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Table 1. Measurement methods of the Peltier coefficient and their results.
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Fig. 1. (a) Schematic diagram of the measuring device.
Schematic diagrams of the heat balance when the system
reaches a steady state after passing (b) forward and (c) re-

verse current.

MR FHFEEFEM B STYCAST 2850F T &
PIRE R IR PSR A0 2 B7R B3 78 100300 K
PSR A 1-—1.05 Wem LKL B S5/ N TR A5
AT ARAT AT RESE I PR (53 X T3 — [
U, F T BRI 5T T B 25 dt 50 S B X I s
BRI, G 3(a) FRIFTR. 20538 T3
AMARIERE A 0TS AR)Z), 0.1, 0.4, 0.7 F1 1.0 mm
B, 38 HL S AR A R 25 AR T 2. AR 3(b) TR
SEIAT IS REAR 2B, RS 22 th 2281k Y
BRI, IR TRAWIRE NI E 4R, &
HL PSR 3R 25 O EAE T4 —, UiAR IR 2 1)
JEEEAS M B A RS A IR 2 . FEAR T A AR I 2 52 56
T, ISR B A 3] T A ot AR DA o i T 5 4 o
PN T30 VR . 9 e 1 R R A —
B, B Z R EE/NT 0.1 mm, K% IR X T B
AR R T L 2 W

1.1
I
- —
', 10f m —
54
7
g
=3
= 09F m
'Y
08 . . . . . .
60 100 140 180 220 260 300
T/K

B2 AR PR R B R

Fig. 2. Thermal conductivity « of the epoxy resin.
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Fig. 3. (a) Mathematical model for calculating the influ-
ence of resin thickness on temperature difference. The para-
meter configuration of the model is consistent with the
body. AT is the temperature difference between TC1 and
TC2, and h is the thickness of the resin layer. (b) The influ-
ence of resin layer thickness on transient temperature differ-

ence.
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300 1.88 7.33 2.56

B B Joule # Qy=12L/(c A), ¥E 5 Fourier
HQp = kAV T, WL 2. Z5 KW, 1E 100300 K
A I B BB Y, R A B Joule A R /IMI R
Fourier #4924 2.5%. NI G 2L SE0 Z008 Tk
i Joule FRXTHEANE i (R IR BE LR 3 A s i, JF
NN S TR R A 1. X RRTRATT AT LA
JH A5 000 2 118 R 225 85 LA VA s, ) 5 T A 3] A 1R
FERR AR AL IR R

2.2 ERAE

Wk AR A R Ty 2 0F 95 38 A HL L
RGBS A b o R, Gl LA S 2 AR
Peltier 2%, 7E B BHA FRICIH B, HUF
A 1l 7 R

J=—-0(VV +aVT), (6)
oT
pCpﬁ =V-(kVT)+J - E, (7)

Hrp oy 3R, VV RBEIGEE, VT R
B, p R, Gy M EEIAAS, oT /ot Rl AR 1k
R HIRER, BHRIERE. (6) RGBSR
4 Hp B L R H S RNR B S e Y. (7) 2R
HoCiR N BERY AR L (S5 20 M) A5 Tk L osiA
AR PR (A 130 AT = A /4 Joule
P (AMEE 2 0. ERAXNEHH T Peltier 20
SECGRE AR A RS IR 22 A AL, I R L 3R
BiUR | BESL Y Seebeck ZRAN . HL TR PG KL
J A R A S R A e AR s . Fop, AR e
FEMFARKARRE Ly TR AR P

W5 R FH 2 W56 BT 4 COM
SOL & WEA IR 22 Z8 )7 1195 Peltier 250 AN
FHFFE RO 2 AR, X T B A IR 22 By e ] L
ZWEANTE, RIS SR T (R ARABEHL, JT DA ZE AR v 2 i
TS R FARE. XA R SIS R, B O EG
FEG R 2 IR AREE, BT LA RS Rt i i i S
R A ST AR AN R 4 (a) s, #AH
MR | T8 B4 9.6, 2.58 F1 2.64 mm. #§
42, DB H AR B2 15954 0.2 mm. 7 COMSOL
et FH Y B I A AR, RIS BT RN E
WL SERE RS AU S 2768 NEEATT L 1008 i R
TN 164 ASIHTT, S/ NRIGHE K/NA 0.18 mm,
B RBATTHE KN N 1 mom. e A 0 H B AR Ry 2 3
vity, A7 M0 FELARAE S i T A LI, LR R AR N

