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K-01 ZT & Beyond?
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“ZT & Beyond?” EARUHEITIRMEBEMERZ—. B 2T EFRUEMEHABILRERIER, 25
ZT ERRAMEI R T FIREZN— 1 Bir. B2, —HHE, 2T (RS ER R ER Z0BERK
ROEE ERY; 5—HE, 86 2T IRLENEARN TERBEMEERSEARIINA. i, KRS/
ESRIFAY Bt EMARTIESESEHmA St NERREFTIE. ExNBLRETRE
AAEAGBEAB LS A —LEEMIFRTIF, FMLUNEENRRESRERAR A RATBHILIRN D
FTIB N PR IR AR .

K-02 ETF I ERER ZRABERIR
S, BRAR ', B
o LI RERRER TR © ik

DNERIEHFTELS M REN B RE SR IR . SIUREERAHARIMN BT, SN THAREREREM .
BN AXREAEER N, "MHERIR UZEESR WL MHRARRNAZEER, Mat
FHTE. SCIRMEIENS, ARBMHARREE TR . SEEMAIEI . FEETHER TZA
B SBERFINATE, REREMHRIHEIIRITER, BEMREIRGREEsmAE, B
BAEZRAHEREXIIMSEFNME. EERERIAITRIINRYT, SIMFNED, BIRENBEER
IS EERITESNATE, FARERESEENBREESBER ANHRSE, KEAEMHS
BETFESZSSHIRERIERA, HITHABHSBERE, WEZBNAEERRR “BEEEE" ,
FEABHNEEESIERENN, AFSSERERMFHRERNATEM . NS ERRBERNET
HERESEZRREMHARINN, ExNEEREMRNSEEITE. SEERIESINEETSHIIMAE
RS HEESRIRIICIFIERMSR .

K-03 Thermoelectric Cooling vs. Power Generation
Zhifeng Ren
Department of Physics and Texas Center for Superconductivity (TcSUH), University of Houston, Houston, TX 77204,
USA

Bi,Te;-based p-type Bi,sSb,sTe; and n-type Bi,Te,;Se; have been the only materials used for
thermoelectric cooling for more than five decades. Even though the progress on advancing the
thermoelectric figure-of-merit (ZT) has been significant since 2008 especially the materials with peak
ZT at high temperatures, materials with high ZT around room temperature are very rare. Nanostructure
approach has played the most important role for enhancing the ZT of all the materials including Bi,Te;-
based p- and n-type, but applications using them is yet to come due to a variety of reasons. Up to now,
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besides Bi,Te;-based ones, the only reported other promising materials at near room temperature are
p-type MgAgSb with ZT of ~0.8 and n-type Mg;Bi, with ZT of ~0.7. In this talk, | will present an overview
of the materials at near room temperature and their applications for both cooling and power generation.
Zhifeng Ren is the M. D. Anderson Chair Professor of Physics and the Director of the Texas Center for
Superconductivity at the University of Houston (TcSUH). He received his BS in 1984
from Xihua University (formerly Sichuan Institute of Technology), MS fin 1987 from
Huazhong University of Science and Technology, and PhD in 1990 from the Institute of
Physics, Chinese Academy of Sciences. His research has been on thermoelectrics, BAs
for high thermal conductivity, enhanced oil recovery, water splitting for H, generation,
heated filters for catching and killing SARS-CoV-2 causing COVID-19 pandemic, carbon
nanotubes, solar absorbers, flexible transparent conductors, superconductors, etc.

K-04 Magnetic-field-enhanced Thermoelectric Performance in the

Topological Material Cd;As,

Xianhui Chen
Hefei National Laboratory for Physical Sciences at the Microscale and Department of Physics, and Key Laboratory of
Strongly-coupled Quantum Matter Physics, Chinese Academy of Sciences, University of Science and Technology of China,
Hefei, Anhui 230026, China

Thermoelectric performance is usually improved by energy band engineering and phonon engineering in
the semiconductors with narrow energy gap. However, the improvement of thermoelectric performance brought
by energy band engineering and phonon engineering seems to be close to stagnation. As a consequence, new
concepts and methods are urgently needed to bring new change in the field of thermoelectrics. Here, we use
strong magnetic field to greatly improve the thermoelectric performance in the topological Dirac semi-metal of
Cd,As,. The highest figure of merit ZT reaches 1.24 around 450 K, enhanced by external magnetic field of 9
Tesla in Cd,As, single crystals. The dramatic enhancement of ZT can be attributed to the large increment of the
Seebeck coefficient and the rapid suppression of Lorenz number by the magnetic field, which is related to the
linear energy band dispersion and high mobility in Cd;As,. Magnetic-field enhanced thermoelectric performance
in topological materials attracts attention in the thermoelectric research. Our results will open up a new direction
for searching new thermoelectric materials and provide new ideas to improve thermoelectric properties. In
addition, we also find that bipolar effect and Dirac fluid behavior caused by Dirac gap characteristics of Cd,;As,
hinder the further increment of ZT at high temperature, which is needed to be overcomed for searching
excellent thermoelectric performance in topological quantum systems. By increasing the carrier concentration,
the bipolar effect and Dirac liquid behavior are effectively suppressed. Our work indicates that reducting the
contributions from the bipolar effect and Dirac liquid to the thermal conductivity could be crucial to improve the
thermoelectric performance of quantum topological materials due to the existence of the gapless feature.

K-05 FEFB / #EB oAl B (& kA F R X
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Email: frank@shu.edu.cn
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A-06 HEEBERSBRmIEER
i, 2%, TR, WKE, k—, E7H
I REAA R FE R TIPSR BE, i, 200444, HE

BEEEEREMENAMIBYZ —. WTFRBMRRR, BEEE/EREMRNE. REmatRs
EHBEEENFIN . EANRES, BELMEFDINBEEBEERNS N EHEIEN . EEE
ITEREIERISIN, B JLUEEUAR ZnS F1 ZnSe 1, $EHEEREIERITERE, WFXFAE MRIERR
K9 p BUEBENEMER, WIS RIMEHERRER, XTI aseT S35 F. B9, XBMER
MEN=EBEHHS, KKEINTNTEHREEEHER, AT erIBEaER. ERESMEIESE, ZnS
1 ZnSe IS H AT R E FEFHEERAN T RISASEKE—ENREER, FERIEMEREN EFMm T
B . TE_4EMKL MoS, 71 PtSSe 7, BBEXIASRARIBERIEKR, T=IBF 6.5% 10" cm? ERTIRE
T, p BEMERASEAHRIAE 39% 1 78%. PtSSe AHIEB AT MII/ERSkE FEK EXIFR IRk
AR FREENET, UNMBUSHBEFSEE. BT Ez4R, BEEEEREIVRIINRBEFEEE—
ERIEIEIER, BIREEEWIER. BAIMR TIEEEESIK, 0Si, C, SiIC, LN CoSb, HY
EBEEEIIER, AMBEIEEIERIIEXERRATEIERN .

A-07 B EEEAXMEB ST A ER CoSb, BF M IMAYIREICTHGT
2, ETW, B
U REAARIIE R TR B, i 200444

F SR B FERRERXENEERERATNM, GINABMEE. (VAR T —EBF-FF
E2(Y (Electron-Phonon Renormalization, EPR) 757%, BEIRIEE T REESHNSEEEKINEFSIENE
Fifroh ( BIERRDANZ=NRED ), FNBE—MRBYESE—7 T #4%} CoSb, B FEITREEX
HHRF . XEEPR A, ZRICENRE. SHWHEMR BRI THA, FBEdSEMSIRANIECITEX
tt, BB T IRICER B S IR . XITFSE CoSb,, FHANTEAI, HFMIN (Valance Band Maximum,
VBM) EEREFSMLE, & I fNEESEEERENHASME/ (7 PBE ZERKET, MO0 KA
f90.161 eV % 800 K BFAY 0.027 eV), X—LHICH A TIEMUTSEIGFTIESE . @RS, AR EZSH
CB2(Conduction Band 2, CB2) 5% —5% CB1( BlI&#5/E, Conduction Band Minimum, CBM) 7££3 600
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K4 IEEmREFFCRNSR, FEES n B Yo Bzl A ERREER, FE T CoSb, 7E
SETEBRY n BHAEMFRENER. H—5BPE EPR NS REIE P EF RS L, &AW CoSb, &
Sb, IMEAFEIREIXI M AYE T Ag ISR/ Nl K . BSOS EA eI R AT E IR 20
mESHT, & Sb-Sb X#EE VBM &%y, EI VBM HIEELTT Sb, M AEE 8. XSHWEEE
F5 VBM HuR EF, NimmslaE . BFEMEGRZINREEXME . BN TIEERTHERE5EFiR
SR FEMZBIIRR, BEEINRIERABMEIANB FENER IR .

A-08 BRAH P REREIETANE—ERIBHR
TheE, BLHEAE
AU T RAFMiBe, Jbat 100081

B IBEASERUNAENIEN S TR TR, BRI T AMMIMRKKE. NREEEE—
MR B AN/ RZEMEIET, BRERM P RRNE N SN S E R T ATIERA R
SXREEEFMEIT . £ MNCIM = Zr, Hf) (ARF, RIETEAR HINCI E=IE NHREREERNN
ZTCRAR ZINCI BT 4 (& (4kZr =cHf), XMEREARASEKX, BREAFNEXR)N\NEESHTHE
ZEZ2HMTF HINCI FREWGEI N FREN NN FZ S S T IZE R FE FrobERUE NN &= FEENI 2RI R
1BEMEs. EINRIIKIERF TiS, [DENZRNHBNASKEBRIETH (ARAEH BRSHEE
218) . F—HREITERERE, XEESFHNREAREENSH T ENE FENEB DU GIZE B FERE F x5k
IEF2ERIEIN, LAh, TTELERFKE, HFEFEFIRSENREL K519 2/3, 1B E AR FRE IR
SEAIERML . HXARIER T RN R R ENEE T ORIER, SEARSIHee e EER Mt T
—EAES.

A-09 MEMESE—ERBITE S ER
KRR, Ny, dAEMN, R
P2 A5M KA TR ABE, VE%E 710049

ZEK, MREBNERSHEGEN RN IR R ESRE IR, Halt
SIERRNAFRIBEFR, BEBRSHFAIZER, Bk, ESKFIEINARE, ETE—14REH
EEMTRIROEE . Pz SRV R SRS, EARENETHRIERSIINIFEYS, BURIEEIER
t, EERBELERE—RIHERN, FRRELAERSFESETERD X, PIRSERES —HRIEEE
Z RIBICAIEIR T, EEBURGERISIES, IMUSCIAB U IS H ( ZEUR R BSE BFHREEK,
RIASE ) NEEHERA, WA EITETTEREMIASEE (DFT iT&RH . BBESEREI .
RASAGERBRME) |, ERRHLIRBIEIREIEAT, LIRITEIRERE, BNt ESE
SHEARER, MEMTEIRETINEMXRERHITRE . XS T oITRE R AEmIEIE. JIE
s, SEHLSHEREMHEEEE Y.

A-10 MgAgSb FHHBARINE— M FRIE T EINR ARSI
TR, B2, XM R, TR, dmae ', RRES, TIE T

U ERE R, T ERE R EESE T, AR 523803; 2 bt FEL S EECESE T, JE5T 100088
U EERASE YR, P ERBEG BT, JEat 100080

PEMRE— M N ABRISRT ERFELE SRR, BT RN RIEREIS SCINAEH I sERIRE S
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i, FEEBBERR/N, £RE. Fok. FHSREYR. SREETE S, TERMBEFEmEEH
FAOMES . Ik, SamTBrENIIERRE, MR TIEE AT SN EHTARIAERL
. EFEEZRIECHNE—MRIBTEEAARABMEIRGENE . S8FK. F A% FASSEE. o
NFERRTF . FEENESE LT IRP AR R IR MSIRES .

BMNXAEF—HRETEEEFEMEFFREBM KRNI IE(Y GPPD. J-PARC JF 58 1% (X
AMATERAS. ISIS FF581E%{Y MARI 3R kL SN EEaREMmER T (ZT~1) B9 MgAgSb &5
TR, BIRIWZAMRNBRSESASEERHTRENBEBEZIEFIEESHN, TENEHE
BILFEEOEZEFREHE T, MEFEHROFEFHE T REZ, BN DOZREEERAYE - &,
HARTFHERE T ZME AUEB RIS . 59, BEFE—HRBITEEAT/RZENzHTE, &
1B TRBIRLR SRR Ge,Se,Te RBIAIAT T NBEME _441% GeSe. SnSe #1 PbSe RIRIZHA
£, PbSe HIASIERE(E, EEIRSMTLH 0.26 Wm'K'; BAIHAR T RIRESA#E Bi,O,Se FIRENZ,
I EE . WERAME =M, RIEE Bi,0,Se HFENEFIR:A MERSE B ENHGEEL,
EISAESLL = HARERRRS,; BIOART —MTHEESER SnP,, BFEMHIEEFE. FFiRaILF
ES. KA - FEFIH. FFEAFREEFE, p BB EcEBIFERNZTE (ZT-3) ; HIIHAR
T B2 KAgSe f1 KAgS, AMEBENIEERARMEMIZRSH. RIRNAFEHRENRENE FEIED,
XEAEFSHE(IES 0.26 71 0.33 Wm 'K FIBERIENE,

A-11 ZnSe, PIEEE_RASHRIFFEIEINIRREBHRSE
BRI ', Jesus Carre’, MHEE', FRIREE ', 5KAKME', Georg K.H. Madsen®

'Key Laboratory of Materials Physics, Institute of Solid State Physics, HFIPS, Chinese Academy of Sciences, Hefei 230031,
China; * Institute of Materials Chemistry, TU Wien, A-1060 Vienna, Austria; ° Beijing Computational Science Research
Center, Beijing 100193, China

PEMTRLE A LASEIUARE SEERE EIE A B AR IRAVTNREM K, HERRREER SR IS mEET 138
MRS, EARARF, HNBIIKRBLERFR/REEMZHIE, P3ITET ZnSe, 7£0#110 GPa &
RIRIEAGER, ITEERER ZnSe, NREASEIFER (FET, HE 0 EFHIRERSEN 0.69 W/
mK) , BJLIS BRIEMRISFRE MBI, BITIHE ZnSe, A FE, HMNAUWEBHINFXEER
MR ERAY: R Se [RFHMAI Se-Se —RIARIFBIRaISIBAAI SISt F A FHMBEBER
rattler JRFIERAY Zn [RF (4H53IR Zn [RF4E Se-Se —RIFAIIEEEIR ) SRAAVE A 2IFEIEUNAYESR
JEFERE T I, DRI ZnSe, WEZFFFHEFEETIEFNNR: BEEERIKAMELSRERRE
FAEENAEFEF X EEREFRIFEENSEE . BISTeEl] ENRFRDER, HIIAMRBE
PRBEFEGEET Se-Se _ER{MHIRETI MIIRaIAT, HENAVEIREFHE 7 sc BB ARSI .
HANOTELERER, IF2BERIF (Se-Se ) HIFERILISEL ZnSe, 17 BB IRAVIFEIEINAEAISRE
RS, ZfF, NTHR ZnSe, IR, BIIEDIITE T ERBFEEER. FIITEERERA,
ZnSe, EMNTHIR (VBM ) FISHE (CBM) #EBRNIZAKEEREF, XSHEE p UM n BUBZTER
BERFHIBZFEsER. INREASENRIFIBZREIEER, HRSHT ZnSe, ErREE MIEBR
YFRIREEIMERR . BN TIHRLEHIER T Se-Se “RIANFERILISEL ZnSe, A2 FENEMMNAMERAEH
SEAWPENS], 2SR LSRR SHE C BRI RAs =RFBEEEanIF S Eae B I .
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A-12 HE «-BiX (X=P,As,Sb) HEHEERYE—IERIBGAZS
L, 248
YN REABE , TRIITTRG L X IRDN KA A X B2-408, 518060

AR, FEMR R B RS AEEIRaE R LM R AN, ZRE . 24 V-V T2 VA
ETTENNERES, TLAE— VA TREZEIS— VA 25k, BEHRE T R2uEEIRISNSEE
£, MRS —SIAT B SIS, BIYBICITE, FE2 74 V-V _ RN B ENAE T
EMRIEFRIRAB MR, SR FEITBS FohNFEIL, HEAIT 20 f o o B 1BAYZHE V-V 7o
IR LU EIRS A — #H SR ARTREF T . Kocabas AT o 1824 V-V o RIVAER, &I «-BiX

(X =P, As, Sb) EGENRENBIENSE, RATEX, EEAREITSMEABIREXTE., [
B, B TERITHREEE «-BiX RAEBEEENTRIISERNB FiEwEE. A, NFEE
a-BiX (X =P, As, Sb) HEBEIIEMER, DARZRZFNEERT . A TIEIN—TH, BRENRFF
BB FEBIME R TIRNAIEICIAS .

