Chinese Physical Society
ME** Acta Physica Sinica :

€D Institute of Physics, CAS

KFEE T RELH

B FRE AR AT

Quantum dot refrigerator driven by photon

LiWei  Fulding Yang Yun-Yun He Ji-Zhou

5|5 B, Citation: Acta Physica Sinica, 68, 220501 (2019) DOI: 10.7498/aps.68.20191091
TEZR )12 View online: htips://doi.org/10.7498/aps.68.20191091
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

LR AR P RERE T — S TERRRT BRI AT BRIV IR v B P RE 7 M
Performance analysis of a refrigerator operating between an infinite—sized hot reservoir and a finite—sized cold one within linear

irreversible thermodynamics

YA 2018, 67(4): 040502  https:/doi.org/10.7498/aps.67.20172010

T R DG R B (R RO 5 A
Single photon detection and circular polarized emission manipulated with individual quantum dot

PIFEAEA. 2018, 67(22): 227301 https://doi.org/10.7498/aps.67.20182049

HOLFIRHIEE T POE A sl S TS
Research on fluorescence lifetime dynamics of quantum dot by single photons modulation spectrum

YIBR2E4f. 2019, 68(1): 017803 hitps://doi.org/10.7498/aps.68.20181797


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20191091
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20172010
https://doi.org/10.7498/aps.67.20182049
https://doi.org/10.7498/aps.68.20181797

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 22 (2019) 220501

RFRFEF R H LI
B M WER RN

(FBRZYIR, FE  330031)

(2019 4E 7 A 16 HUH]; 2019 4F 8 A 29 AU EMEHH)

T B P T RE R T A — AT RS A S R A O T IR S B AR v ML Y. T Ty
i, ST LA v AR Ve AR R R IR, PAT TR HLAR TR T AL 0 A E . 3R BUE B
H AV LA T R 5 A0 — RO BT i v A v R B B O P BERRAE 1&T, BlE T i v AL RE A OIE AL Y L
fJa, DL R 38 fie K Ve 3R B v A B S K v 3 B0 i Rl v A MO 1 v AR S LA H s,

I TG TR | BRI AR KR X i ¥ HILTE BE A SN

SRR ATLEHIE, T, AL, EREDR AL

PACS: 05.70.Ln, 73.50.Lw, 73.63.Kv, 85.80.Fi

1 5

XS FAEGE R IBLIN 7, ISR A 455
i ARFUN . TCiz shEB U0, 7 TOl AR 2
AR KIAREEE T & THEHLS F S
VAT A Tz A AT S L (ER, AEXHIK Y
p RS E SN TR RS S R GO
AL ARR . R, ATT— B SO T 3R AR
ERHE AR (B e R Ve S, E TP,
R A L I EEAOKZR  TRAKAE L TSN
KIRE AL P ST AR, U G A K I L AR
R AL B PR REAUAIESY, FEBRIE P21 550 2528
D7 R TN B IR RS8R, o K e e
AR IE T

Bl Cleuren 45 P £t T —Fh I HG+ EL %
HATHIR DG TF RS AUOK TR L. X PP B 1
SR, MBI, H1 R 9 LR H
L9255, 2R1M7, Amikam 55 B9 A A Cleuren 45
NTEAL B 5 B A AR, 206 TR 2

i

*ER HRBIERES (EES 11365015) B BhAYIRALL
t iBIE1E# . E-mail: hjzhou@ncu.edu.cn
©2019 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.68.20191091

] () fL 7~ IR . Wang 45 BUBFSE T —Fot 14K 5)
PUREZL VLR, 2R A B (o S — > 1Y
RER R G N, oL T IS AT Hl e . JE T
NBTAE, BT 0E T Bk 1 N AN R REZR A A HE
TRRIE, 20 16T IRl 7 e U R, 73
Br TIZ0E T B ARG MR T AR RE, IFihe
T FESES R IR DAL PERE R .

2 EAEHE LS

T IR ST oS A PR A 1 TR, %
MLER IS AR, — AN FERI A 1 i R Gl
B ISR ERE /S T, Tr SHETIERR
B Ts Z IR BRI Ts > Ty > Tr, BRI
AR ) = g = p. DR RS2 S1K
FERG, e RS54 SERERS. 80ET
SR AT AR = A RE S, EL A TS
B R RE S AR RE R A B S 22 AR IR]. 781XV
R BT 2 (ALY T BT S FR O IR sh Y. 7
R T BRI T, 98 HL i A

http://wulixb.iphy.ac.cn

220501-1


http://doi.org/10.7498/aps.68.20191091
mailto:hjzhou@ncu.edu.cn
mailto:hjzhou@ncu.edu.cn
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 22 (2019) 220501

A1

T IRl i T ] v AL R ]

Fig. 1. A model of a quantum dot refrigerator driven by

photon.
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Fig. 2. The relation curves of the cooling rate and the coef-
ficient of performance at different temperature 7Ts under
the condition of tight coupling.
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Quantum dot refrigerator driven by photon

Li Wei Fu Jing Yang Yun-Yun  He Ji-Zhou'
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Abstract

A model of quantum dot refrigerator driven by photon, which consists of two two-level quantum dots, a
photon reservoir and two leads, is proposed in this paper. Comparing with previous studies, we consider the
transitions of electrons between different energy levels in a single quantum dot, which is more practical.Based
on the theory of master equation and the assumption of weak coupling, we derive the expression of the cooling
rate and the coefficient of performance of the refrigerator and obtain the condition of the tight coupling of the
refrigerator operation. Next, we plot numerically the performance characteristic curves between the cooling rate
and the coefficient of performance in the case of the tight coupling and in the general case. We find that the
curves between the cooling rate and the coefficient of performance are opened loops for tight coupling, but they
are closed loops in the general case. And we gain the conclusions that the refrigerator can be reversible under
the condition of the tight coupling, while it can be irreversible in the general case. Then the optimally operating
range of the refrigerator is determined. Finally, the effect of the temperature of the photon reservoir, transition
coefficient, and temperature ratio on the performance of refrigerator under the conditions of the maximum
cooling rate are studied, and also the coefficient of performance under the maximum cooling rate, the maximum
coefficient of performanceand the cooling rate under the maximum coefficient of performanceare analyzed in
detail.

Keywords: irreversible thermodynamics, quantum dot, thermoelectric refrigerator, performance optimization
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