068401-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 6 (2023) 068401

WAVAVAVAYL

M AVAVAVAVAVAVA)
- f
o/

AT=3.29 K

0 60 120 180
t/s

B 4 (a) FITBESEH M COMSOL B M. 5@ it (b) 0 F (c) 180 s B, 4% 5 2 11 A I 200 5 (d) 484 1, 2 2 [ (1R 22 e it

i1l A8 1 4 it £k

Fig. 4. (a) COMSOL mathematical model for transient calculation. The temperature distribution on the surface of the sample at

(b) 0 and (c) 180 s. (d) The curve of transient temperature difference between probe 1 and probe 2.

ML 2. FEEVIAMG AL E T, T 55 he B IOk
Fr—3, WA SRR DT I I A FE IR RS e I,
HoR R M E N AL 2%

P& 4(b) FIFE 4(c) £5H T 300 K BHEA 100 mA
FLIL AT (0 s) 53l HL 180 s JE e BT EE A 4
W LS, 78 A B B/ T Peltier 2%
Jof AT T BOR GE il B MBI AR A2 (0 ) b U 10T
FIEHT S (180 s). 1A 4(d) 45 T B IR 22 EH{E
BEITEI AR L. B T AR S Fa il Z [RAS AT
G A FE R LR, A0 7% A M L LT 7 A 1
FEHA M. Ak BURE S IR Q = I +
I?Ry= Ugl, Horp Uy % U0 B i IES L A
] Ug fE AU S m A BRITEA S COMSOL
AT, TS BB IR 2ZE M. 7 COM
SOL A BRye# il rp, ¥ 1, 2 B AHEE 6.7 mm
BRI S AL 22, R 4(a) B, AHLRY R
BZEMLRERXT U MREL B AT, (¢, Up).
ol FH SR /> 3R 1k AT LA 53 AL pify 2 R S e
BRSSP PR

L= t_]; A a [(ATmeas. (t) — AT, (t, UB)]th’ (8)

Hor ¢, R A BT, A Tpens (1) S S 6 I HE )
WS IR 22, TSR U 45 L kS HIMA.

SR E3R 5143 Ak T 1) H 3t R 2 ) HL G )
WA R 22 ik, DT o] LAAS 2040 R A9 1E #8240
Ug, = II + IRy MITAAIESE Uy = II - IRg.

BB Peltier ZEON

II = (Up+ + Up-)/2. 9)
AFE 1% S T Fi B
R = (Us+ — Us-)/(21). (10)

P 5(a) 451 T 7E 300 K a3 HL i A +100 mA
IS4 pH 28 RS 56 00 i 4% A - 34 U7 221 L B
Uy B8 K ZR . ARl 5(a) TR Uy BL-58.6 mV
I, L A3 5/IME 0.0087 K2 XAESS] T 1E
B Up(+100 mA) = 58.6 mV. WK 5(b) i,
2R RS H0-58.6 mV FEATHALIN | TS F Y
WEASER 22 Ih 4 5 S AE AT SRR LF

]2, YA 100 mA, AIf55] Uy (-100 mA)
= -70.1 mV. #4E (9) UF1 (10) X A] LITG 3] Pel-
tier ZBIT(+100 mA) = —64.34 mV, I A9 A
BB Rp = 57.5 mQ. X TH A +50 mA BIBEA
T2z M2k, SR R 5 a4 3 Peltier R ITHN
A H B Ry, 7098 -64.34 mV Al 43 mQ. BEA
AT EIR) Peltier 241 (-64.34 mV(4100 mA),
~64.34 mV(+50 mA)) 5RHFREENIFH Peltier
ZH0 (-64.24 mV(£100 mA),—64.17 mV(+£50 mA))
T A, ARG B AL R 5
Ranu 45 B 2 78 (9 A 3 RO A i 179 53 T F BEL7E [7]
— . IR SRR IRATR SRS A AR
B R Peltier REUETEEM).
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0.03
(a) (b) —— Cal. (Ug = —58.6 mV)
0 O Meas. (I = +100 mA)
0.02 .\
Y - Ve
3 AN
I\ /.
0.01 -__________._\!7./I
|
Lyin = 0.0087 K2 : Up = —58.6 mV
0 : L : —4.0 :
—61 —60 —59 —58 —57 —56 0 30 60 90 120 150 180
Ug/mV t/s