HEATEFR, BINEEERFZHRTER o-BiX (X =P, As, Sb) RSB FI4RE. S FH
SFIEHIFEBE 700 K F=MEI98EIRER E, B BIXRIF 7 o 18 BilGRIZEREEN, BEEaENSaEM.
=R AN EESRESK, SRE-SIAR VA RRFHEERAE TR/ . AEEIIFEEBIEICFIH/R
ZEEEIRE, TETRE «-BiX (X =P, As, Sb) HN#EiRFitigata) ( v ) FIBEEMEE (S, o/ 1.
kKT ) o NREF S’o £ n BREMEEENNEE, Bif zigzag HANMEENEE, FSRERIKET
EeMIIERTF. &a, BIEEEIATENGEISASEERTRRER, #MRETRE «-BXZT E.
Heh& £ ZT #I#E «-BiSb {9 zigzag 5@+, 700 K, p B «-BiSb {9 Z2T=0.78 (n=1.87x10® cm™®) , n
A «-BiSb AYZT=0.85( n=7 x 10" cm”®) . XA TAEHBRINTIE TEE o -BiX( X =P, As, Sb ) HUGRKREE |
FBFLEMORIAERIERE, BRI RIEIGIIFAL R -

A-13 High Thermoelectric Performance in Sulfide-Type Argyrodites

Compound Ag;Sn(S,,Se,)s Enabled by Ultralow Lattice Thermal Conductivity and
Extended Cubic Phase Regime
Xingchen Shen, Guoyu Wang, Jian He, Xiaoyuan Zhou

HR KA B

REY RS EENMEEESNEET B HER B FeISERTH, EMIBRESHNEE,
FRAE BRI FLUMsrAB M. A, FEFARENRFBSRENEXRHE—SMARBMEEL . LR
EIREEN Ag8SnS6 (L EMIIEAFRNISR, LI FRA Se 1£4¢ S (UERKISRIE KSR HEMNNEX .
BEYEEASIML AT Se BREERFHIFEETREROEE, N ET2EENEX .. FIASEE
RIS EZNMIKIFSE T AgsSnSs MEHABE MEIE 32 KEFIR 773 K RNMEREHRIRAS R, HEE
£0.61Wm'K"'-031Wm'" K" ZBEZEWN., EEHEK XRD EEES5. KEHHAESK DFT EFi%iE
WITEER, RETHREENBIERASEE. BXIERIEERE. rattler-like FRET . I ZEFiR
HEXREESRENSEFN Ag B AT ARFEBRERASENERR, BIIECITENE S, ELF X
COHP RY4EER, UESL T #7444 rattler-like #xzf. (RAEFERFEIUN Ag R F S RIERSESERENFE. B
3F AgsSnS, #1HHY Se EIAFER, MAHARMNS B HEMEXY BREITEX, Hi8EH 773 KA,
AgsSn(S,,Se,)s(x = 0.03) #RIAE 0.80 ES 2T B, X—HELEREREREY VTN RSE. I
FEETEXNG A NEMIREYT NS IRERB R IR R .
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A-14 AgIn,S; BIRL S EAIEERFE
MREERR, ZE34K
YRR REEBE , TRIITTRG L X IRDN K 2F A X B2-410, 518060

MEERROMAI B MRS, ?&%Mjﬂr%‘E#%?&ﬁﬁi’é}ﬁaﬁlz%%‘Ef‘%:ﬁﬁ?%%ﬂ]E’\J?éii0 AR RO EREE
RS A AR IS ZT Sk, ZT=S i, Hrh S Seebeck 52, o NBEER, k HASEH. HiRN
KSWRBMRENEESNINEREL S* o MESHMEY . =TEEBMAY AginS; HIIHRBEALE,
EBRSH Seebeck K&, BIEHHI Ag BFHIEEINESEFBNEERS, BT EEOI & FHiRa,
FAEMEIEE, JUBMHEET, BERS, MYWERFEEZNAK, A—FEEHRRBEMH,
BERIENBSERINER FIRE T &MEIREMRE, EANBITTEERETEIRFRE, 2
ERFLURS ZT,

SCESSRAR In,S, # AQ,S MEREM L, SIRIAGF] SPS IS RINGISE T n BLE SR AginsS,, FF
2 IR F T AGrdNssSexe AG1xdNsSs. AgINs,,Ss. AgIngSg (In,S,) . AglnsSTe,. AglnsSSe, &l 6 N
ROTERBIHERHITA D ERE, BIMSBEANERFRERIIER T, NMiEs ZT 5. XRD ¥EH
rREA, FrBtFmEBl AginsSs 18, TTHAhZUE; AEBI4HeeE L.

10 LA Ag BBEARINAY AQiaxInsSs BLA AQ,S 1B74AT AQaxIns.Sex (1T n ZUESIREFE, IIERI Ag [T
THRFRE, FHEBAENIEIN, BES=REE, Seebeck R FAS, LRI Ag BE, HINTEH
Ag,S BEXEESHINRETF, Ag:wIns,Sex 7E 873K BT X=0.01 HIFERHITHEREF . Agy.,Ins,Sex £ 873K A
X=0.01 AUREERAY ZT {89 0.35 (4B PF=383.6uV/mK®) , LYIBABECLL AginsS, ZiBRIRS ZT = 0.25 (18
[z PF=305.5uV/mK?) 1257 40%.

2. LAIn 8E7I0AY AgIns.,Se 8% In,S; iZINAY AgInsS, (In,S;) t279 n BLES4K, 750 In BN T AT
BRI EZEL, 2 X<0.09 I T HARFIREFHE S Z=AMEINMIEI, H Seebeck E{K. AgInsSs

(In,S;), £ 873K AF X=0.03 FUHEFAHY 2T=0.33 ( #BN PF=369.3uV/mK®) , tLIBA8ECEY AginsSs ZBAEHY
ZT 185 7 32%-

3. BXYMITEERE R, K P IEAYAgInS, b N B! Agin,S, BESHIINERR T, RHILLERSETFRY
ZT, FTLliE5F=0 AginsSeTex #1 AginsSgSex 2 BIHIE T Te ITEF0 Se ITEAMF M, FIKE P B AgInsSq.
Se & Te e HIBMAMUE, KRIA S BRAVERE L . FIFRIBSKIEERE, Seebeck A5, ES
FTENZ, BFEFRPEIEN SITH, HFR—BRENE, Txm P AT,

A-15 EFAITEEESMCEEER B EE
EN, RVER, BOER, BV, KE, EROF, Fk
WLACAE, ERRRE SRR, TR T S S, WL R, 071002

TERBIKREIEE &0 5l 2RSSR SRR RRSASEINEIITIE. AHFREITRE Ag/Pt
B2 2T (QDs) RAZSRERAF, FAAgPtEETETFID DOV, [ILSLI Ag B2 Pt
BFREGYR, ZHEBER TIERRENRBAIBRIE. Ag BINEHIRFREBINT 2 18%, IH=
HFiES4 16%. BT, 7%8 Pt QDs SREUMBPIT RIS FEEIRN RIS SR T ERIZ) 28%., 823 K
A ERfE ZT B 0.42 1BI0%E) 0.64, IEINT LY 52% . BIIIMATISEE S EF IR IS TTRERINNKREIE
EE5MNEIES HMS #74 ZT BR—MRaIrIT1En %, 25 AR ERTHESAS QD/TE E51% .
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A-16 $5EAE 4519 CsPbBr, B F RS SRS RHRAE AR
T, KRVER, BB, ksE, Tl
WL, YIRRLE SHORSERE, RERGHIBER S B R, E 071002

L L)

4

SiaiE (HMS ) 2—Zteelr, 1% AREHMREBINERTF (PF) RemFiaREms, H
HERTEINERI. FEFE. BNES, WASOW., BEASRKE S, SHERBMEREK, HEFE
ASRIIRSEHMNEBMEEAIXE . TEERMRFSINGKRERREIER Bt B Ra N sm £
— o PKSREARRN BT LA SR A FRIETNL, BT R21TEMNIAEE—CERE HIESEN R KN
RAEIT RB R NEIR SR 45+ CsPbBr, 87 =1, AEXRA “INE” IHEEHREE P BSEER
kR, #5% CsPbBr, E 7RI HM . BIEMMEEISMIE, EREE: HREMENRT (£915-22 nm)
INF HMS A F B HERT (2930 nm) , EFEEINAEEIE5®, “CsPbBr, % /HMS E{K”
EEENNREASKIPERME, ABMEZT 52125, H ZT {E7E 823K 5 0.49 ( R4HE HMS 1284
19% ) . AHI5I3REE, SINGGEAH 45+ CsPbBr, EF S0 LIASIES S mhERI ZT E.

A1T7 EixHRSEITE: FFENFHERE. NARKRS
KRB, B, KM, PNEY
VRS KA ER R S H RSB, 1008755 2 U RL T R2AEH#BE , 100029;
* Department of Applied Physics and Applied Mathematics, Columbia University, New York, NY 10027, USA; * fhi[# 5}
SEBERHIERRABE, 100049

RERZEABGMEISF T — N EARSY, CSSHITEN T RER RSN IRE X .
FRFEEL, ASRMECHE (FRBIREFSMESIHNREASERITENE ) ELIE TREN
R, A, WERITESEETERESKERMHERRZEG T (ISR ) HASEKABHESER.
WIRGSEIT I FENEAR . MmsIIRAZAA ISR M 7 ESIEER . LULERL, RtTsi%
ESCPRIM AR E PR+ 2, EPaEREEIReR . MIERIERNBES, MiniE—R

BREMAAREER, ERTIRENRISHIEAR . AT, SEABEBRTHRE EREREENSE,
—REAREEAVIFENN . XAJERBL TR EZREREE . MAAEREEEENRES, MIlh
BRI EES RAINRRE .. ETH—ERIETEE R I RSt B B RS M AYIRE(E
R, BLRBEHMITTEEERRR LARS . AXMRET, —H0mE, HIEI/LMIFREIRX N T5ERY
B, Z—HmE, BIMERZEENERE, FEENEARREXIEICKREAREES.

A-18 MLEAMEZ TS SUMEE V-V RS REARASERIZIN
XUk, SZAGE *
TR R B S B 2B SRR R B, TR TR, 475004
Emial: 104753180687 @vip.henu.edu.cn

WE: a2UE—MEITSLRIRICIESE TRIPT LIB MR REASERT5E. LT V-VA S
EHEY) o 18EEE = (SbAs ) MEEE S (SbP) A, ST/aEMREEEEAN Slack R (21755 ) |
FHRENFFRRESEENE (FFATERE) MMITERGHITENR T eI N RRERE

(Sb) , #i% (As) , B (P) NREASER, HEI— M DEERERIEL T G2UT AR ERERS
FHIBMIE, TICE SbAs IEZ SbP, BlINISRENSTEII B RIIE(R. AT, 277 A 52898
FIRORASER, LU P, SEXNEPHIREASEKERRK . MMERFFHED ZBRXTEEIIREER,
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X—RENERSE— M EATRE: BT THEFEHREFS 5, SbAs (SbP ) RIRIEHSE
h?SMGM(P%ZEOEMW%@%ﬂMﬁM%%%ﬁ%%@ﬁ,haéﬁomﬁ$m—¢ﬁﬁ,ﬁm
INAE—NEEEN &S, XEFEA: 1) Slack BEMNE R T FEE TN REASENERM, 265
[EHEFRT; 2) EITERMEER C, By, XER i) (NSRRI x F y FaEx, ~—EBamE
HXSIFRERE LA R, XEURSEI—LEENFFET; 3) BRUREHITA2HE AT
TESRISHY, MRINNERTRRERR; 4) ME—1NEEXNERTEMINFEDER, THMERSEH,
EXSREIRER/N . A, SNESUIRASERNZOHTUERN, REFFITESTERSIIRT, #HiTHE
FIHHENRARVER,

XE: s, RERSER, G2, ZTHEY

SE
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A-19 HTF SPB ikl ZBRIBE REEF B:
skEEH , e
[RIGF R, T X LA 4800 5, 201804

INEREFEEEABE MR BB H RN X BEREIR. MPIEERE kiR, ERFEMH
BETHAEID . BEIHHRIFNZRBERAVIREY; MINHZFER LR, IIEREFR—RVISENES, 82788
BIE. b BYRE. HRFEEIEF. BAZKEERNBEEHE, HEXLSEMNEEFEMRIINE
HF SR AEIERREFRYEIR. AT, P—NESEHNELUERFINIIEEFISME, FFELN FiXLL
SEFZET Hall il AR KEEFNNEEF GRS, FBRIESMESMRIF RSN HIIRERE. I,
BHRABMRIARGTESEEHTRENLIMIAE, 4180, HRFRENMUBERESH N EEMRE
AT EE RS E RN R FIRERII N &R 2T,

NTESHATHITIREMEIAR, ATI/ENETFABMRAPKET EFLiElE, FETENY
- EFE ST (SPB-APS ) BRIZEN TERZFMEREF B, ZBFREEFEETIULAENEREFS
SPNEREHEMIBXNMESE, TLUEAEREIHIRTRBEMRIIEREFSEAMEIR. ETXEFRE
12, BIIRIBINERETIS Be #HTIH—HNE—Fr BRI “S’o/By” Q2R E—5MEE Seebeck %
THAIREL . LY, HEBARHEARIATIERREF AR AFE T RIBZ REEF Be AR ZKEER (H
Seebeck Z#kfE=E ) BIRE.
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ATIHRERIBZ mEREF Be JLABIIFEBEITESE TP EEER (TH0NL) ,
MNABEHREZERETIRRE FHEE—H Seebeck ZEFNBARRN A HKEIZMFIAIBFRERF Beo
7 BE &7 SPB-APS [RIXMENX, MTEziT BT EXRIRAIABMHME, B mREEF B
RE5RELXIZE, B2, WX B lERESMOHINEMAETN, ERELNIHTEEER
fLROIEIISR, PINRETICER . BNIMYEEFBET AR BB . IX {15 Be B /9—FHRT 18 S HIAY
IR B ELIRN AR .

