 -5.670
25"~20" —12.340 -9.780 -11.050 —8.580 -7.750 —6.740 —-8.650 —6.990
20"~15" -12.180 -8.990 -13.290 —-10.040 -8.210 —6.160 -9.260 -7.520
15°~10" -11.520 -11.520 —-13.040 —11.480 -7.130 -7.510 -9.290 —-8.960
10°~5" -14.830 -11.770 -17.230 -13.200 —-8.900 -7.410 -9.610 —-8.060
5°~0" -12.140 —13.540 -15.560 —14.480 -8.270 —-8.890 —-8.230 —-8.000
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7 25 °C 0 MPa , :
5 O MPa N )
—65.03~1.48 mK 0.1%
F7 25°C TEEAMENTRMRED PEFEHHEMHE ’
ES5NEEREE 9 NTC 60 MPa
Tab.7 Resistance of devices and environmental temperature (168 h) ’

difference under different pressures in direct pressure rise and
release at 25 °C

/MPa  R/kQ Ry/kQ Ry/kQ RykQ R/KQ  AT/mK

0 45277 47.028 50.157 48.904 49.222 0

10 45.106 46.779 50.040 48.789 49.254 -14.490
0 45271 46.978 50.157 48.885 49.220 1.190
20 44.806 46.397 49.796 48.541 49.206 1.480
0 45258 46911 50.141 48.876 49.219 1.480
30 44.735 46.320 49.797 48.511 49.364 —63.860
0 45357 47.003 50.264 48.987 49.356 -60.260
40 44.461 46.037 49.551 48.267 49.304 -37.100
0 45360 46.999 50.263 48.992 49.357 -61.090

50 44359 45.933 49.469 48.179 49.363 -63.590

*

0 45350 46.996 50.255 48.978 49.366 -65.030
60 44.249 45807 49.359 48.075 49.349 -57.260
0 45.345 46.985 50.246 48979 49.355 -59.750
¥ (the depressurization value)
8 25 °C

>

#z8 BIER25°C TEEAMENAREMNRE N PEH
REEESEBE
Tab.8 The corrected resistance value and drift rate of devices

under different pressures for direct pressure rise and relief at
25°C

MP Ri/kQ R,/kQ Ri/kQ RJkQ Ri/% R)/% Rs3/% Ri/%
a

0 45.277 47.028 50.157 48.904 0.000 0.000 0.000 0.000
10 45.077 46.748 50.007 48.757 —0.440 —0.600 —0.300 —0.300
0" 45.242 46.947 50.124 48.887 —0.080 —0.170 —0.070 —0.030
20 44.777 46.367 49.763 48.544 —1.100 —1.410 —0.790 —0.730
0" 45228 46.881 50.109 48.880 —0.110 —0.310 —0.100 —0.050
30 44.705 46.289 49.764 48.371 —1.260 —1.570 —0.780 —1.090
0" 45328 46.972 50.231 48.854 0.110 —0.120 —0.150 —0.100
40 44.432 46.007 49.518 48.186 —1.870 —2.170 —1.270 —1.470
0" 45.331 46.969 50.230 48.857 0.120 —0.130 —0.150 —0.090
50 44.330 45.903 49.437 48.039 -2.090 —2.390 —1.440 —1.770
0" 45.321 46.966 50.223 48.835 0.100 —0.130 —0.130 —0.140
60 44.219 45.777 49.327 47.951 -2.340 —-2.660 —1.660 —1.950

0" 45316 46.955 50.214 48.849 0.090 —0.160 —0.110 —0.110

.« ok

0.02%~0.03%

£9 NTC 87 60 MPa T2 [E£—JE (168 h)RT /5 &Y
BAEEEN: Q)5 EBRRENA: %)
Tab.9 Resistance and drift rate of NTC thermistor before and
after one week (168 hours) of constant pressure at 60 MPa

1%

—_—

45265.700 45237.550 45265.690 45275480 0.020
46 912.050 46 884.530 46 912.040 46 923.840 0.030
50 152.200 50 118.860 50 152.200 50 160.800 0.020
48 881.180 48 855.310 48 881.170 48 896.270  0.030
49 220.710 49 179.540 49 220.700 49 220.780 0.000

[V I N VS N S }

05

(Hachiga et al, 1986, 1987), NTC

25°C 0°C

5 MPa NTC
:NTC

, 0~60 MPa,

>

0.1% ;0 25°C 0°C , 60 MPa
-1.82%~-2.81% -2.06%~-2.78%,
0.404~0.624 °C

0.396~0.535 °C, 5 MPa -0.11~
-0.28%  —0.19~-0.38%, 0.024~
0.062 °C  0.036~0.073 °C , NTC

, NTC

NTC
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EFFECT OF HYDROSTATIC PRESSURE VARIATION ON THE ELECTRICAL
CHARACTERISTIC OF NTC THERMISTORS

LIU Zun-Jing"*** ~WANG Jun-Hua" %7, TANG Xin-Qiang"*°, HUO Peng"***,
LIU Yi"***  YAO Jin-Cheng"?** ~CHANG Ai-Min"*?

(1. Key Laboratory of Functional Materials and Devices for Special Environments of CAS, Urumqi 830000, China; 2. Xinjiang Key
Laboratory of Electronic Information Materials and Devices, Urumgqi 830000, China; 3. Xinjiang Technical Institute of Physical &
Chemical of CAS, Urumgqi 830000, China; 2. School of Materials Science and Optoelectronic Technology, University of Chinese
Academy of Sciences, Beijing 100000, China)

Abstract Negative temperature coefficient (NTC) thermistors are widely used in the ocean field due to their extreme
sensitivity in a small temperature range. However, high hydrostatic pressure in abyssal ocean is detrimental to the accuracy
of temperature measurement of the device. We designed a device to simulate highpressure environment of ocean, with
which the effect of hydrostatic pressure on the electrical characteristics of bead NTC thermistor was studied under ambient
conditions of 25 °C and 0 °C in 5 MPa pressure interval in range of 0~60 MPa. The results show that the resistance value of
NTC thermistor decreases with the increase of hydrostatic pressure, the drifts caused by hydrostatic pressures in range of
5~60 MPa was —0.11%~ —2.81%, —0.19%~ —2.78% at 25 °C and 0 °C, respectively, being equivalent to a temperature drift
of 0.024~0.624 °C and 0.036~0.535 °C, respectively. This study provides guidance for improving the accuracy of
temperature measurement in abyssal ocean and facilitates the application of NTC thermistor in the field of ocean
temperature measurement.

Key words negative temperature coefficient (NTC) thermistor; deepocean temperature; high pressure simulator;
pressure effect