B 5 (a) 300 K i A FEHGRSE Uy W EARTT 2 L (b) +100 mA B FERAL U {1 (-58.6 mV) T BEAIRZ MY (meas.) 5

R (cal.) BER R] 9 A2 1

Fig. 5. (a) Plot of variance on the coefficient of the boundary heat source at 300 K; (b) the change curve of the transient temperat-

ure difference between measured value (meas.) and simulated value (cal.) with time under the condition of +100 mA current and

optimum Ug (-58.6 mV).

3 AT E ik

PR R, JTF (1) Sk i BE T i
KA T £, 2 FE ) A 1T L RH A A LA £, 3
IE ] H 30 RS2 ) LG 43 AT T SR, G (2) 5K
1 (3) AR, P T X o AR EAA A5
T Peltier REMITHRE A (4). M4 (4) X, H&
S Peltier 7200 1 (B0 PR 28 R T 79 ) 2 ) 3
JERREEY T Hb, AT o FEA RURRTAR A
R LR RIE L UURFER RS (o + 3).
XTI A I v, FRATTDE L A7 FROCHHY,
Tpe /N AU 0 S 1) I A IR A A i 2 A5 31
HERPIRSE Uy, HRYE (9) I1E 153 Peltier
FE A RTEE, EHDTRE (6) X (7) K
K52 Peltier 200 B AN K BR T RS L
MRS R, B4 3% o B p AIH RS C,.
(4) P52 X Peltier £ 80084 A9 52 M AR /),
51T G R s BRI ARV T A
M HL R THE T RS 15 Peltier 22500 I (A
AT AFURTIN 3t YA R A A v A T A B, A
R R R £ 10% . R RE B R A 0 RS
+5%. TEBRS T, MG LR (7), TFEHEN
PRVE B p FHE FEARES G, #FEA 55 5 1 0 R
JERTI S B, e A Th TG S AR 2=
M2l AS B BRSAUA T 2 AR 2 800,
ZIET A MEER, FICEA B SIS, 7F
aRFERE b, A3 AR S A AR TR I A T R
G (BiyTes) FESATE 100—300 K Z [A] ) Peltier £

. mb e — A EA T IR AR, B
BRI Seebeck FREUHIHE T, [A]H A5 — R AL
F 3 Wem LK, BORE— B AN LI AT L
SRR 22, XA B T/ NI iR 25 O T A
FREALBL Peltier REL, 435K FHUHREHE | Fadks
N Y RTRG A B i Y0 2 301 00 1 A O TR
FETHE TR o, #05%K k DA Seebeck ZEL o 55
ZH, K 6(a)—(c) iz; Thomson FAL 8 AT
B = Tda/dTi15HASE], WLIE 6(d). Frf &5
5 Zhang %5 PTHI Yang 55 B8 iORii £k . A
R p RPTHORAEHE KR, K/NR 7.7 g-em 3,
fERAE O, T FSCHRIGE B 165 J-kg T K1,

£ 100—300 K & EJLFE A, Ml 7 +£100 mA
50 mA HLJL T BB IR 22 th R, 0 B/ —
P b AT TG, WA 7 s, FEGh E i B e
IE ] LI S A4, TN o 79 A =2 [ ) L 22 A 17
43 A TR FL AR B e B AR, Bl
SUZ AR 22 1E ; PRSI ARG, A&l 7 AT L
FrS B RS IR 22 i, 3 3 8 TRENREE T
A 4100 mA F+50 mA HIR R TS 1 Fa S5
FEA T FE L (4) A (5) R H A A [H] IR
T Peltier 2% ITq F1 Ry.