A-20 TS 2HNRISASEIER
RIGEREF, LT 5 g X 22\ 4800 5

RISASRZBEMIMEEAIMRZ —, MEEASKINEEBUHEARHIRE FHNmIzIIIZRER
FRZ—. NEEEMAREASTAEEED M T AUESH, 2—M USERKEER" FBETTE.
XMZED RERTYIRERE—RIER, AT, SkEFIFE— (SMSIEE) i, 25585088 ES
FRISPVESHIESIRE . I, A THRE — P E TSI IR B T H UG S MRS RIRE,
FEUES: 1. BIFIRARFSHESFREANENEY (FF - FAEEER ) WEFEEIISEL, 2.
BISRIEHNEE (30 TEM ) SRV (40 XRD ) ARSI (6RE ) XIAFAETRISTR; 3. @Y
FAMLF R (90 EDS) #AREINEN A F AT . A TI/PERSHNEIIEARFMMIAER, F—
T EMERFEAIN RS | RENCEN RIEASERZINNERIG), KRE—ELHHUUSSHRIRENSETIRE
B, TR AE NS SARIERG [ ARK | 2 BRI KERI T — S IR R .

A-21 WS R PRI AR R
A

rhEREBE BT T, LT 100190

SRIRBMHAOMBEMETRAEE LR TN EMMIERE, AR SRINASRIRH
Wiedemann-Franz B2, LINEBFHIZ7sAIM=AF S, IEOHME (58S ) MmsS, LLERS
FERN LR LSBT . 22AEFRFEEMH (tant ) EEEBRAIIEHTN, EREHERiNEERE
AIBFR IR B NAR i T ENNIEARRVEA . ARERLL CdsAs, B, RBRHRFINEE B TR EERRE
AN IR B & . ZA RIS 2T =R LUAEI 0.5, FEMEENE LR . FERFEEE
te, w2 EAERERET NFMENRBEEHESUNZRIMAPISEFAIBER, AL, R/I\WI5MEE
Hym, BEERKEAERIRERMEEERREIMHESAININEG . NREBEHEITAINETEINEG, ERRE
SSRN_ERJUAESH S T rE . MO ER— R RN FREFAEN, WERHNHAEE
M p ROMFEAHL . SN, BSEBRAIR S cEEER, TREOFEMHE, SESENRAERRES
fEREEEEARIARSCIN, DB T Wiedemann-Franz TEZRIPRE o

A-22 BiTeSe BB E a1 S EHIE R HEHBIREIE LRV EBIEI%
HgEflHIS RERSIEH
ittgy, ZEfEm, RWiRE , R, BT, RER, SKIEA, &8s
R TR R G BOR E K H ez, i 430070

Bi,Te; E5 = EHBIM—EICNABRIAEMR, (B5H p BIARHE, n BRI ItRERE—E
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EH1E Bi,Te, EMEBESHAVRIRYER . FBABZB ST EEEBE NG s RIn R RN —FTE
gk - MR E L REEET | EFEatEseiins L, AHIRRXMIHS ERE ] UKIRERS n 2
Bi,Te,,Seq; ¥4} (BiTeSe ) RUMMERIERE, AL, HIIEE T —MRESEMBES FARERES L, &
IHI& T —Z7%| Ni/BiTeSe BB E A1k} BEFHEREDITZRER , Ni PR 7540 - BBIINHLEE AR B E 9 290 K,
MEE S REHSEAV RN IERE REF STABIRE I ER L A, NiS BiTeSe RE&KM
SeTZ R a5 kREIE NiTe /RIGFZBRBEIE NiTe, T LIS RN — ISR . KA KRGS ED R RS RE
L2, RIEBIRZME Ni Kk 75|\ BiTeSe Bk, HIgH NilBiTeSe B ESHH; Hizltsel
&I, EEMHIBSRERT B Ni KA FEE(RAIRB LR, Seebeck R AL NNIRT #BIIREL
Ni KR F =RV F 2 EHEN, RBEASEREIETFRRERENE FIIEEMEIER . NiBiTeSe
MK E SRR ZT {81E 360 K BTiAE) 1.1, 5 BiTeSe EMBEVIRES T 32%, ZA RIS RS 2844
=RHNHEAIESIREXE] 4.2K, 5 BiTeSe E/ARHEIp AR E=4BLVIES T 61%.

A-23 8RiES BiSbTe MK E St EHAR MEEINFISBRENBEXIEH
AR, Sy, RbikE, AT, OV, RER, SKIEA, &
B TR MR A B AR B R i T 52802 ) 430070

Bi,Te; EG = 2 HRIM—RUANBIRBMH, ReEABMERERZMH—BEEXRIIMRBER, X
FRABHBE N N EEERRAEMHNEFIE FRZC LN REMLEREERS . N TRRZS
RO LIRS BiTe; EMIBABMHIGEREBIERE, A3OEE Fe,0, MAMPRKFERNE B, p &
BiosSb, sTe; {RIRFEEAF#L (BiSbTe ) fEAES, REBASHEGHBREBFHRRELZHE T —FKI
Fe,O,/BiSbTe BB EG#¥} . HIFAI, BB HTEARREFRMIIAY Fe,0, AR F IR - BBIRELAE
ImERISCINE[ER 210 K, HikH - IN#ETRERIEEEEMNIEICITEEN 750 K, RBEGTHEF
Fe;0, KA FE 300-500 KSBERNEEMH TIERXN—EA TR, SEEMHERstaelEsxR
B3, iBInt Fe,0, PKhFr=ERHIRF2 BB AREE T BN P LIKIEE RS Seebeck &, X
ALGERRZEGH B SRR RENERFSNEEFIRR,; B Fe0, KK FHBsE2E 4]
PARESRREYEFARZEEHER, LIBMEEREASER, Fe,0, 287 0.15wt% NEGHH
K ZT [BIAE) 1.5@340 K, SEMMELURF T 32%, ZEEMHSINRERM=RINIERFIIEEIX
2 5.4K, SEMEMRIHIRRIREREEIRS T 2 &,

A-24 EIEHRIbSHERIRE
X
H R B M B ST T

IRIMPIESHA FRS S NBRERTSYIENE TR T FERIERSHNT .. #BIEIMRE 2 BRIFTIASE
WMAKRBEEHHFIN TR THIFRE, AR THIMIEREORBMNTHA T AL E . MREBET
HMEINRF 2 REEAIRINETIERRIEAR, EREAR BT ERMIENS], R (R
RPTEBRIRBREEMFIERAINE, NIRRT ARSITAIEERHIERIKTE . FENREHEFNAE
RIBFRIR M —LEBEMEL
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BEEMRBEIEEREINRIEREERERESIES SENERE AR O R, (BEEIEEEX
BRI B S PR REF 7R . R EBHAE S TN ) LA R RN EB AT R AU R F4is A
Tz, KigERSBEMsERE, BIEFRBRI—MICRIARBIRGSRBIERERIND L. ATHRR
RGBS TN E D RSN ERAERIaERE, FUIRETIRED B - ZMENR) - MERVERE W —
MURKESSTTD %, PRINHIE T —FY Fe KA F1E5E 1B xFe/Bi,sSb, sTe, RIMEABHLER . 7K
W, Fe KA TFIEEN 0.1 wt% FIZIHAEBHLERRTE 300K AT SEMINER T BIEE 3.72%10* S'm”
1156 x10° W-K*m", SEAIELHBIEFT 45% F190%; FEIRE MELFIERENYETMNE T NZERME
PEBHEEIR T Fe YRR FHIERHY - BN EIRE N 345K, B REBEIEERER sEIR T BIINE Fe 49KAL
FroERYREEHFB SN, (EERIIEE BFE—ER .

A-26 2= N B! Mg,Sb,,Bi, EHAB#EIZELRIAF
TREEY, aE, BRT, RN, Rk
PR TR, JEREE T OCRHAE T4k 6 45, 100190 ;
2 Department of Physics and TeSUH, University of Houston, Houston, TX 77204, USA

VEEFFFTFAY n B Mg, Sb,Bi,, REMRIAEBEETR. tLRIMR, FH Mg, Bi EBMNMSLLRIKEE.
AR, EANEENREESHIFIIMBME (300~773 KA 2T B 1.2), HE 773 K NABM{ERE
%) 1.6, BERIFETFHNARR. RE n B Mg,Sb,Bi,, ABHHETERXGRIFIANEESE, (BEHAE
iR FRRENE . TIFEINAEISEETINERESEER N . BR0ET n B Mg,Sb,Bi,, e
AIRREIE TR D RGBT . AL, FARGHAR T =AAREDHT Mg,Sb,Bi,, REMHERRIRE .. 1
S SHBEVREL RO I RE R EUMNMIESIORVE (L . IX=MAEBAA AL BETE TIRIREDY 673 KLALE
TR, FEFEER Mg TTEABIER . MO REZUMSE. (] QIR Mg,Sb,Bi,, 17
B EREMINRE, AKES T HmiIPdeEtt. FMEXNTIRE R IliREL Mg,Sb,Bi,, HEBITHIZL
KT 7, BAE 673 K NHIREBAGIEERN 10% 24, FHEIZE 50 1200 SRR R RIEREE .

A-27 EiZiEZt Er. Tb Jt=IES n B! Mg,Sb, RYREERE
BRHGBE, T, 255tk Z0BOR, THEsr
TR S H T e bR R RS T, 475000

TENFERERME, ABMH B TRERAEEE N ABENFEMSEMHESXT ., BEAL]
HNRAIES, MRMZAIRBEMRRE SR . T/ VFEAIEZHEHTIT Mg ERBHRAHAR, THEHEn 8
Mg;Sb, &% . HTFEEEaEHE. ERENSEMNS, FECEEHTREIMNEMEE, B2, KD
5B EEEH TR n B Mg,Sb, BERIEBE FUBEZiET= (S, Se. Te) KM EMEBMRE.
BR, BIINS—RELLR, EEEBFEERSNTERIERERB ML, BIIE Mg N EER%
BEREErgy Tb, MRMERTRER 0.7x10" cm® 1257 8 x 10" cm?®, Altt, MHRHBESRER T KX
IBEREF, 7E 750 K BIIIREFIAET 15uWem'K?, @8, BT Er 8t Tb JTTERIBZGIN T SERpaE
&S, 1B T A TEEY, BT EIERS ., &%, 7 750K iYiEZ Er ok, Tb tRIFRAIERS ZT EiXE
T 1.65, 2% Er ok T HERAABMEERE T LI SEAmETERRE, ZER THSAREMERE. T
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A-28 Optimizing Electrical Transport Properties and Strengthening

Phonon Scattering via Y doping in N-Type Mg,;Sb,-Based Zintl Compounds for
High Thermoelectric Performance
Jisheng Liang', Chengyan Liu’, Lei Miao'*, Junliang Chen’, Biaolin Peng"*
" School of Physical Science and Technology, Guangxi University, Nanning 530004, P. R. China;

? Guangxi Key Laboratory of Information Material, Guangxi Collaborative Innovation Center of Structure and Property for New
Energy and Materials, School of Material Science and Engineering, Guilin University of Electronic Technology, Guilin 541004,
P.R. China; * School of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004, P. R. China; * Center
on Nanoenergy Research, Guangxi Key Laboratory of Processing for Non-ferrous Metal and Featured Materials, Guangxi Key
Laboratory for Relativity Astrophysics, Nanning 530004, P. R. China

Environmental friendly and low-cost n-type Mg;Sb,-based Zintl compounds have been attracting a great
attention in the thermoelectric field for its reasonably low thermal conductivity and remarkably outstanding
thermoelectric properties. In our previous study, the multi-element co-alloying/-doping strategy could
significantly improve the thermoelectric performance of n-type Mg,;Sb,-based Zintl compounds. In this work,
Y was doped on the Mg site of Mgs,Sb; sBiy.eS€,41, Where the carrier concentration is significantly increased
from 1.05 to 9.43 x 10" cm®, thus leading to a notably enhanced power factor of ~1360 pWm™K? from ~720
uWm'K?. A simultaneous reduction in lattice thermal conductivity is also achieved. Scanning and transmission
electron microscopy (SEM and TEM) was employed investigating its microstructure, including disordered layer
structure, nanoscale grains and SbY precipitates, which give a benefit to the phonon scattering. These results
lead to a highest ZT value of 1.8 at 723 K and an average ZT value up to 1.2 were obtained in the temperature
range of 323-723 K in the Mgs 15Y0,Sb; sBig465€001 Sample. The electronic structure of transport properties
of these is studied using density functional theory and the results obtained are agreed well with experimental
results. Thus, Y doped Mg,;Sb,-based Zintl compounds a high thermoelectric performance, is a promising
candidate for intermediate-temperature power generation.

A-29 High-throughput prediction of the thermoelectric transport
coefficients via data-driven descriptor
Zizhen Zhou, Jianghui Liu, Guohua Cao, Huijun Liu
School of Physics and Technology, Wuhan University, Wuhan 430072, China

Benefited from recent advances in big-data analytics, the machine learning method was proposed
to accelerate discovery of materials with desired properties. In this talk, we apply the data-driven SISSO
(Sure Independence Screening and Sparsifying Operator) approach to propose efficient and physically
interpretable descriptors to rapidly evaluate several transport coefficients of tetradymites and half-Heusler
compounds. Without any input from first-principles calculations, the descriptors contain only several
elemental properties of the constituent atoms, and could be utilized to quickly and reliably predict the
transport properties of a substantial number of systems drastically beyond the training data.
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A-30 Bi BBRE=KEIE NS ES THiE
WhAE, skfil, DSRZE, WAL, B, R
BT R, MBRE S ARERESLGE, HdbE RNl X I 122 5, 430070

F SRR AT AT LASSH B e e B R RS e R BRI ZRI 2T, FSARH
MREEARSEEIRNAZET. ZIURBISER, BERBMERSGMRNESY, BIEMRERTRENERE,
RAGBEITE. SBEELN . MRSIREH TABRIINREFIETLNERAEZNARFER . BE]
ED (Ink-jet Printing, IJP ) E&%XKEYLIARE ( Selective laser melting, SLM ) AE—M4EEESES
*i:'ﬁ':FEﬁT THE, HhamESihsttaenseRcEREEK2L IUP-SLM HARER . FREEFIFTED

BN R P RITRRESKES MBI XS . AHRUMKEERSH Bi BJREEEE/KAM6), %A
1000 BEEANERBif. BRAER (282- 2728 ) « MR, LIRS - ik - BEAE8 T —
FIAEEESE. BRIE. BFSEr0HEME B 82K, HIRAIFEREEX SRS T AEEEE
FIAFIELAIR Bi BKEEELNSBEEFRE, BERSFROTEETEERIFeEEMITENE SR Bi
FKERE. BAILLAEE. &fE, BISRERREN . FREKDN. mEUENRENZEERZKAIE
EMFFTENE TR, I 7SS BEFIENERE

A-31 Extremely low thermal conductivity from bismuth selenohalides

with 1D soft crystal structure
Dongyang Wang, Li-Dong Zhao
School of Materials Science and Engineering, Beihang University, Beijing 100191, China

Materials with intrinsically low thermal conductivity are of fundamental interests. Here we report a
new sort of simple one-dimensional (1D) crystal structured bismuth selenohalides (BiSeX, X = Br, 1) with
extremely low thermal conductivity of ~ 0.27 Wm'K™" at 573 K. The mechanism of the extremely low thermal
conductivity in 1D BiSeX is elucidated systematically using first-principles calculations, neutron powder-
diffraction measurements and temperature tunable aberration-corrected scanning transmission electron
microscopy. Results reveal that the 1D structure of BiSeX enable to possess unique soft bonding character,
low phonon velocity, strong anharmonicity of both acoustic and optical phonon modes, and large off-center
displacement of Bi and halogen atoms. Cooperatively, all these features contribute to the minimal phonon
transport. These findings provide a novel selection rule to search low thermal conductivity materials with
potential applications in thermoelectrics and thermal barrier coatings.

