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Abstract: The standard resistance thermometer is an important temperature measuring instrument used in deep low-tem-
perature range. However, due to the thermal effect caused by the excitation current, the temperature of the thermometer is

usually higher than the actual temperature to be measured, this phenomenon is the self-heating effect. The correction of this
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effect is crucial for accurate temperature measurements with standard resistance thermometer. The methods for measuring and
correcting the self-heating effect are introduced, including two-current method, multi-current method, and reference ther-
mometer method. Through experimental studies at 5 K, the effects of these methods on self-heating effect measurement of the
standard rhodium-iron resistance thermometer are investigated. The results show that optimizing the configuration of the two
excitation currents in the two-current method can effectively reduce the uncertainty of self-heating effect measurement, and
the multi-current method can further reduce the uncertainty, but the degree of reduction gradually decreases with the increas-
ing number of excitation currents. Combining the above methods with the reference thermometer method can further reduce
the self-heating effect measurement uncertainty without increasing the measurement time. Considering the correction uncer-
tainty and measurement time required, it is recommended to use the general two-current method (current ratio 1 : 2) com-
bined with the reference thermometer method for measurements of standard resistance thermometer in deep low-temperature
range. The research results can provide reference for highly accurate temperature measurements of standard resistance ther-
mometers in the deep low-temperature range, such as temperature calibration, reproduction, and international comparison.

Key words: deep low-temperature range; standard resistance thermometers; correction of self-heating effect; uncertainty;
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Fig. 1 Diagram of the installation of capsule-type standard re-

sistance thermometer
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B IREFH S FE, BHL LR S22 ERT=RiTYicd
o FrvE R H BE L 1 WIKA CER6000 25Q
W T EEEIRIR LI AsL
A5 A66 A5 057121-01
o s MR-5100 L
NN PRy BER ASL WIKA CER6000 10Q
SR O
FH1%E: 201020 CTR9000 JF515: 045068-02

A FEAE T IR 2 TR TR R E 5 KR IR
65 L U= Qs o | K S I A 7 T
W 0.20mA, 0.50 mA, 0.71 mA, 1.00 mA, 1.41 mA
1.00 mA, 0.71 mA, 0.50 mA, 0.2 mA), % Hi i Jc 4
R /I B9 T D0 - 00k 8 T %) LA B3
JO7 YL, Al FL I A0 B I 25 20 10 min.
F T A SCORT BEL{EL B et B SO 9 e 10 22 48 AR <F
TPRL AT TG, SO 528 5 55 0 et v [ 4 0 R
ARG, PRI AR ™ s 428 i A ] 8l v 3t T g

1) o fi RO FE A 1.41 mA, 2% R IR Z A1 A H:
At B 4 A L DR Rl 14 e R R B, DL
TR 45 R A R RN R I Y 4 i
e, [ I [ 72 603800 L IR 0.5 mA I 225
BT, AFRAE 5 KR PR i S BRI I 80
3 EWHERKIWE

BN 2 2 i R T ) R F O A A
I RN AL 3 7R o Tz i s, 2o il ] —
Wk, Z AT A PO IESUR, 2R



724

Hos HRR

230 % 5 6 1Y)

PTG R o A5 B T e b o 22 R
PIANE S BE, I LUZANH o B A HEA T AL &

PLERENN Ty AT E L ur, h SRR Y ﬁ/ifr%io
FEAE LR WA e i it A S R, Xt
AT SR IEAT . TS R FL I Y B R
BN KNI, BRI B 42 e e 1 ARGON 8 1 I Y TR

FE(E T, MABIEASHHE BE ug, o
50044 o Bl — W
=S — BF IR
. 2.0
E
o 3
L>< 5.002 1.4 ,4@:
1.0 gz
5.000 - eSS —0.5
4.999 ‘ ‘ . : 0
50 100 150 200 250
s ] /min
B3 B 22 R A Rl HeL A AR 5 ) R

Fig. 3 The excitation current and measured temperature of the

tested and reference thermometer

3 ZwAEARAERETEFEER

P R, [ B KON 1.41 mA, 7]
RAF 4 40 W, BN(0.20 mA, 1.41 mA) . (0.50 mA,
1.41 mA).(0.71 mA,1.41 mA) F1(1.00 mA,1.41 mA),
a3 i G5y 2-1 B 2-4, Horp 2-4 B kB
PT R o 45 4 PR UL 76 H 3t 398 DR NI/ 1 )
SRR PSR 1 4B, WAL R T AR 2 2 AN
BEER IR 4 4 H I Y E ROV A8 1 g R
WK 4 Fis .