£ 100—300 K IR BEJEFH N, SR BESE AT L
AR FIEE Rl A +£100 mA F14+50 mA iR T
FIPIRSEL U B U, WL 4. I8 8(a) 441 T4
RS U, Al Ug BEIREE AR FRATTR BRI
S U AN U BEIRFER) LT K. Ug(-100 mA)
AL RHE R T Up(4+100 mA) A48 X5 E, 332 A
Sk DA ] B, AR HHAR Peltier U A A,
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FEAR Y (a) Seebeck &L a. (b) TR k. (c) B 5% o Fl (d) Thomson R EX B 7F 100—300 K Fifi L5 A8 1L 1) i 34 R

Fig. 6. (a) Seebeck coefficient, (b) thermal conductivity, (c¢) conductivity and (d) Thomson coefficient as a function of temperature

for our sample under 100-300 K.

PR S T3 DA OE 1) B R A, AR ERORORR, T
Peltier #OMAR, PIZERHIGH. 5350 U(-100 mA)
2 HEM B R T Ug(-50 mA), X &K A ik i 4
RS0 0 8 B A3 1) BT iR B F D 3 A T 3
K. FHEEATLIAES] Ug(+100 mA) H4eXHE/N T
Ug(+50 mA) FZEXHA. mTLLEE (9) 201 (10) 28
HEAAF]£100 mA Fl4+50 mA ML T A BES
1 Peltier RECAIA ML Ry, AR LR 4.

& 8(b) g5 th TR L | BRATA R B Peltier
RBGHEIR AR 2, B d25 T H Kelvin
B X RZAITES RN ES T EE O, RS
% 4100 mA I & () Peltier & % 11, 5 bf 5 1%
4100 mA FI & () Peltier 2% 1T, FEA<— 3K,
=R E R FEA TS HUANnTE 260 K I, T,
(4100 mA) Fl IT,,,. (4100 mA) 5358-52.60 mV
F153.06 mV, FILH RAFA9—crk, RN TR
FAASE MBS R TSR 0. BT T, Rk
FIGE 2505 T A5 A4 Peltier 28 50 A0 4 X5t 8 | 17, s |
AR K R R, o T AR B B T SR,
HE T 5 WERRAERM R, WE 9 P, zEdET
EAT R Peltier REILF 5, &R BT I & 448
FE I AERHRZE /N T 3%. 5 Kelvin 85 % 2

ST T X R & B, RSk M4
AT RN H Peltier REA XA KT HISHE,
£ 140—300 K IR BEyu [ N AR 2 H 40 P =
(|7 -|aT)/|a T2 R 20%, {H 7€ AR IR 100 K
I, AHXTR2E P 202 46%, X Al fiE 2RI F Peltier
FB X (AN, D B R, B0 = A
X R ZE I SO . X TSR H S =5 143X
— S, N =A T4 8T. 56, Peltier
RIS Kelvin 8“6 R&X [T = o TIHHE
135, Forr Seebeck AL o I EAE B R +5%,
I Seebeck 72 A5 A I 4G B AT R 2 it 22 19 B PR 2
—. HOK, 1E (4) XY Peltier A0 5 E 92158 5X
B8 1 I B I R R T s RIRL A
VT, 5 2 W5 HE R (o + 8) MEEMKE LA
K. TEVE A, R 1 WX Peltier REUA & L2
PERIRZ IR, 55 2 WX Peltier 28 50AY 52 i - F-
LAY 575 1 TR0 A I A R ) RS R +5%, T
D25 ISR 2 20%, I FRATAC TR
N (R i 5 02 Peltier 22500011 P 4 Xof {10
RIG— KB, BT B AT T 2 A0 i 5255, 7E1IK
ek DN 5t A 3R ol ] ) AT S PR A A — i 1 A
P, B R ERR TR, TS Peltier 25X
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() (b)

0.5F

AT/K

0.5

AT/K
AT/K

t/s

Meas.(—100 mA) O Meas.(—50 mA) Cal.(—100 mA) Cal.(—50 mA)
O Meas.(+100 mA) O Meas.(+50 mA) —— Cal.(4+100 mA) —— Cal.(+50 mA)

B 7 (a) 300, (b) 260, (c) 220, (d) 180, (e) 140 Fil (f) 100 K A, XF4E & 43 )3 A £100 mA Fl4£50 mA R, B2 1R 22 1) B 45
SRHURH R AL 45 2, P meas I 4 9 ECHE M 2k, cal D9 4006 18080 th 26

Fig. 7. At (a) 300, (b) 260, (c) 220, (d) 180, (e) 140 and (f) 100 K, the measured transient temperature difference of the sample and
its fitting results after +100 mA and 450 mA current are applied to the sample respectively. Where meas. is the measured curve,

cal. is the fitted curve.