A-32 B4 Heusler HEBITEHIRRERE
KRR, B4R, Shashank Priya, Tkl
rh Rl B PR 5T

3 Heusler ARIEEMFIOVMIERE. PR TEMHFIRFINEBMERE, TPSRAEERIRNAE LE LR
Ko XEMRRAIZE _LIRE T Heusler M RHFRIORALEIT . ZAT¥ Heusler MRIRIERNRRZ, EF
¥ Heusler MRS SHEEABMRIN TEEEREZ . ANMREBELDEITHIEFRTEL Heusler #7RHEICTR
MFNSCIIRER A E EMHE . BEEIATENEM BORRE N ESEAMTEBI ESaBaTtETa &
ZE¥ Heusler MRMAR EAIAR TIE, HDEEREMVAISE LN—LEK , RETENELERIVEM -
ERRIT AR Heusler BRI SE3TRERI R B [E
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A-33 ZrNiSn Half Heusler B4 PRI F = F 851 5 R R

55, G, %M, David I Singh, RE7%, ik, DA
ARSI RS RSB, I TR ) 800 5, 200240

Half-Heusler B4 S AMEBLSANIRIEE, RIFAMEE, ENENERTE, E—EIHe
BB B A AR AR RIS . BT RRI AN BB SR AR AR T,
PRI+ 4EE, N U] P 2 half-Heusler AFEMEHOEVE T RAHGHE, MERMEDE 1. oMz
FRAOMOEETE, ERMREESET RS ST . SSRSMRBRSE RN, BT S
STV ERTEE RN, PR T A A — 5.

FEATZD, BAIRIFESM ch P B ATE T ZNiSn,,Sb, M EFSEEBEAFRE (3
SbIEZGRE ) HUEL, LA WEIEHE, HITEIMZMEDEERRIRCSES, EERNA Y
St 2 IaEss, B LO-TO splitng. {RIEEWMIIRIZIS, 2R CAEIA 2 HE FaA-EI LO JRahs]
21, AR HERIRROMEIER, AR SEETHES. B, BAIVEE LO-TO spliting
BERRTREDEINTHETR/N . XERHATIRAEBFOREINLEMA. BIXI LO-TO spliting
REFHISIONE, RATATLUSE ZiNiSn A IERBIRI S THET, FESRRAEE
LB M RATIREM TS, ENEEEEONERTTX—Ee, BRRTTRERlEEER
PRSI R NIRRT . ISR B RO LR AT S

A-34 High thermoelectric performance of half-Heusler compound

BiBaK with intrinsically low lattice thermal conductivity
S.H.Han, Z.Z.Zhou, C.Y.Sheng, J.H.Liu, L. Wang, H.M. Yuan, H.J. Liu
School of Physics and Technology, Wuhan University, Wuhan 430072, China

Half-Heusler compounds usually exhibit relatively higher lattice thermal conductivity that is undesirable
for thermoelectric applications. Here we demonstrate by first-principles calculations and Boltzmann
transport theory that the BiBaK system is an exception, which has rather low thermal conductivity as
evidenced by very small phonon group velocity and relaxation time. Detailed analysis indicates that the
heavy Bi and Ba atoms form a cage-like structure, inside which the light K atom rattles with larger atomic
displacement parameters. In combination with its good electronic transport properties, the BiBaK shows a
maximum n-type ZT value of 1.9 at 900 K, which outperforms most half-Heusler thermoelectric materials.

A-35 Half-Heusler Bl THikFNEREREE
Ak

TR B A EROETE T, THE YIS R AP SEE, LR AT, 230031

BB 5 half-Heusler (HH) R EEMRAIBFMER. ANFRENE. M EEFHSAERS
MHUEZRTZRE, BRENSHSRERG T HAB MR —FRETT. N TEEISMAY HH B
K, FANBEEXS 70 FRFAMADFIRE HH FPRAUEBFFAEEREH TIFAATE, Wikt Z LAY n-
M p- BROSAL HH #8448, 140 BLISI, BiTiHt—2 ot HH # 8 R IRFEIRABFIIMERSYIEE, (]
ST T IRASERNREFEREEIRR . LEIMIXS HH (ARPIBCTON (327518 ) FOSCIeIN ({EXIFR
£51) AT ERAESIERFFRINR, I3 HH MR p R BB D F e R T TIRETE, IR
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ISEETIEFBERISIRENE, FREESRE MIEEBMIMRIENEE . AILBANRE TIRESERYS
2=, &Ko, BYRESGEE 17 BFH 19 BTHIARE Co B9 HH #1%}, BABICTUNE T EE 18 BB FAIEY
HH #7284, AJLARTEUL 18 B9 Co & HH (A% . HHERERERFARRAREMEERMTTFARAT,
XAMBRILUSEIFELAY HH #E8irrt, MERLIERMITRAVMESRRISE] n- 7 p- BUASAEE

A-36 Heusler &% CoFeCrGa ¥l CoFeCrAl hARBRYEET A FLEHE
AU, AT, &R, e, kb, BEmW', ok
R R R REEA R SR E R A TSR R, WS H AR TR MARR AT, 475004;
R Tl K2 S T RE2EBE, 450000

Heusler 5% CoFeCrGa {ENIRENBIELIERESH T —, RESHBEBRFZNANEBEEIRESE .
B2, WEEEHRNRES, AFEIIECIASARE 7 —&o{THBH . EXIsF, HOIFIAML
BB E IR/ R 2 HE1 TSRS 7 7T Heusler 5% CoFeCrGa 1 CoFeCrAl BUEIEZEMN =R E],
BlE, CoFeCrGa 2ENELIEEEE/K, M CoFeCrAl 22 BISHAA., XM RIEE R R4/
BIEENT RSB 6.76 u VK F1-0.57 u VIK, BSIETHZEFIERE, CoFeCrGa RIBEIEEMNTRE
£ p=-0.15eV TESF -11.7uV/K, 33T CoFeCrAl, BHeZENTIZRETE u=0.13eV I LUESE) -16.2uV/K,
EIINSAEL BRI Z=IR(E A 0.73 F127.5 1% . LL CoFeCrGa #l1 CoFeCrAl /1, A TN <, BB F45H4,
M BEAE R AHE L ERR 7 XM AR R Bl RN R R E N EZBIRES IR, 35, &K
NIRRT 24N AR B E 2 ARG T I —Fh o T R B AVEERS . CoFeCrGa 1N EReLIBIEH SRR
EERFSAERBTFEENEE R, METEABRRIIFEET A NIEEE R EN BB FEER

A-37 Establishing the carrier scattering phase diagram for

ZrNiSn-based half-Heusler thermoelectric materials
Jiangtao Wu, Qingyong Ren, Jie Ma
Shanghai Jiao Tong University

Chemical doping is one of the most important strategies for tuning electrical properties of
semiconductors, particularly thermoelectric materials. Generally, the main role of chemical doping lies in
optimizing the carrier concentration, but there can potentially be other important effects. Here, we show
that chemical doping plays multiple roles for both electron and phonon transport properties in half-Heusler
thermoelectric materials. With ZrNiSn-based half-Heusler materials as an example, we use high-quality
single and polycrystalline crystals, various probes, including electrical transport measurements, inelastic
neutron scattering measurement, and first-principles calculations, to investigate the underlying electron-
phonon interaction. We find that chemical doping brings strong screening effects to ionized impurities, grain
boundary, and polar optical phonon scattering, but has negligible influence on lattice thermal conductivity.
Furthermore, it is possible to establish a carrier scattering phase diagram, which can be used to select
reasonable strategies for optimization of the thermoelectric performance.
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A-38 Processing and characterizations of flash sintered
Zn0-Bi,0,-MnO, varistor ceramics under different electric fields
Jingrong Xu, Ming Jiang, Zhiyaun Liu, Dong Xu
Anhui Key Laboratory of Metal Materials and Processing, School of Materials Science and Engineering, Anhui University
of Technology, Maanshan 243002, China

The dense Zn0O-Bi,0,-MnO, (ZBM) varistors were prepared by flash sintering under electric fields
ranging from 200 V/cm to 400 V/cm at constant heating rate (CHR) and constant furnace temperature
(CFT), respectively. The structure and electrical properties of the ZBM varistors were studied via the
XRD, SEM and a DC parameter instrument. The onset temperature and incubation time of flash sintering
decrease with increasing electric field. The effects of the maximum limiting current on the density of
the samples were also investigated. The results showed that the density of samples increase with the
increasing current values. The improved electrical characteristics were obtained during constant furnace
temperature flash sintering. The ZBM varistor ceramics exhibited superior comprehensive electrical
characteristics under a field of 250 V/cm, in which the nonlinear coefficient is 26.4, the threshold voltage
and the leakage current is 466 V/mm and 12.32 yA, respectively.

A-39 Skutterudite vs Perovskite
—intrinsic filler and extrinsic vacancy in ternary structures
Je
Ry

ERENGIFE, BlE—B8ERHTE. WERLH Yo \ERSHI 4, RESNESR, BEREER ‘M
ST KEEMNDENFE, NIAEED "ARF ¥ RN, BREX—F4, HBRAE "=
K97 B9 R0 ¢ fFR ABO, IR KT, SIS £E, BdRERSRREEFT
MEZ "G - MERE TRR.

BM=S<, M CoSb; BIELEHIH/\E Co-Sbs 7 FELITHEEIIRL: Yo FE A M “F" FiatEs, BE
BNMBEEE . R HREBESENRIERZAESIIIRENISING S0, EEHERNRE, KRREELY
ENFEE, FEIEAARZ “ER7 B, SRFRRSHEUNLN. BRSMMEEIT N S EE. RE
SITiO; FIZENHBEIEEZREEBHR T, EEAR MENETMNAIRERS, T A LTI
NWEFMFENEERS. 25, AN /B UEEEZS, PI5IRSHEE “U4E" ROMGEE, A0 =
UEIERRIEEREBIT AN “AME” F, FEENHE TR , TEREOEEFEIDTIE"1E,

=JTABO, ERV SRR, LHNBAMXRAIER. BREMEENNEIEEREE T K=E. RS
FANAERRE | KREEEBEER R SMEERISERIERER, EX— [EXRME BB . BEF48)
. IMAEREARXBEEJEXNEEY T .

A-40 BEFR BRI FRERGIRLE S 2475 hE RO ERE
FRR, WM, T, B, SRR, R
BRI e S RIS A A, RO R, BRI 430070

E I S IBEFEBRMETTE S B MRRREASEK, BIANEMEE. B, REEMIFEHE
EMELLG S BIRS N CoSb; @isH . AMARGEASESELZMING T P &L S B2 #4t, Zaks
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HOHT B RRBETREEIMER S XUZATE (S,C0,8b1,,,S,, ) BEAEN AN, XRD EIEFIEHAST
ElErs/ES A RIEaE . S BANIF mAVB SR BE , (BIEH T E N R AET ST E AL,
S 22 CoSb, HIREHTHE, HitFEREENRS, BFTIRAZENERE. 18t CoSb;, S,C0,Sb1,5S,, 14
BYRIFEERBERE, BERSEMBIETRER/N. SBIIRWT CoSb, FILZFR, RETERFERE. Hm
S,C0,Sb1,,S,, FIASEREIEE S SEBINFATRV), XAMH T FIREMRE, THRE P AL, =2MH
T —HEROIRR o

A-41 MR TANIGAT S EHEB R A IR
MR, B R, &S, FEEST
KERAE DUMRE — 5 210096

TSR MR R T ERSE FsEEAREIAEERT —BMZAARENN 2K E. A
RS —ERIENBR/RZSBISIEICRFRT 7 NIERAT CsPb(l,.Br,), &I Fiis TR AL,
P — SRR, RHIBICIES . 5RAI, CsPb(l,,Br), &1t 21 MawEad, BFEgT
EIRNEETE, SHK (CBM) £2HMH Pb-6p HUEIAL; MR (VBM) E£2H Br/l-p HUEH] Pb-6s 3iE
k. Hf, CBM BT G2EWH IBr RFATSERELF R EMIEMRISREFERRNS, FEBEFHIE
BERIIN RIS, BINRBHN=EEF.

NEERFIMBN D RIEARN N SEFRETEM NN RAIRENE, AL 21 MESEMATR,
YNE X Y. Z=NEES5EIINI{ER. A5, VBM BT Pb-6s HUEH Br/l-p HIBRIZZ B2 EELN
DR N AEZW, BILMEERNNDRIEIIMEZEE R, BEENDEINMmIZEN L. CBM $iEpedk
FR3- Pb-p HUBRISER S R IVRMBEE HL / R IABIIEAT b HE—250, St SATRaED, BB DAOER,
NERER DB, BURENETEHERERN, WHEERTERATM. B, ENRZLETES
CBM 4LBERRIBHIZEER, NAOERIERMBRER DR, BFERE /B, 1BRT5RIZE N SeEREUR/N /
R, HugReR T/ £, BNSRBSRFIEX/ B/, FEEEERSSHNTNER, Ea2E0
RFERENADHEWERT, FEESHEISRE T EL L 2% NAFR MABMERNEHI—E, &
KEAE 1.9 G, RPTNAREFEREBIENIE, NEFAABMERMEELIRE, NEFAE

M RERHIBICIES .

- qsport Prope rties engin g rin,

Anisotropic strain
with halogen mixing

Tailored transport
performance

Orbitalg split and reconstruct

Pl 1. I £ 2R 2L I 1 T 254 Bt AR
A-42 FREERESRAE AR I RERVIRIC SECISTRF
WU, W, XIFRE, HRESR,
FERE PR AR B R R T S0, PR IGRERERDTSPT, 1, 201899
FEERT SRR TR R RN ANIRIEZ —. HFR, SAMGKT 4, 1 SiTo, EEASK
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SHIEREFIBFAIEEZERBIARAXE, AMERARIANSZIEIS TENA; LL CHNH,PbI;
RIS R EBIRENREASER, AMEREERE.. 58 DIAMEMHINS R, KRR
EFRPRES A MR E N — S B REBATRIHO BT BEME

FRIRISAH MR —2S A SMhIRE R, EAERERxBEA5ENTR, (FAMREACRM
FHEEHAS e 7 Af1XE . MARGEEHE—ERIEHTEMLININIE, AR T BARIRIS AT MR TR .
ETH-RIEBHERRMFR T 12 MRIRISIAN #44#} ABX; (H A=Ca, Sr, Ba; B=Zr, Hf; X=S, Se)
RORERIIEIERE . TR, WIRISIAE MPREELEAMY), B HESS, BEEMAEEHERE, RAMAESR
EASTEBRE, WMHEEMK BazrS, BRASEWER 2 Wn'K', 1§ S RFIEA Se [RF, ASXE
PR, NRIFEICTUNER, LREM T BazrS, K, =BASFKNEBLN 1 Wn'K', 51t
TSR . H—EBFEROTBEEE EMUEEERSHRmIEERE. HINEEE, TiART
{FEL7E BaZrS; BEFLI 7514 600 S/em RIESER, LIAGERER, MRS HEEEERSHY
MEaMRE, (BFECIRTFEXE,

A-43 78Y VI-VI iAW -1-V-VI ik SV EL B A e 5T
FH, RIER, 2RI, B, GREFET, JE/INT
TR PI2ERE , FPRTH X B R R 22 IR X, 401331

LA TAGS, LAST JXZEH VI-VIiEtEY) (PbTe, GeTe, SnTe) 5 I-\V-VI & &% (I1=Ag, Cu, Na;
V= Sb, Bi; VI= S, Se, Te ) 1 AgSbTe, FZ R BOEA AR HA S 4EBERBMEHAT LR RISASEISINERRE T,
AT HFES TEXRNAID . BRl, MRELESHXTIRE T VIVIEEENDS I-V-VI R EHE
eSS ANERER, BEMREANABEIEEREIIRNE ARSI BBV VI-VI i &Y 4EEERY1R
Fto AARNEZERNB D ARELS

F—EF5LA n BY AgBiSe, AMARNISR . AgBiSe, 2 VI-VI Rt EMHRS I n BLESK, BEERSEHS
ASEIRIFIORBME, AT AgBiSe, BIERFFARE, EIMAGSHELREESRANISE.
IISRAENS PbSe F17E Bi (U EELA Sb 1971v%, FIAEATRIVEEMEIGINERE MEX TS 1EVEE,
FHFAHR TSR AAIBEZANEEXR, REmaHeEAn, L 7TEERELSEE n B
AgBiSe, BT 800 K511 0.9,

B ED RS T GeTe, SnTe 5 Na(Cu)Sb(Bi)Te, EiAMRAEEIZIFME, 1AM IXLEFEK
V-V RICEVIENER) T R PREEARER FREMSRIEASEER, T TRBMENRER .. Bl
—S R, BIIAIME Na 9 I-V-VI IR EMEERR T EARERE, FPEHEIJETF NaflCu 5 Ge
ZBRBRMER . BEOITBEEHE, B(NESE 7 EAEE, HRRIEBRREEREMEIHEXEBA
HEEIEIR.