Kl 4 A B R A5 Ron AT 2% R
FE T, A Dl I T4k i — i s A
g5, TS5, XF T, BT 1 R, T, 2
T RER S B 2-1 3] 2-4 TR 151 pK, X AT RES 1
BWRAEF, FIE TR RSN T, 7
TEHR 14.6 pK I 25 o ug, S 080/ N 5 1S K, f 22
i 3% 3 e /IME 18.7 pK, B 5 2-3 45 2R 22 51 AR/,
ST L, L=1.41 mA B}, 1 7E 0.5~0.7 mA {5
RIS AT [ SO A 1E A 8 B /)N, 5 Pearce 261
MY ELIR A R A3

Kl 4 rh B A R A5 RoR S % 0 E
TR AN B I IR R RO 0 R R R T A AR, B
AZ% ., WTUER, XN T T, AXS%RE 8
TSR —BARY, B KW 250 4.3 pKo XS T ug,,

X T IS Z IR, 2-1 A1 2-2 HEARH E B RA
AR, 2-3 1 2-4 H BT E BE T B 5~15 pK, 7E 2-3
BTk B e /ME 14.4 pKo 5 BRI X F L
W 2-4 PEATIN 4, R 25 0 B 2 mT 6 ek
JINE IR R R R BIAR KA

—A-— FHRER- TS —e— L E- TS %
—A— TR ﬁﬁ%% —o— MFdRR-AS%

A
499944f o
=
< 499943 | [louK \9
\
Q
4.999 42 4
60F
L O
2 40r t10 uK ‘
s 30r A
20} \ 0
10 2'4

_EE(AKJ%%’

Bl 4 ZHEEPHELTSHRE T AR ZBRA
TR
Fig. 4 The results of different two-current groups with and

without reference thermometer in the two-current method

32 SUARAAEREITETRER

XFF 2 Lk, B2 e KHECN 1.41 mA, 7]
ARAT 6 4L —HLUR, 4 AU AN | AR, Likss
HLI A & S = 45 a3k 2 fr sl .

®2 ZEREPHRESRERAS
Tab.2 Their corresponding numbers and current combina-

tions in the multi-current method

G HLRZH A /mA

3-1 (0.20, 0.50, 1.41)
3-2 (020, 0.71, 1.41)

- 3-3 (0.20, 1.00, 1.41)
3-4 (0.50, 0.71, 1.41)
3-5 (0.50, 1.00, 1.41)
3-6 (0.71, 1.00, 1.41)
4-1 (0.20, 0.50, 0.71, 1.41)

DL 4-2 (020, 0.50, 1.00, 1.41)
4-3 (0.20, 0.71, 1.00, 1.41)
4-4 (0.50, 0.71, 1.00, 1.41)

T 5-1 (0.20, 0.50, 0.71, 1.00, 1.41)

— HL I 1) ROV B IR A5 SR AL S TR .
E%Z‘%&%TQITE/‘] THOLT, X T T, AN = H il



FLAEAN SR G Db HL BELIR BE T 11 PRI TE I 4 07 32 LU e 725

T, Fe KA 224 9.9 K, 7] L = F 30 AH b — L 3t T 42
1 To M —30E . FHr s R i R Y T A7
TEf K 13.4 uK 90 22 o Xt T uy,, 76 3-4 21 HL 3 BD
(0.50 mA, 0.71 mA, 1.41 mA) B uy, 2 /)N, 2 /IME K
14.0 pK, 8 WL MR 25%. 66 2% 1T
FITEBLF, X T Ty, 0 25 R i KA 220 4.7 uK.
Xt Fug,, M TCS % 10 BT 45 4 LR A SR A
JE R B, MR AE 5%~40% 22 18], [ RETE 3-4 4 oL 0
B uar, /N, B /IMER 11.4 pK
—A- THRTE -GS Y —e— MR- KS%
—A— PR S% —o— MRE-ASY
. 4.999 44 21:>< AAZ:XEA

< 499943 >c/9>‘°§g
®

i ©)
[10 I

3-1 3-2 3-3 3-4 3-5 3-6

4.999 42
35

30 o

PRl e 10 uK

& 20-""’./\ T _e—12
15} 8&3/\525/

S —
10

3-1 3-2 3-3 3-4 3-5 3-6
ST
K5 Zhkh A XS BEET T AR = R
HREEER
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with and without reference thermometer in the multi-

current method
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