3 RFREE AR T AR AR AR 22 S IR YRR AR Peltier 22801 ST Hi FHL
Table 3. Measured steady-state temperature difference and its Peltier coefficient and interface resistance of steady-state

method at different temperatures and currents.

ANTRI I H I AR A IR 22 A Ty /K Peltier R¥ g /mV SR Ry /m©
Wi EE T/K
-100 mA +100 mA -50 mA +50 mA +100 mA +50 mA +100 mA 450 mA
100 0.47 -0.34 0.21 -0.19 -11.38 -11.23 16.49 13.78
140 0.92 -0.65 0.42 -0.36 -19.10 -19.02 28.71 27.24
180 1.56 -1.14 0.73 -0.62 -28.15 -28.10 38.83 39.78
220 2.39 -1.77 1.11 -0.96 -39.85 -39.66 49.89 51.37
260 3.35 -2.55 1.57 -1.38 -52.69 —-52.63 58.79 56.42
300 4.17 -3.29 1.95 -1.77 —65.29 —65.22 61.03 46.41
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Fd ORFENREE AR T AR A IR S RS AR AR S1 Peltier Z2B0RI A i FHL
Table 4. Measured heat source parameters and its Peltier coefficient and interface resistance of transient method at differ-
ent temperatures and currents.
) STl L O TR A R IR S B U /mV Peltier REL ;s /mV ST L R/ m$2
WL T/K
~100 mA +100 mA -50 mA +50 mA 4100 mA 450 mA +100 mA 450 mA
100 -12.41 -9.29 -11.36 -10.06 -10.85 -10.71 15.60 13.00
140 -20.32 -15.09 -18.87 -16.39 -17.71 -17.63 26.15 24.80
180 -30.82 -23.45 —28.98 -25.19 -27.14 -27.09 36.85 37.90
220 —42.99 —33.52 —40.5 —-35.63 —-38.26 —-38.07 47.35 48.70
260 —-59.00 —47.11 —-55.85 -50.1 -53.06 -52.98 59.45 57.50
300 —70.06 -58.61 —66.49 —62.18 —64.34 —64.34 57.25 43.10
0
(a) ~V- —100 mA ¥ +100 mA <— () O ta. "W irans. (£100 mA) |
g —— —50 mA -®- 450 mA or -@- Ieal. —8— ITpans. (£50 mA)
—20F}
. _30} 160
> °
g g S
—40 +
= = —60f {40 &
s N >
—60 _90} AN *"’V)/ 120
v -
- P (£100 mA) —3— P (£50 mA)
—80 L L L L L —120 L L L L L 0
100 150 200 250 300 100 150 200 250 300
T/K T/K
20
(¢) —0— I=+£50 mA (d) =7 —100 mA
60 F —/- I=+£100 mA ¥ +100 mA
\
16 v
N i V..
C:E 40 % '
< <} v
g =
= S Ll v/v\v v
20 + T~y
\v
0 A A A A 8 A A A A
80 120 160 200 240 280 80 120 160 200 240 280
T/K T/K

[l 8

A £+100 mA F4+50 mA GRS, R HBES L (a) 14 0 B8R IR S E Ug; (b) W& 1Y) Peltier R4 IT 5 ¥R 2% P,

X T A2 4100 mA I B 1) Peltier 22 %4 17 #1 Peltier AL MEPIIEME; () R WM Ry SIEE THWXERIML: (d) @A
+100 mA HLFEAT, B S Joule #45 RK MGW ILIE Q) / Qp Tl THHOCHE ML

Fig. 8. (a) Optimal interfacial heat source coefficient Uy fitted by the transient method when +100 mA and +50 mA currents are

applied; (b) the measured Peltier coefficients IT and their errors P. The measured Peltier coefficients I, and the linear theoretical

values of Peltier coefficients for the steady-state method 4100 mA are also compared; (c) the relationship between the interface res-

istance Rp and the temperature T; (d) plot of the ratio of Joule heat to heat generation Q5/Qp at B-end versus temperature when

+100 mA current is applied.