A-44 HAREEHER I p B (Bi,Sb),Te, H# AR IERERIRNT
LSO T S
CHRM R AT SRS, BRERE, WK, 100084;
LI A AR, 7, 065400

Bi,Te; &R —RXLHANLEREXABMH, BEERRBRAMRIRER, H—SRAENE
MEEEEEE N, HESIRERXRE, XA FEGHLIBIIES Bi.Te, MHERIABERE, BEAS

MEESHAKIFR T ZEXERERBEH. XERHNILAK SiIC KIF R4, SEHEGEEENRNN
0.4 vol%, WRARRIEAIFK SIC XT p B (Bi,Sb),Te, MBI HEIAIFNG . ERFHE, 9K SiIC HNESEM
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B—

T p B! (Bi,Sb),Te; BB SEMENTZRE, T—EREE LT XM NSRS, B/I\RIHIPXK SIiC
Xt p 2L (Bi,Sb),Te; BNz 48RS ENEE,; NFRENZEEE, KR TAIGK SiC XT p 2L (Bi,Sb),Te; A9
FINBEZERNA—MES () L, MK SiIC RTBNE 100 nm sE/NT, KBTI FHIBL
NRYRLOZHEE, HMEREEEMRIEIENEER, KR4 30 nm {9 SiC E519 p 2 (Bi,Sb),Te; + ZT &
KET 112, X—FRANENEREIER FHIPRKRL LA BiTe, MEIAVABMEHRMIES:, B4
KA FEEFITIEE Bi,Te, MEIHIABMERE, ZNRERBEEHE FIEMPBEHARH,

A-45 MMKZEERRT InSb #H BIZASRZIWAIHATR
FACHE, BhEVE, SRV, ZEER, MR
FOR T E B S R YIS S, R T A, BRI, 430070

BIR (InSb) RSB ZE—ME B DHFEXAEMH, ZMHAEERSNASENBEEX, FEHE
RIEASEKRRINZIIRAEMRENERD X, 99KZF5 (Nano twin) &SP —IPEGREE . 9KFR
SSEMHBEERNE, BXRIKFENTHAEHREASRZIRAR T FERD . AT RS
PR RIS I NPLRFRENTRE, RBOFINFEUNG L, MEETEZEREENSIIR
FHHTASEENITE . AREEEUE, Bi05(100) FAERTIZATF (01 0)F1(0 0 1) FERIHIAR
EBIgRE, FERELE (10 0) hREETEFREE, R/ 129.56 nmx2.59 nmx2.59 nm, REH
(0 0 1) FEFIHARH, FRAFR. KB Muller-Plathe 12 HAVFEFETARISIURISAEER, REMNLEL
R RE IR R RSAEREITI . BRER, OEBRER S INPERF R LARZ SR AR
SR, NIEEEWNF 7 IRKZEIIBURAEHASRITIINE, HENEMRBIRXTIRRESR
FNASEIRRIEHRSE .

A-46 PRFERIT Mg,Si R NFHREZ NS FEHFRR
e, K, R
FOPPRL I LS TS, T, OGRS, R 430070

PEARMARAVAEMNIMERERE T W BRIEERIE . FRAAIS INEEE I RRRAER,
ERSREMFIEBMREIARIERE . AT, BAIZRIRIIIEERR, FRFAISINZHIE Mg,Si iU %R,
BEFRRIYHDZMEIZINESTIARRANR . AT HRENKRFER IS Mg,Si DFMEERISIN,
MR FRANFRILERIURR 7 R ER T PKZESR Mg,Si AR IERE{ER N E&E 8RB RIAR (1 -1
1)< 11 -2> BIBSYINCAONERL . S55REPE, PKZERR Mg, Si RIS IR EFIER R I HMEFRR TRIEAMIE
K, FHEETRE Mg,Si fYE. MERRIZUHNPEFINZFRE M,Si IRIREE . ELEIIEMERT,
ZEERFAL Mg-Si RIS, SEUNKTER Mg, Si 5K . FRRTANEM, TR Mg,Si AIKZULH) .
Eoh, BANMRNE T IREFSIMHIAISSIER . ERER, REFSSMAMIIF RIS IEERIR
S2E B IR TIFERRR, I A BB SRR Z G Mg, Si v est, BEHITERNRIRR TIEM5

A-4T BT =05 1n0EIRM BRI EREMR
CR AN
ERBOE R L, R, BRI 430074;
CPORRRE S TR, REBARE, WK, e

HEEOK DRI 2, R SHIRIIEE S XS REEREE AR R EINER . e LA ERISFE
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N T S+ RPEREMNERAZRE

L)
&

RFREEER, TONFRRE, ReNERMMIANRKSER; 5—HE, EEEMARERGYNIFE
ERBISKIHRER SR st RIS Sk, IDECIRSHRIREEELIRH—IBIN, NAKTLIMAL
MR EERRH— T E2MHE); EEHETIMIRECHINERRS.

XE, HIELNR T EEEERERMTILPRIRESH: ENRRY. BSR ASZERBSHHR .
HX, NARERESINEBETESES, AISEes FREMEASIER, fIgHER/El/ 2
BERREERNAEREM, XIBINZEEEMRERMIINBESRENEEAS. BX, MAHAFRER
ReFEABRMNBESXRNENTRY . &, AT ERAERGEE, BEFZAIARIFILN, Fit
Eo SR E RN Y BUSsIASS . XEFU IR A—FMRAIFER, FIBREREANRE RN :
SRR, (IR E SRR EE I —rRIIKED D, RIKEIE SRR FHSIRREEE
imissl), MM EEEEEENE RN AR AEHRERE .

v

A-48 BEF=RiaEmigit RERia TIERAA R EIEas AR e
JARETT, MRoTtE
WHERA, BPRERE, BRI A TSR ARE, L 100084

i (ZnO) EREBVRIRNEEERAMETE, FI8T2E%, TELELURMERNSIERREMSE
M FREMEEMM=ZE 2RISR, B2, RIIBSESHASERS 7SN ERAELNA .
Botx (Ga) BZMEMAE (GZO ) MEEEHTHER FIRERNEHUMKEE TEAERIZR, 7
LIBRSSEIEB SRAEFHUARAS R TR . RENLL, ENRRHESRFRERANEINSE —EnIRE
&, 1#15 GZO EERMEBMENPHETEHECSMRRABM R . AEY =A% ( GZ0-Zn0-GZO ) Y
RITHESESMAENE, BN T GZO BEMNENRRHFINBESE, BT GZO 1 Zn0 EFRMALAIEE
ST LR BRI GRENRENESAIRE, =B asEENSEEE RSN RE R
0. Eeh, GZO-3nm ZnO-GZO SERERIINEREF7E 623 K BHAZ) T 434 mWm'K?, T BRIRIERY ZnO
HEEENRSE. Alt, AOREN=EaEORITEEHaIRENS ER—ENEEBE LI EK
BURE AN BRI FER.

A-49 CuGaTe, #1# 1A Z hEFEEIR 1T SL I R E XA SRR
Wik, W, AR, P, BPEE
R B A TR, AR 230031

=Y AL EY) CuGaTe, B TFHEBINEREFMs ABHRALE, B2, HEEHNSRIEHE
KeEEIS T HABMEEIES . HAIRMRERE, BT Ag. In IS |IABTLAS[EETEMIES SN, Him
T RIS B % K ELXS M AY CuGaTe,, AgGaTe,, CulnTe,, AginTe, ZERPMEX . 155 2BMHER—
ERAEEFEEARTTESENMRSHES T, NIERZSIBERE I LOGRZIEETE FRRERSE, E 2(h)
PR, HRINSBASRERTRANEE, =EMIEM 6.13W-m™K' BEEE 1.51 W-m™ K", EIgA
75%; 45BIETE 873K B, R Cuy,AgesGag.lngsTe, HRISHSREZRMET 027 W-m™-K', #H—%
DR MR SREASERTERERTREZ D2 BN XIS A FIRZIEET, HKRERN
RZRBESERM T XOEAE FAVENEY, RIRTR RS XX ENEAIS/I08ES, HRTIEFRERTNAKR, FREEE
im -600K iEX, Cuy,Ag,Gay.lnysTe, (0sx<0.4) FIEZFIBLLT4E CuGaTe, A BEERS . EM, KA
HE&HY CuGaTe, EEIAAFIRE T RESHIIABMEE, Z2T=1.6 (873K) .
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A-50 MARREMA SRR BESECHR

IR RS Tl TR e, 410082

PRREINEEMEL . EMFIESERI Z A, KT EYIE. FERVIERE . EETNEENTEE .
BHETEAE . NaEEERETER/VIEAZSRT, AT, By, BRSE;EE(1ZEEEER
FNESHFARMERIEER .. TS FREMASEEDEERPIBICITES, WMaIES|ININGZ EE
F-Ff. mF-Fr BiE-B. 8 - EFREEERNRERFAF— 1 EEPEIMEIOER

IEESR, BNEGHIRR TR EMRISSEHR. BEEEICSABEIRINIE: (—) ZRRHART
BT - EFEEER R EER/RETMEEERXI 4K S4B S 4EEAI520E [JMC A 7, 21976(2019); Phys.
Rev. Applied 13, 014064 (2020) ; JMCC 8, 3758 (2020) |; AW@ETiEEEESEF S8 LI
ELEMAB 234 [JMCA 7, 19037(2019)]; S5sLi&(E, &I Polyporphyrin-based 7> Fe3FE BB FHE
TREEFUNSAEILE [JA CS 138, 11140 (2016)] FILRHOMAMS EBRE4S 1 [JA CS 140, 570 (2018)]; SSLIeS1E
3 TS T Z4ERIRORAEE], BITIBIC I SN 7 i SR S EE m S [Nat. Commun. 11, 1151
(2020)], ( =) AR REZRSRGAEIETIES EH 7 —&IURE [Adv. Funct. Mater. 30, 1903829 (2020 ) ;
Acs Appl. Materials & Interfaces 12, 15517 (2020) |; &I T AP EEHIAETHIE—B FIHRE 7
[Eig R [APL 2018, 113: 121906]; EBII KABERIERESRBRA ] 15 AL T XI55 a n FEHRSY
B2EE [Sci. China-Phys. Mech. Astron. 63, 276811 (2020)]. ( =) RFHIFER T BHIINALD Fee{HneEtE
AN SINEB MEREIEZ [Adv. Funct. Mater. 30, 1903873 (2020 ) 1; EIIERBEBEE D FETSINFFAVHER
BHREILINEEEEEF T8N, et D Fealta0RmBMaeH T E HFEAEEE [JMCA 8, 11884
(2020)]»

A-51 BT S| NIIBIR B RGO A AR R e M 58
R, AR S T A ERE NS0, LT 100084

B3R (Cuy,Sb,Sy) B—MEkEEFE . NERFRIXAY AR, AFEMEIAATIRIENS
BAS, AN —TIEEE B H0rABME ., BaI, Wiy ERBRIHRFEZEEFTEINAER
AR EE, BFEREBEMHESNE NN ERBMEE, TEHEEHRY M5 NEREE%
VIR F | FFENEiTh. RRENREER ST RIESEER, ERMVMHRSENEZEFR., &4
I, HIIMENMEESHEEHBEBEFRENLEELE (1.0 vol% ) M ESRILEMRMRHKE
Cuy; sNigsSb,Si; (CNAS) 1, FEIN%IEH T CNAS-Bil, SR4E1 . SoiasE RERE RN FIM > BN S
REEFIXIMRIER FIREFMZBE N R IO FHER . 7 723 KAJ, CNAS-0.7%Bil; #7RIIBSET
b2 9.6%, (BESRIEASREME 0.20 Wm'K' ( R4 63% ) , XpJLUFRTFIARIEIBIK REARZIE T
BISTER ., ]R8, 7£ 723 K AT CNAS-0.7%Bil, #7%} PF 5 13.3 uW/cm K?, B ZT BS54 1.11, =BRE
EMREE EIESHIEY MRV .

A-52 SERMIEENRGEER Soret R SHYRE AL
PR, WIEAE, ThROL
KRR S B R T S% , SEH TR RRE 5 TR, 510641
BRNEIESENEEERS. MAMERSAERBAHIESEN. A, BRSO
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L EOIEY)  EHSRPEREMERRASREI

B, ARIEF, BAEERT M@ CREREEEI R, BIKESENEER, ToasE FEER
WINT, #I&E T D FEEHRAER, FREEEABEIEPINA . STNHABEMRHELL, BYREMR
AItBEERRIE, FERMTERIEM Seebeck EE, TERERFIE N, Soret BN AILURSF=4HEEFRE
%, BREBFNEBBNGELIRENINBEREINE, Hlt, MULlEFBANREFTREF BT
IRERBMRIFEENRIFEE, B(0ET —METFSERNEEIERITENENREEF—BF n il
BESIR, “HEKET BF Seebeck ERHUA -3021 uV/K, MESKRLBFEHRFNE, 7£60% RH Falik
0.18 S/cm, EEINERREFEIX 165 uW/mK?, =BT ZT {HiX 0.23, FLMigEmEINER, 2EHIREN
BRI n BAENABRRSE. HIIBISEEFBFINEAEEEFRIERE, MRt ASEsE
BB RHR M 7HERES

A-53 BEHEEENEN | TNE SR EEREBER
wk, B, Wk, s, sk, BRI
rhE B ERE ISR ER IR B, 201899

TSR EINE A NEEL W ABEELIB FRENBEHE, TUIFEFNGES
IRERNNRIS . B/ SNEGREMRI SSRGS B s NI RTF SHteE,
IEFERIZAFAIATINR . P — AR E D S BIKEERAT B/ TN EEHRBEM R0 .
B2, EEREEIFHIIRMNKEDR T BIKEENTRERME, SHEAGVHIENRREELUIRS
MANABHEAEESENRREY, ESEPRES RKEENR, SHESMHBEELHEEET
=, A, WIEELEEY] / TR TA S RIFBEIZE R B | T E S HREMRHARAY
KERIFEE, ASHRH T —MEE LA AN E S RRRITIERES, RIRIAEE ST+ S04
¥l Ta,SiTe,, SHERENNRER LG (PVDF) 25, HIEEBHI ARSI 4EE PVDF/Ta,SiTe, B/
NEMRBEESER, =8 NENRRHAZT -247uVK', IIREFH 576 uWm'K?, EHRBIZ4E 35.5 K
BETFA—HWRAIIRZER 0.13 Wm', 2ERICIRENZERBREPIRSE. XMSEEHEIRITER
%ﬁiﬁ?ﬂJ%mgémﬁﬁﬁmﬁ%%MT%W%ﬁo

300 b

Power Factor @ p-type
(PWm'K?) 4 n-type
500 this work

This work v
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e
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n
=)
e
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=]
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a) PVDF/Ta,SiTe, &4 Hili 5 O il —4E A 1L / TCHLE A AL M REXT HE
b) PVDF/Ta,SiTe, EJFAITAHL #4415 CARIE 19 R PE L SR A T — A R 3R X L

A-54 Ag/Ag,Se EAFMMEBEIZRIBIFZ REMERE
BiHL, SEvEIg
FIF AR, 11T A6 X 2S00 B2 A 4800 S RITE A, 201804

Lk, AJFHBEFREMNERGEZIMEMSHIIXE, FAEUHBEIFANEK, KMEBIKH

46




| 26 P E———

BT X P EREBMHEENAZ RSN

2020 £ 10 B 11-14 B ;I% - iEPMH

SHFEEFHARHBMME, HEESHTHEMIZENFTEULER, BEXESEFEGFIERR
SHEMmAERARTEEE, BT ENSEFESHNFENETEREE, XRETEREEFT RS
EFEENE RSP RBEREASENEHE I E EENEERS.