MEE A AEXHE R K. fa, AR Peltier 540 Y
FAAERERE Kelvin SCRIFA LIRS Y 18], Ak,
BAPE A Sk S g0 BT, HE—25 4 Seebeck &
B0 e B R R R T R

AR S0 7E SR T 0 A A B R AL B 0 B S v
Peltier 244|114 64.34 mV, 5 SCHRFRIE o0 2
ZEAHIT 2729, Koyano il Akashil?™ 781 F B i B

FE4E5 G A2 I H He B v TRl M I T R S 2
fish 55 R P Peltier 2240, 76 F IR T 15 3] Peltier
Z%0h 31 mV; Garrido 1 Casanovas2% i iz il &=
PR B T D 15 B R AL B R A AR = R
T H) Peltier Z%00 126 mV. H 4L FHPEREA
M P ARUAT N BUPRHLR $e BE AR B HES 0 2k
T %e, H Peltier ZE0E P AUFI N RIPCE A1 BT
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a) I = —100 mA b) I = —50 mA
(@ 8 bol ® .
4 B .'.. .'..
3l 1.5}
£ £
2 ol g 0O meas.1l 2 1.0} @ 0O meas.1
g O meas.2 O meas.2
A meas.3 . = A meas.3
1t @ v meas.4 0.5 ﬁ 7 meas.4
@ < meas.5 @' < meas.5
....... meas.0 veeeeee meas.0
0 . . . . ! 0 . . . . . !
100 140 180 220 260 300 100 140 180 220 260 300
T/K T/K
0 0
& (c) I =50 mA oy (d) I=100 mA
. 9.
—0.5F 1tk
. 8.
= -1.0f -3 g B
q O meas.1 4 ~4[ 0O meas.l .
O meas.2 O meas.2
A meas.3 % /A meas.3 g
—15f v meas.4 _3l v meas.4
< meas.b g < meas.b g
------- meas.0 seeee-- meas.0
—2.0 . \ . . . A . | . . . .
100 140 180 220 260 300 100 140 180 220 260 300
T/K T/K

P9 TOUE S A AR A I 25 LR I A5 2R FE meas.0 J2 JRUAR I A 45 2R
Fig. 9. Five times repeated measurements of the steady state temperature difference and the original measurements, which meas.0 is

the original measurements.
5 A Peltier AWM
Table 5. Repeated measurements of the Peltier coefficients measured by the steady-state method.

FaSikPeltier REUT q /mV

415

100 K 140 K 180 K 220 K 260 K 300 K
meas.0 (50 mA) ~11.38 ~19.10 -28.15 ~39.85 ~52.69 ~65.29
meas.0 (100 mA) ~11.23 ~19.02 -28.10 ~39.66 ~52.63 ~65.22
meas.1 (50 mA) ~11.06 ~17.49 -27.89 -39.21 ~55.62 ~62.88
meas.1 (100 mA) ~11.15 -18.18 ~26.51 -37.07 ~56.12 ~65.64
meas.2 (50 mA) ~11.09 ~17.96 ~26.98 ~37.49 ~53.61 ~64.66
meas.2 (100 mA) 10.69 17.44 28.07 38.63 54.89 65.96
meas.3 (50 mA) ~10.88 ~18.11 ~27.60 -38.35 ~54.90 ~65.92
meas.3 (100 mA) ~10.93 ~17.83 -27.88 -38.96 -52.15 ~66.28
meas.4 (50 mA) ~10.93 ~18.55 -27.27 -38.75 ~54.13 —65.75
meas.4 (100 mA) ~10.99 ~18.07 -28.45 -38.31 ~54.30 ~63.10
meas.5 (50 mA) ~11.00 ~18.17 ~26.65 -37.45 ~54.26 ~66.52
meas.5 (100 mA) ~11.00 ~18.28 -27.99 ~39.46 ~55.16 ~62.71
FEE /mV -10.96 ~18.00 -27.53 -38.42 ~54.41 -65.01

FRifE2E /mV 0.12 0.31 0.59 0.73 1.04 1.36

ST IR 22/ % 1.23 2.20 2.00 1.95 1.80 1.69

Peltier 48 X {5 2 F1. P e B A4S N7 30 L (1) 7N, SR L I Y 4100 mA B, BEIRE A TR, R
Peltier 2E(Z) N 63 mV, SAWFF A 300 K T HY T B BH A 15.6 mQ (100 K) 238 K %] 59.5 mQ
D45 R (260 K). 24332t H 37 4 50 mA s T A5 21 1) S 1