BIFMBARSMENRE, XRARBABIHITABEANTHRBFEIVSEHEN— 1 rIsea0R
FE, WEABEBIFTEEEMREE —ENRME . AXLUEREAS AR IRGK I E IR AR MRS
HFTHNAE, RREREEAZMERER, UETHENSNEIESEEEBRMIENL . BYLSE. AEES
AN ESERATAB RN I HTEME, FIEERRRKER / Bt EaEEER FHIZEN R
EE290 -69 uVK', INREFLH 18606 uW m” K, HEREERFEREREN, AR T HEEEN
FRESRE 3958 S cm™', LABHRERS 4mm BOERHR, ITERHITEML . ZH 100085, BERER
NEE o BEHI93%, 500 XEHEERIFRE o B/ 85% . FIFIZIEME T BISHIZMHEEME, RAS
FEMCRIRNERTEEIE, HIEEAY 8 NMAREARAIR SR, MR, BT EENBEESERS, #1588
HHIRIBRIR/N, HISRISSAHTE 27K FUIRE FAYMILEINERAN 7.14 u W, NREEIXRE 8.79 W m?, KIGEK
NHIE T Z2ERE5T, ARE, NS FREIRERME 7R,

A-55 KRN T R B ER 2844
BRHLT, TRk, W
T ERERE S BT, AR R E R L, BEARITE, 110016

MEERBRANBNARE, MNATHUFEEFRE. WENERSMHE. MRFAEES, MR
BRI S ERNER NN RENEZA RS [E . SEFGRANBRAALL, HMEERGEEE
NORY . ESRVEHBEMINEREE . BEROFIIEEMAEEMNERNIEISTIRER . A, (EHRARE
BTEERIEMEE, WLLSRBYRIIE. AES ‘LM~ ARSI TIS AR SCURAE RIS AT/
REW®. BHINIHSEEERS . ITFERRELREN SR RARR BRI IESSIR =514 N aetE3R1SHY
BAEpkT, BEEIFESHNENINER, WWBCHISREERMINETE, BREMERMERER/N AT
~700 nm. B PEESITITBEFRIRMENE, £ CBORIERT, WSO BRHE=ZMmFEFSMm
Hre . BOCBMTERT B N TR P R FRIUBEER TS, BRI E ST EPRIREK
ARPESEIIRELD ., B, FRTEBELEYIIL, $RBYCSHERRSIINX A ZSIE 1um LUK,
FEEETEX. EXREEMAREREEZRESBEESREMFMEIE . AT EETBEERITHAR
TCRBCHERIN T ESEI T SR EMERRER MRS . SR RIEEARENRTHITAT, L\
MRS 1 x2 mm AUBHESABF AP, 10 EIEET, FJLUILS 0.14 ERAIRAKRBINE, KEBIR
BELATZR I FHEXK, EERTSH (EXNEE 75% ) , RAHIRIIZE0.25 K, HIRINERE 12.7
E/FREX, XHISRE 45 E, EEPRAHIQRETS E.

A-56 RIS AR BRIV IR A A
HOAESE, WRRSE, BRIRE, 4595, B 2%, D, W07
VIR e TR, SR, 1R, L, 5180605
VIR A B A R AR, BRI, 1R, L, 518060

PEEEM RN SR EME SRR UFRIRESWREAT ENARR, EXMRENXKE.
AMEBIAR BRI MERENRIR, HERfHHUEERAT TS, MENBERS A ELSSIER
B, SISFMHAIARIMENA . iREERENBRANS—EENBWE, B, ETE- - BEEKA
AIREEIETUACIIRNER AR, RFRNSINRECREBLEIIRNERRRE . ITFk, BERTWAISE
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KR, MRCRRE IR TN E LSCIUSEIN TR SEURTITR R, SRZ IS FERRAIXEE
BARZ—, FITERE. REMNAEDCIRITIRATRESRS . £TUI, FNETHIERIRA,
BB REMRRER . REEERE. REEMRIPFENRIEUCHERARRTRNRR, AR
T EEEEFNAIESREBEDCIR, BB SRHEMRmARt, TR TEEBMA. BAFR/INIHT
BB CTNEIT AT EEpk TR B REIR B RIS EMRIR, RSN 7 BRIV CIIERITHI AR A .

A-57 FFABAREHEESEIE PEDOT: PSS-Ni E#EEH1
L, TR
PR ERBUEHLFE 5L 430074
Email: 992193217@qq.com; xuling@mail.hust.edu.cn

WE. SH—HENEINEEREETWRIIRBMRE, BILAKKY RHAEERES RPN A .
fEltt, FAISRFB7E PEDOT:PSS thigZ+Z, —F2 (CH,OH),. ;B4 ZES (C,HsOH) LK (CH,0H), 182 PSS
AO=E4MEFH TRIEZE PEDOT: PSS MRIHIREN ., ° BT ANS FRIBNERME, 552 PEDOT.PSS
D FRSEEEMAFITF PEDOT 71 PSS B EENRXAENES B, FE2AIMLFLIELEBIF
St1# PEDOT:PSS 5 FHMEIB Bt . R TIERNIBEESESs FESREMIER, 23lER— T RE
C,HsOH FOF M2 & (CH,0H), X1&T5 PEDOT:PSS D FHIZIMNERE . XLn FRISHEER T 5 FHik
SE, FFE—SEE v BEEASH T KIERERFREHNEM. ¢ i, B ERREEET— 28T
(CH,0H), F &R Z 51 PSS (HetG e LR M, ' RESFIA PEDOT: PSS MEEEMEIAIINERE L]
(PF) =504 330.597 mWm™, Hrh Seebeck &5 S=47.16 uVK", EBEXfy ¢ =1478.577 Scm™ . Itk
BANDEHERY PEDOT 5 Ni 55 HIE 7 — SR R BAIRIY KBHBERIY R HRITRZ | LAKBHEEE A IRAY
TREAZEE (6 3 P-N 45 ) S RINKEHIAE] 9.8 nW, HEESSHEIMERTFAOTREAIAB LT T .

Fi#1E: PEDOTPSS, F&ME, BLEBEME

SE

[1] G.H.Kim, et al , Engineered doping of organic semiconductors for enhanced thermoelectric
efficiency, Nat. Mater., 2013, 12(8), 719.

[2] Q. Wei, et al, Morphological change and mobility enhancement in PEDOT : PSS by adding co-
solvents, Adv. Mater., 2013, 25(20), 2831-2836.

[3] J.Luo, et al, Enhancement of the thermoelectric propertiesof PEDOT : PSS thin films by post-
treatment, J. Mater. Chem.A, 2013, 1(26), 7576—7583.

[4] Z. Fan, etal, Significantly Enhanced Thermoelectric Properties of PEDOT : PSS Films through
Sequential Post-Treatments with Common Acids and Bases,Adv. Energy Mater., 2017, 7(8), 1602116.
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| B 5iREHE (B01-B57) |

B-01 AR R R R e
KRB, SAKAE, EUUH, Bk
WHT AR R 5 TR, BU 310027

BRI LR RIEAEER, ERRARMANEERE, AT, SRR TEHRNGT, iR
FHRFREEIRZNER, EESEWHIIZKERESSL, ERBINTAEE . mERAIHRS, SHE
BERABEREEENIZ2MEESEEERIBINNISR, STERBERFAEEIESHBREEMIFBHIRE
8T, B, MRFABEHEHITRNERENTH—SEEEIRFAEIEILS], WM EaReEERE, &
IREBEEMMRFESINTERE, B EASREMNAEREARFNE TS THERFmiadE,
REFEEIEEMRBARMBEERIXR, BHTHMMEREBRMT .. RFESIRRE LIRS R
R, #RFREMNNMEBEHEI. BRET XD RREBRREEIiARIKE . XEHAREHT
RNIBRREOT RS, AUREBIERERMIEICIES .

B-02 EF Zintl {BREB#E} Eu,ZnSb, RFSERERIE—IEEIBATT
TR, ZREMR, HKME, BOiE, MR
PR B S R RIS TS, B, BT ORSE, BRI 430070

Zintl {HEY) Eu,ZnSb, R2—MEBEASENFIRE p BB ME, BEEMEEATE 50%Zn =, 3
FRIRIE S ERBEATRASS BT LIRS R AR M BERO (U SRS P £ 558, (BEBRIIARBEFT Eu,ZnSb, mfRFEARY
53 . AR TR, (FRETEEZ HIBICHE— M RIERT Eu,ZnSb, FIZARE S RiEEFF R . tHEILESRER,
EuZn,;, Eu;,ZneSby, 1 Eu,Sb,, £LAE —BAFZZTE Eu,ZnSb, H7ETE . 7 Eu,ZnSb, FiE AV SERfA,
Zn ZUREFEHE, -2 BESH Zn UESTEEEREFREE: ~0.14eV, W H Zn UAIEEEH
TH—ZHREI, Zn DM RSEHM S ERIEMNEN R FENTMARIIRANSRALEHE, B, BFE
IR EAITELERERS IANM Zn ZUR SR HIEMNANEB T 5 H . IXELERIREE Zn ZUTE Eu,ZnSb, #
B M RERE . XAV SEPEMEREE Zn SUBZEWUE -2 IBES, SHIEFMEHITEER
— . XTF Eu,ZnSb, ARG —EAZAT RO s Rt T EEf .

B-03 HiFA L&Y ABTe,(A=Cu, Ag; B=Ga, In) B3z ttaEE RAIEIR
BT, URBAL, REEE
DT R, MR AR E 5 52 =, b iUt L DCE I 122 45, 430070

BEBEE 45100 ABTe, (A=Cu, Ag; B=Ga, In) t 5¥REBEBHERNSAEEIILABLAITTERAR,
BRE(INBE. A2 BAFEERNES . ARBILRESIECIHHERR T MLEYR. B
EstREZ B EEESATRIRNR ERENS] . IMRE/REFEL. RECEELIN BNz Eae TN R REE
FRPAMEFER Ag 8k Cu =7, SEFRAVETHSINFRENR, NMSHEFRESEKERERIZNX
Fop, ROLIFEHFESERREFFESENEE . XOMEDESB TRt EZRT ENREERIER
MESHZERIESR . LA, EAMEESE, MENSUIRLKLEFIETTBLERFKE AgGaTe, M AginTe,
HRPHEZIAREICFE ST EZIRT Ag-Te [RFHERIIRE], MME CuGaTe, 1 CulnTe, RN EE
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79 Te RFHIRE), RSP RIDEE S SEEXZEBGIEERFERENER . AgGaTe,
0 AginTe, 1 an BRI BMEAY B LESMERFN SR LUK Es2fIE 2 FR89dE, SE T EIEXF CuGaTe,
CulnTe, HmEBEMAIASER, KRR PIEREFT EAENLSYRIBREIZITRZUNE—S MU ERS
MERERME TIESANMEL .

B-04 SREBANKR FIRIEA R I RER L R B S SR
XM, HCHRRI, b, REN, A, RO
DU TR A FHER AR T A RE, R 430070

R ES S E=RMIME—R RSB, BEEatB i n =T 20 mBIIaET 1TIEh
AESEREtREEF TiEn A ReSRIsErE . SKEMHERIFPONMRARES, TN FTEREB
RIRE, BRERETURHIARLIRKERES - IREBHET, SHEBMHPLKE B E MR EBE L,
SCIREB RN EEIE . ASCRAIRWET5EGR T INEEAE SrTi0,. EBTAR - INFE4E35RY BaTiO, ATk
16 BiFeO, & 3 MEKFBAARKIF, FHER p MMM ENEN, REBESHMNESEFRRELAHE
i 3 FRLASREBANAKKL A ENE AR HEE SR . &KW n BESHY SrTiO;. BaTiO; 1 BiFeO; £k
S p BURCHREBEMHILRE S, H2SHEGHIERFRE . TRRMBESEEE, BEINSE
Seebeck R B ZIEAMBEAERKNBERER, ERIMESHHIRK ZT EDHIRES 16%. 20%
1%, {BEREBPRKIFRIMEAEIS ERER IR ISR

B-05 PRI EE N e RER Y R RYGR
2R, RV, WhAEE Y, (ERRE
U E AT B R T R A G, JERTTHT P XL =R 18 5, 100029
PALERHE R AR RS T AR B, U IE X 22 e % 30 5, 100083

Email: lishuo@nim.ac.cn

WE: ZENRRHSIFNABMEMENXESH, ATFNSNENEENESR, ENRR HAUNE
FERBEERK, HEWIEELURIE. ERRERFIRE L EF~EE 10 27T, 7 BEREREESE, H
AT R SRR EM LU ERE 90%, WEN=RHNER WEFRKEX, ERETLEIREYD
. StHENR, AN EBTENRINSRENE &, WRMEREY, WA ENRREREYRY
SJUMRREMERR, EWNER X (EE 7% RRIAHEREITE. HRERKE, EN=REHE
FRE. BRNBEERE &£/ nERE, RIIEIHRRRE. nEMRESY THSMNREERE. 8
IR ERE a0, RIBXMAT |« PRERIU. HUERETMEERZEMR, B 7 PR
1 ZNRENES X (EFSZE ), FRIETEERERVEREFIR RS . VEDRIVES TR RERE
2.38%~3.46%( BEETF k = 2), HFIRIRCHENRREREDR, B TERTH, DJBTHUEERE.
FrmREEEE, AERREHE TR T EREHE .

XiEin): R, EURERE, RER

SE

(1] =81, K588, Row D M. BEBEIENENA . bR : Za8 TR, 1996

(2] BRiz%R, XISME, SEdb. e Sestt . Jb= RISy, 2018

[ 3] Lowhorn N D, Wong-Ng W, Lu Z Q, et al., Development of a seebeck coefficient standard
reference materialTM , Journal of Materials Research, 2011, 26(15), 1983

[4] Lenz E, Edler F, Ziolkowski P. Traceable, Thermoelectric Measurements of Seebeck
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Coefficients in the Temperature Range from 300 K to 900 K, International Journal of Thermophysics, 2013,
34, 1975

[5] GB/T 16839.1-2018 HEE(E 55 1 239 EBapBALIIRE

[ 6] GB/T 4993-2010 $R$% - @iR ( BEf ) B (B2L

[ 7] Moore J P, Graves R S. Absolute Seebeck coefficient of platinum from 80 to 340 K and the
thermal and electrical conductivities of lead from 80 to 400 K,Journal of Applied Physics, 1973, 44(3),1174

B-06 B AR SPS TZiRFHim(teb BRI 1ERE
FEAREE Aol
BRI AT LR R AR, R, WK, JEs, 100084,

P RBR SR N FBRICRMERBR, EZ2RTHIRTUZRRA, KEBLSKEHABMERERE T

FEIRS p B (Bi,Sb),Te, (AR MAE, XM EE TGS HEEHBER Tk (MA-SPS ) 1975:%,
FEEEPIINTE Te R, FSIREMANEE (Bi,Sb),Te, 5 Te WHERIBEZ EREFARK, BT
MIEKBEBRIR T . PR R REDRR TR CERNIMIETERE . R, EANSAIEINTER
FiFER, BENRIBREISIEFAIBIEFZLUNE Sb KT BRI LR S INII R EMEE KT
EIERSR, NfE ZT EIRSZE 1.46, LLEM SPS #I&AY (Bi,Sb),Te; =t 50% . A#FZLL (Bi,Sb),Te,
B AR 7IEINEE SPS XRFHABMEERIEME, ZEERISLE T 2GR FEMMRER .

B-07 BEFHRBEREIIMIEEISIL BiSbTe &%
B, TREE, TR, BIGR, MR, T B
FURRRETL (CHIPS) | WAAMRHIGEHER SRR ME RS0 %, Mk, BRm, Wik 066004

Bi,Te; EG & RNS AN BRAIINEIRREME, BERZEIVIMIEEERNNE HEMRAIEES
HRISCRME .. XRRTLIEFZXERKEHSEER, RS FEEETRN c i, BRBIEER
IRGHDESHEAERIE., AXFASESHE. ERELRMBEE FIRERARMINGIE TS5, BiSbTe &
EHM . RIS FEEESNENM SIS AIERAIEN, AN EMIIZ L BiSbTe SAFAINIHIE
BT IARIER, ESENTHOMEHROHRBAERE, XEETSAMRMIOMNIES, KM AEEER
BN/ N ES SN, BESNEISODHEILTHKETHKIIFLR, SFHMIFLIEERLN
N 15% ., EiMBRFENZSIMEUR ASHNRFITEEST TEFRERASE, 1toh, FLERTE
EF—ERETRER, SIHER, RFBRZEEIRE TR, REFETHEAMEMES, Bi,SbsTe;
FERTE 350 K A BB R A ZT {8 1.27, FH1E 298-463 K {IIE X BN 5A B R AT ZT E 1.15, 24,
BiSbTe & & AR M EAVABMEEAINIMIMERE, RNBETABRNEETATHEA, XN NAEGIRNR
RN . BERF2FMAHHMERINZIT I LBRRHE S ABMRINAR, SN ESELUSaEM
ERIREMIIRERIRE
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B-08 Enhanced thermoelectric properties of p-type
Bi, ,sSb, ;,Te; / Sb,Te; composite

Fanfan Shi'? , Chang Tan', Hongxiang Wang"’ , Xiaojian Tan"’, Yinong Yin', Jianfeng Cai' , Chenglong Xiong"’ ,
Guo-Qiang Liu"’, Jun Jiang"’
' Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China;
* Nano Science and Technology Institute, University of Science and Technology of China, Suzhou 215123, China;
’ Ningbo College of Materials Engineering, University of Chinese Academy of Sciences, Ningbo 315201, China

Constructing nano composite to introduce coherent interface is an effective strategy to improve the
performance of thermoelectric materials. Here, a series of Bij,Sb, 5, Te,/Sb,Te,, (x = 0, 0.3, 0.5, 0.8,
and 1.0 wt%) composites were synthesized, where the hydrothermal prepared Sb,Te; nanosheets were
intimately wrapped in the solid-state-reacted Bi, ,;Sb, 5, Te; matrix. The formation of coherent interface was
observed and confirmed by the scanning electron microscopy characterization. As the Sb2Te3 content
was over 0.5 wt%, the carrier mobility could increase by 26% while the carrier concentration decreased by
9% compared to those of the pure matrix at room temperature, resulting in an improved power factor of
40.1 uWem™ K™ Moreover, the Bi, ,sSb, 5,Tes/Sb,Te,-0.5 wt% sample exhibited a reduced lattice thermal
conductivity of 0.83 W m™'K™" at 300 K, owing to the strengthen phonon scattering of interfaces. Combined
with the optimization of electronic and thermal transport by constructing coherent interface, a maximum
ZT of 1.05 was obtained in x = 0.5 wt% composite at 300 K, which was 20% higher than that of the
Big.4gSb, 5, Te; matrix.

B-09 BIENT SPS IREE n BY Biy(Te,Se), HINERIERE
dff, AR
FORM SR AN T SR TS, bORERE, Wk

MREEAEEEN . IEFK, pBZE (Bi,Sb),Te; MBI LZS|INAENNMIE . KRIREERURT ZT
8, A, nZUZ 5 BiyTe,Se); MHHIARTIRBHEEIHE. B, ARFHE FLZInHSE
Bi,(Te,Se); MFIAEBMAEHIIRESEBERE N . A TIERIT THEERG SRR, A ZIEIASER
BEARRIRLEE S, BT AT SPS IREEN . KIFEREBEIUETT T n BLZ 5 Biy(Te,Se); M¥IHY ZT (H.
R, KAY SPS JREEEIATLURE n B2 Biy(Te,Se)s M HIHIZEIEEMN, IFIEFE TS, RN RSH
MPREMIRR, B2, RNOREEDHAERURERENIER, SRERER 573 KLITH, #8
AOERBERMER FIREERREE, BEERERERN . k2, H—PRESREREFERKFRERER LB
1871 Biy(Te,Se); M HIHIINEREF, RERSAEFRRAIASE, £ 200 MPa [45E77, 748 K {RiE 30min IS
EEMT, nBZE Biy(Te,Se), #7#4HI ZT {B7F 500 KIAZIT 0.96,

B-10 AR X AR SIRSS
Feftirp

T E O N 4800 5, R TR R

PEEM IR MERET BB R EN AT EMREARRM SN Lo I NEMHIRIE . PimisltR, mE
FRE—IHEREMIAZ S ERTNERB ENTHEM LI SRR . £TUHRAZER . BEES, T
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RNERARHTIERERI N EIHIRIR . AL, HIIDHZFFRT —BESSEB NIz (ZENRRH. B
PRZ=. B/REH) MR, Mais (RS HRITRNERARTES . Zx@&ERTEIRTSIRAE
RN ERNLEEEE, BlEnLHIEINL, Bl ENRI R RS EEMERIEULSH
IR ARAIERECER . BEBEUEAH IR AREER SRR e EETET . SERINAEN
HFENS RGOS E SRR, TARKERIBE IR T ERMEBXNITARSS , BRI
RRTTEFK, REESERR,

B-11 FREEFEEEREETHIY P B tp B A RERI I
WA, EE, KRN, s, EiROS
WK, PIRRRE SR, AERAEIPORL S B E, IE 071002

R EHEENHE A= EX B RFIRSEH, E—SRSEMB A —EhIr LM
8. WERIAEBIHF p 2SR EMHRIMEREE ST n BUECHEN R . BT ERIKIEHESE,
MEZMN (MA) EEHESEBFIRE (SPS) TEZrJLIEFEIE AN, B, JZEUAFIA
MEHITIRREXI IR ETHL ERIRAE . ZARAMBIMESH (MA) B SFEFIRE (SPS) #
& p ZL(Bi,Sb),Te; E#7#t . AOE I RENEREFHIATARIMZE (TKZEZ . [ECk. REFIEBFKE)
MFRRERESIFRMNIZER, HTEREMRE. HRERER: BIKIETEERERRL, 323 K
TIEBHEREDHL, SEIROFRARE R MRIEFIRAE, ABMERIN, EZTEEE 1.25 (375K) .

B-12 B PbTe #EBMHEERATT
I, AEEER, I, R, RER
AT, 23 IR RS 193 5

REEHRMERERI L EEE B A EIEERETT . I A5 I NSEERI PRSI SEINELED
LU FAENS ERERIRIDEE, NMBEXIESH AV (] PoTe A4, EHRAISE
YEREIIELRR, EEREIISZN, BEITE ZT 9 n B PbTe Btk EHRETE . BIRKR, B
RS RBIIRIUFE G AR PbTe SISKE, BRALRTIEHITE 100 nm, S TEDREE, Xt
PbTe@C S =TE SPS IRETIETRIFIRBIIIKERIRMR T, RN, RBEKZER PoTe
SEREIIEPRKR, FERRK PoTe fB2R . IXMSEIAKFMEEIRIT SPGB ZEETP AT, K
BFEEREASE, I, HTAEDHIRK PbTe BHFUMRKIELR, ITRREBERIFAIRIT . BESR
INEZREHCK PbTe SRS INRYRERRF, SRR FRESLUNM, NMIES TINEREFFHIH T
WAL, RENER Ag RFSEREERANREMN IR, SMEFSEIEMATESY, NmESS
RAESASEARRRIEIIRICIRIRE . REIXMBIHAIKEND PoTe 19 ZT 7£ 450 1A T 1.65, Al
AITSEREBBAERIRIZATET SR, SRRt RS 7 — MBIy ENERIERER .

B-13 B8R RzifEE SnTe B #MEEAREREB ERERT
Kk

e RLR K I b L X B Wi 1037 -, 430074
SnTe 1 PbTe BAEHEE, 2 —fEENINMREITEFESMAMBE . YaiE B QREMETE
EigER) Sn =7, NMMEHHERTFRESS, SaNBMHeei~ME. BiRSEHMNBMRE, WRBESINE

MFRREGENRETEE, B EREBEER R FIRE, SLMABMEENET, XOEMREEER
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T RERTIF, BEUSTRIFRIERMER . MREEFRIE SnTe EFHAVNEB SRR D EM T —
FIRIARIIE, EiEidEtERAER SnTe MEEMEERE—FFRIZ . BIZE) SnTe EAFIRINEERT
MnO,. Zn,Sb; EE_IBNUEMFEIK, £ SnTe IRV EFpIZIIES, FI0AIE 1870 SnTe Bk
ERERRCERN . —HHE, RINIES, RNYZESCIIRDAHR, XTI SnTe FrEZa3n, AILUEE
Hegis4ag; »—70m, ESE SnTe EAFERKRES BB HRMENRIBEIRRN ), XLk
SRR NI LIBEEIE T, BEROASE, NMAIRERS T SnTe HRIGGREMRE,

B-14 HEFIITC RTINS SRR ISR
SO, RS ' RENE, SRETAL L AR, UGK ', AR
IR TR RTINS R R SR, RS 6100645
TR AEBRRL S S TR, BRI L, L 201804;
DK RT AR S IEERBISOIT, W 610065

BEE R ARSI N REIRAL IR AR RIE AR, B RHE AR N B S TURAIN RIS Z Rk 2 AT
xE. BRICBRZBEERIZEAT SnTe IRAVBENANE, ETE3HmEE2EPENHEEMR
ROVEE, BFEREHUIEN. HIREERFISRIGTIZ. BEEREIEL, BB Bi suHE SnTe EfaE
22% Se JTTEIZPL SnTe-SnSe G EBRI LUR SR HAVAEIERE. PAM, 15 Bi. Se JTuREHLEIEZHE SnTe
Bifkch, BEMNHRYEEEIERIE SR A, RANEERERRE TR ZEMEE, TS TIRIHL
SRR, SEIFLEEHRSINETBENTMEXRETE . ATIERILT Bi 224E SnTe-SnSe &%
PSSR, By NEENTHIREEE, BAERMESSTRRNER MESTEEBMRE (m*). B8,
SINEISRESESR T EMNERFRENER T, EHRNEEERSNETRR, NMSELSHIBEZ T
BE. MF L, 1@J Debye-Callaway &R 7 HRISASHIEE . A0H—PIEL TRz TIEAERS
AR HAYE

B-15 i EIEEEIEERIEFA SnTe SR EEE
Wi, B
DU TR TR RBFFE T, S 610064

SnTe HFEBE S PbTe KUUNRALEARMNTLEN, FEMAT THEMRISMEEENEBTEIRVIEEE
Ez—., A, BT SnTe BEFPIBNHRFRE. BANE - ENTREE. RESNGIEHNES, H15
SnTe RO MEEEIEIR T p- B PbTe (R, REmUSBININIES SnTe AEBMEREFRE T BMHNER . HA,
F 5%GeTe &%t SnTe AJfs CdTe/MnTe fUAMREIRSE 20% £, IMANBEE TR - EfwaeEE, M
ML T SnTe MMEBIEREAIZE . AT, TE(KAHERE SnTe-CdTe/MnTe & AN TEHEITEANS VAT
ZREE LIRSHABMENAT M, 1, — P FRERKEERE, BEESKKE CdTe/MnTe f9 SnTe
B2zt BitE, UEREIRSLENNEBME 2T, EALRIERNSE—ERETE, RINEBPT BiE
B RIIRE S WS R FIREMM EEIRS TEBEF 1488, Debye-Callaway EEUFEL T BIEHASERAIFEE

ZI7RETF Bi TEMIBIIRIES RIRER N IFRTKE . I, SSEIEER SnTe-CdTe/MnTe HEAF
FHELL, Bi BRI REREESIFE 2T, HRERIERT Bi (Eih AR ERFHEH B 4EE
HNEEEN .
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B-16 BEFR IR FREHEAERRF SnTe EHEBMHAIERE
TH, SE, WRHRE, 2
TR R S T, RS

SnTe TS5 SMEEMEEERY PbTe EAEMRIGRBIEETEN, TFREAN—IEHBABHSIRET
ADEORAKE . AT, A1 SnTe EERSHHRFIRE, BERIE, BENTEESBRA, EHit
Seebeck RELVRME, FEURHMMKRSIBLI, ENTHEIUSEREYEIE. FTLAZE L SnTe AT
BEIE . £1%T SnTe AUGR, FABEEERBERTESIAKE NS RIBIZETEESHE FESILULRF
SnTe £ AR, BFEHR T Pdin JTTERAVHIZ T SnTe EMEBIFRMEGERISIN . EHZRTR
chE LR T F TSI MR LR X S5 B R 7 BEAREXI M RIAS RSN . I, HRT
MgAgSb K EES In TTERAVHLENEZRT SnTe EMEEMRIERERIFINN . 1EHE SnTe EE—ikRHIn0IET
MgAgSb I EIHSKAT Mg Ag. Sb [RFEEISIRTE Sn U RHIARFRE , [EIRITE SnTe th S| ANIHHLCERANL,
B5 In U455 EERTE SnTe 5| NTENREH LI2RAETLEN ., RT2HMEAY MgAgSb WAKEERIHE
JURE UK ZIE), BEES INEREREFHERFREEASE ., &L, SnTe 1 ZT ESEIXIEETT .
79h, FAIE SnTe F#2 A\ BiCuSeO YkEE, HARERFIPIAM T BiCuSeO@Sn0, ZaKEN, &
M7 RENRERE, MMATLISIANSMNE2RIEREETIENR . BRI AREEIEFLREE T a0
HER. B2, BAERAIBZEET . MHERFRESIERE FEEIFF RS SnTe EREHIHIT TN,
RE(LSERABMREE 7 RIBRYIET .