FHAWIN 07 AN ], FRATTI8 AT LA 3 S g BB Rp 54100 mA 5 () 5L 1 H AR 22 R K
RH Ry, s B 77 v A Re gL 45, &l 9(c) Fir 2 YRR A R HRF P, 900 Xo) A T P LA S M) AN K
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FRATTAE , v A BCAR BUCE R E Qp =
PRy + ITT, A& A L BH Joule #4F11 Peltier 4.
K 9(d) 451 T R 4100 mA MR Q;/ Qp i
B TR RS AR SE R. AR B R, 238 A IE 7] H G A
H T Peltier #4A1 Joule #4555, Qp BN, TMHHEA R
[ LIRS, T Peltier #Wf1 Joule #4A5, Qp BEK,
I Qy/ Qs(+100 mA) Z/NF Q/Qp (100 mA).
1E 260 K B}, @/ Qp(+100 mA) = 12.6%,1 Q5/ Qg
(100 mA) = 10.1%. BE&E AR, BT Peltier
FBO T B BT S LS 307 Joule #4
MR, SRR Qy/ Qp ¥4hm. LLANTE 100 K K,
Q;/ Qp(+100 mA) = 16.8%, 1M Q;/ Qp(-100 mA) =
12.6%, X Ui W B 25 TR A ARG, 422l L BELAY Joule
QX B s I Qp HYSEI B HI .

4 & %

ARSCHE T 3T R BRAS R I i Peltier
RS TE MRS A ST A i 76 3 H i
FEHRE S AR S TR 2E, P LAAS B30 A AT
Je RS R 22 DA B F o e ) ok A ek 2 B A (1]
ARG 2R, R IE B F 3 3 e R S ST 1Y)
BRI 2 2L BRI A BR TR SO R A5 T 25 B I ] 11
Ak 2843 A5 3 Peltier 2250, FaZS ik MBEA
3B Peltier FRBIEA —2, RPN 7152
ATEERY . 55 RS E0 I 2 B L 3 K/ X F Peltier
FHON AR AR /. 7E 100—300 K iR
Bl N, RS ARSI IS 1Y Peltier 22 001 40 Xt
EEIR T Kelvin 55 ¢ R ATHEAR 2 BB E Y
“%HE . 78 140—300 K IF, P14 L HISE kY
20%; 7€ 100 K B0 L BE M K24 46%. (S48 1
()2 , ) FH I 25 k3 AT LAS- 2 [ b i 1) L o e L
52 2 B BiyTes/Cu 4 5 11 H BHL R 25 Y5 B T v 1
ERPERG . Bl T AT, A T BEL T o ¥4 2R A
(R SZ ARSI, HeHp AL THT L BEL) Joule #4061V 152
M X6 ZR AR
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Abstract

In the study of the physical effects of thermoelectric conversion, the Kelvin relationship is a bridge between
the Seebeck coefficient and the Peltier coefficient, which brings the cooling and power generation performance of
thermoelectric material into a unified evaluation system and dramatically simplifies the measurement process.
However, some theoretical studies have shown that the Kelvin relationship is not satisfied under nonlinear
conditions. Meanwhile, the measurement results of some experiments do not conform with this relationship.
There have been few studies on accurately measuring the Peltier coefficient that is the basis of validating the
Kelvin relation and studying the nonlinear thermoelectric effect. Based on this, a kind of Peltier coefficient
measuring device with a cantilever beam structure is proposed in this work. We measure the difference between
steady-state temperature and transient-state temperature on the sample surface and obtain the Peltier
coefficients by the steady-state method and the transient-state method, respectively. By this measurement, we
can obtain not only the Peltier coefficient of the material at low temperatures but also the interface resistance
of the material. The Peltier coefficients measured by the steady-state method and the transient-state method
are consistent with each other at various temperatures. Both of the variation trends with temperature are
consistent with the temperature-dependent theoretical values calculated from the Kelvin relation. Our measured

values are about 20% larger than the theoretical values.
Keywords: Peltier effect, low-temperature measurement, interfacial resistance, Kelvin relation
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