B-17 SnTe ABMEEEH AR R MG
288, AN, RESCSE, R
P REL T RE:, VLA AT, 210094

SnTe NEFERIRS, Z2Xsd, HESHWSHMEBEMEEMRER PoTe #RRI9RIL, (F PbTe AITH
S5, 2—XMENAEDRRIMMRERER . FHIIRAER. MFTITUWEFOHETE, Sa2i
EEFER, X SnTe HITHABIMERERINMIRETT. ERA—FZFMNESTEFIRETLE, BIIX SnTe i#{7 Ge
M Sb tE=EZt, BAMNEZHRETEN. BSTEHIW, NMSHEN=ZLRERS,; EItEM L,
H—ERBEEDBERE, BHEBYIKE Cu,Te 5IN5IA Ge 1 Sb HHi274A9 SnTe o, 1BELSERIIRIERY Cu
[EJBERRE, HARGNAKAE Cu,Te £ SnTe FHIBEHET A FHIBHEASERAIMRENEE . FIBEHISAIHE
GRIETS AR EER, WEMAT SnTe FUBFEMAAERIER. LIt FMNEFAE—ML2IMREZH
SnTe KRG RGERIR, FERA Pb. In STERERFIRFIKEFIFAILE SnTe PRV MERE. Pb JTZRAYSI
NESERBERMNIAVR BTN, BT In TEREREZRBERMNAS INT HIREER, ESHENR
REFINEREFRS . [T Pb/in BRSINTREWRF RN, RJLERUDHSENAIER, FE T REN
K, BRETREASR, BRE, SEHEQEETNNARESIEFIOREERT, FaiBmEati T4
HIRET 67%, BRHiXMKAG TSR THIEREHIINAEE .

B-18 In-Li I EHES SnTe HiBINZERZEFNFEMLBE
PHEDL, FEfEA
W R TOL R 4 JE R 3 A T [ B Rk J G 5280, IRJREE 150001

SnTe &% 5 PbTe & EBHRBERIGRHEEFIEMAIRIBTXN TSR, F2ESTRENMIEER
¥, EEIRBHEEN PbTe IPEABHZ—, EAENSZURESERITAY Seebeck REFNER
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SHEFASE, Haifl&Er4a SnTe SEHIR K ZT EIXTF 0.8, 5 PbTe 82 EIER A, ITFEFR, FTIE
= SnTe 5 MANIRSER R R FRENEM EHE, MAT(EOIFIRMA Li S5y, #—F
T= SnTe BEMERTIRE, (FH 300 K £ 873 K FIFEIIINEREFIZS 67%, BERTEEAFREITHS
ZER LiTe, KETIH, BEEEAREHEXE, 2B FFMYNERAERIOSIMER/N, K 873 KATHY
ZT {EF 0.65 1222 0.9, & Li t=MZFEMERS In,Te, G UWHERNHLEREIRMEBIBSES, FE
£7E 300 K £ 873 K Z B FHNRRFIEATIES RS 28 uWem'K?, 1E41HEE 300 K, HimEE
873 K, B 4 mm KM TIKET 5.53 Wem? fUIHINERZE . b4h, In-Li HIBZREEHNBEREEHERT
WFAREREDN, ERANRE T, MEARESoHAERMLERE, T ZT ERE 0.57 HEHFTRE
T 9.6% HISERMRE,
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B-19 AgBiSe, 3} SnTe M HREAIZS EIHEIERE
Wk, AT, YONEE, BRRVS, XUEMR, R
R B T IR R S TR RT, 593k 315201

SnTe 2—FMFXRILLR IV-VI AR EY, BES/URE, RENRRHFS SRS THAR
PMERERVIRH . I/ LESR, MBI ISP AR FRIAE FRIERISRILK SnTe AUAEE4RE. T =hiRBE™
ERBE, fe LiEskBEEIE: (1) InBZes|IAEREER, (2) Mg, Ca, Sr, Cd, Mn 3k Hg 27
REENHIEN . XTHER, sINZSREIEEIF0 (3) @ S8RfE, U8, 9K, fUR, BRE,
HREINF RISHSHRIIRS SnTe B9 ZT BENBEER . REEIEE SnTe Y TE MEELECELEUS TEX
1, (BEERERIBEEREYERITI G SHELN S ERA TR A FRIER . TEXITIEF,
AR TUBINKIRZIIH n B AgBiSe, & L3T SnTe HIEEFHIHVEBAISZNN, FA&IN n-type AgBiSe,
FSINEERET=/URE, AERENERECEANRS TENRREY . BEZRIECIHTEH LI,
AgBiSe, M FE T IBEERNEH K H—ZIEN T SEEEIRE .. WIMNETFT SERIEFIGKEAT HADIE
SR AT HEIEY, AgBiSe, BB T EIENEER, Hit, XLUZHEMINEIERTE 860 K AIF=£ERY
&K ZT 59 1.02, {§ SnTe-AgBiSe, i B %HEHIFIRXINEIE,

B-20 AR RREG ESERR
B, R, T, T, R, e
YR

LA SnSe JotaRAIZERE — HREBIH CHRIkiE BB SHINBIERE . IEERRDEMIINRE? X
LT HRPRIROIEREIA R LI, BEE KT RIMIRNIRSBIE S IIE? AL LRSS
RSN N0, IR TEFRIVN. RSN SN (RN — 4R MERERIEENR, i
—LRISLRa AR T ISR

B-21 Cu,Se/BiCuSeO E5MEHLEIRE I SHBIHEEAD R
PG, AR, JRBEEL
WP T R, MBRE S ARERE SRS, HdbE RN ATl X I 122 5, 430070

Cu,Se ABMHMAREBBENSHBIERE, —BLLERER LSEXTINEEMBIEMAR, BT
ZMERIREHAEHRE, BB F (Cu') MEENBRFM M ZER, EEZRERISRESN
THARE. EXARS, RABESESRAMEVEGHAR RESSSEIEBISHREEMARY CuSe/
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BiCuSeO E&171%! ., BiCuSeO HEAKIEEIZS 7 Cu,Se MEIVFaEM:, BRI ERLE ZT 7£
973 K 1A% 2.7, WIS RMZEEWNFIIEICIHE, H—E#85 T Cu,Se/BiCuSeO EEKERET “BF-H
F-E7 BEERXEFME, EET BiCuSeO E45125 Cu,Se IR AR HEBERI NS . —5TH,
Cu’ &Y Cu,Se-BiCuSeO EiFERHERMEE B FREBIF T, TIRENENERBIERT, Cu BER
[RERNEIR, NMATZERAXEANEELS, B8 Cu” IKIETE, IRAHEREMRINE FBEER,
SERFERAEESE FM BiCuSeO [@ Cu,Se EAHETE, MNMmiIHl Cu,Se E{R+ Cu” L REAL Cu &
BEEREMTE. 3—FHHE, EE26MRNERUHEIREF, CuZU=TE Cu,Se E{AK BiCuSeO 55 _1H+
EERYTH, HMADEAMEFNERTRE, FEHERENEERRD CERGTREERTIREX
18], XFMFERAEREIFAE Cu MUY BUYTH, EERS TMHEIWZIRE MBS, XARBET
SAREMREREESHEREEDRACRETESIRS, RITAECREFSAMVRIE F TR T 000
FRIEHTEBEE,

B-22  IFENAREY Cu3RTe3(R=Y Sm,Dy,Er) BIHIESHEMEERST
THE, SRR, DU i, SR BRI
PR EIERERRER IS, mE R A A E R SR, B 2000505 2 EBREBERY:, M
BRREDRRARFEE, JL5 1000495 ° HIBRHERS, WIRERESHAYR, LI 200120 * LR, bk
LN TR, 1 200444

SRAMRNUEYEZEEEAMRNERINRENSEBHNEER, AARUFEHEFRESHHRE
EEAUEEITERFHRETHNBAEMNSBEETETIE, iHkL CuRTe; (R=Y, Sm, Dy, Er, Tm)
CusR,Tey, (R=Y, Tb-Yb) E—RIIEBBEABMN B S e ELAB MR, H—Z LA CuRTe; (R=Y,
Sm, Dy, Er) AL RHITENSEAE. SLHLERFEE, Cu;RTe; (R=Y, Sm, Dy) A=74544, i CusErTe,
NIERER , RAEENEREAR T TRBE FFENARESE. CuRTe; (R=Y, Sm, Dy, Er) ZBEBE A
IHRNREASR, IEERERNREASRN N1 Wn'K £, BERENTEERETR, Cu,YTe, f
CusErTe, EBRMNEZFAEFELLINE (981 THz) , RBMENEBEFESBICERIERD. HFEmE
INEE SRR CuErTe, 15290 0.4 eV, 5E—4RIBITEERZER; CusRTe; (R=Y, Sm, Dy) 95 —14%
[RIBIHEER TR 0.69-0.82 eV Z[8), Fi Cu;RTe; (R=Y, Sm, Dy, Er) #8514k, Cu;RTe,
(R=Y, Sm, Dy, Er) E=aXEEBETAIBZMERE, HF CuDyTe, 7 900 K IHZERFIAZI 6 mWem'K?, X
—ZEYF CuDyTe, FIABIERERRE, HFaRTE 900 K3A5EaR 1 /9 ZT 8.

B-23 Cu,SbSe, i HIIsET LIER MG TE
EHHE, WS
GRS (dbat) |, dbat i B XA 18 5, 102249

Cu,SbSe, R THWERIFETREMEEFEANFIHEZAANTEXABRNENLRESE, REFNBE
iR p BUEZBEBREIREN FIRE, (BRI RREAREF MO ABRER, TN
FmFIREEH— LN ENEB RSB ELWEN BRIXE . MRRATHRIREZERF Sn THEREBHMAN
Cu;SbSe, ZiRt FIRERIENL £, BH5EFXS Cu;SbSe, FZRETAMFIE, 5IANBEHR LR, BYE—MRIE
BT La TTERIBZSHBET RIS , [FH RSN R LEEHRIAR, MIBREH B — BRI A £
48, £1XJ Sn $£2¢ Cu,SbSe, MSFIBAAIUSR, HMFET B (Sc. Y) K IVB (Ti. Zr. Hf) f&iTE
2283 Cu,SbSe, HEBIERERISNN, BRI TIESINKERRE, HEANRRAECABEBI RN EIKRE
BRHIEE% Cu ShSe, WMk, HRZREFFHEIEN, ARAEE LRERBAER. BFE, Brzk
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HIBICEA
B-24 AR BEFEC ST SHREBERERIL
S [
AU TR

HEMEUCEMEETELS. KEFE . BRSNS, RINEARRERISI—IMNER TR,
EERZRZXRE. AMZRTEIDREFNSASE, HABMRENRE. HIFNLRE TFBERES
BIRRISSRESRIANTEE, SEHEHNEIEITRBHEREZEI, AU 7 BN, BHT
F AR BN SRR AR MRS, SEIL 7 USRI RHAEE N ER0EE, SHBESIIBRUNAIS
BEIRR, BERA TAEMEE, BHEIDEERBEREREARAM AR RIRITIERE DL, MAT UL
EREBEMRCSYREMEE, MBMGSHFFRIBERSAEIRE, H—IF s TN
HIPRIAREFHERERAR, EEIREH TIZRA M HE N e REFIINEREF, SaHHRIEKIT ARG
FIRSAREE, W T SMEE SnTe EABH . XEWRNH—LIRAGEMEN SYREILRRIEM
BERYZE TR

B-25 3} Cu,SbSe, HEHEERYIREE
A, I
R B A R RSB, R BRTSET, etk 5T AER BT S S0, 230031

Cu;SbSe, B—MEB N EHAIHEE p AFRRANWEY), (FA—MERIRRIREBEHZE T2
Kit. UBIRIREEZEPAEEIEZMG. Ge. Gafl In KE Sb RFREERFEEQMESIHERF,
BEAMHIASRK, ZTE—BEE 1 £A1AHE. dTNEEE Cu,SbSe, #7RHAFNEBMEE, FH ZT X

IEESREVvE.
AL Cu,SbSe, NHAFNISR, RABHEL-1IEX - MBEBTHETLS, $l& T Sn B2 Cu,Sb,,Sn,Se,
ROLRIREE G, 3K18 T ZT=~0.64 1Y Cu;Sbg gsSngpsSey o FEtEM E, ES AgSDby ¢Sy 2Se,, AT SHAEE

AOBERFOIER FIERBEAVIEGR, CuySbeeSngpSes/ 5 Wt%AgSb, SN, ,Se, 1FarfY ZT {EIXE] T Bl RAY
117, AESRFEE2HTZRES HE AgSb,sSny.Se, I8iaE Fa8T, IREFIRSRRTEHINKERE
SHHNTBERIGM , RARLEREHE, A AgSb,eSn, ,Se, FtAY Cu;Sby SNy osSe, B4R AT LASTHLFF]
BHRIFEE.

B-26 Ultralow Lattice Thermal Conductivity in Quasi-2D “ Liquid-like”
AgCrSe, Thermoelectric Materials
Jiaqing He (faJ{£3E )
Department of Physics, Southern University of Science and Technology, Shenzhen 518055, China

“Phonon-Liquid Electron-Crystal (PLEC)” materials are attractive thermoelectric systems due
to their emergent liquid-like behavior, which potentially leads to ultralow lattice thermal conductivity and
moderate thermoelectric performance at high temperature. In this paper, the “liquid-like” state’ s atomic
structure of the quasi-2D PLEC AgCrSe, is directly studied by in situ scanning transmission electron
microscopy and ab initio molecular dynamics. It is revealed by experiments that the diffusing Ag atoms in
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the liquid-like state prefer to occupy lattice sites as in a disordered solid, a feature very distinct from that of
real liquids, and theoretical calculations predict that the characteristic time for Ag” diffusion is too slow to
disrupt vibrations. A simple slow diffusion model is proposed to elucidate the “liquid-like” behavior, and
the ultralow lattice thermal conductivity can be explained within the framework of disorder solids.

B-27 Low-symmetry PdSe, for High Performance Thermoelectric Applications
Yunshan Zhao'”, Jing Wu >, John T. L. Thong’
VRIS s P ARSTAR, BTN s * BN R L K

As an emerging member in the 2D family, pentagonal PdSe, has interesting ambipolar charge transport
behaviour with high air stability and shows promising potential in nano-electronics and optoelectronics.
Moreover, the puckered pentagon structure in PdSe, results in an intrinsic low lattice thermal conductivity,
which makes PdSe, a superior material prospect for thermoelectric (TE) applications. However, the promising
TE properties have yet to be experimentally demonstrated. Here, we probe the TE transport in 2D PdSe, with
a low-symmetry pentagonal lattice for the first time. By thickness-engineering, we demonstrate that the TE
property of PdSe, can be effectively manipulated due to its sensitive dependence on the interlayer coupling
originating from the special lattice structure. The TE performance can be largely enhanced benefiting from the high
band convergence and quantum confinement in thinner PdSe, flakes. A power factor as high as 1.5 mWm™'K? can
be achieved for a PdSe, flake with a thickness of 5 nm. Our work provides the first TE study on a pentagonal
lattice structure as opposed to hexagonal lattices that dominate the 2D layered material family. The unique
lattice structure with special interlayer interaction in PdSe, opens up new pathways for TE applications, low
dimensional electronics and quantum devices.

B-28 High thermoelectric performance in low-cost SnS crystals
Wenke He, Li-Dong Zhao
School of Materials Science and Engineering, Beihang University, Beijing 100191, China

Thermoelectric technology allows conversion between heat and electricity. Many good thermoelectric
materials contain rare or toxic elements, so developing low-cost and high-performance thermoelectric
materials is warranted. Herein, we report a much more advantaged tin sulfide (SnS) crystal with promising
thermoelectric performance as an alternative for tin selenide (SnSe). Through utilizing the strong
anisotropic property, we successfully synthesized SnS crystals and obtained in-plane 10-15 times higher
mobility than that of polycrystals, which improves the electrical conductivity. In addition, SnS possesses
multi-valence-band transport feature, which can be activated by hole doping to produce enhanced
Seebeck coefficients and power factors. Furthermore, we find the temperature-dependent interplay of three
separate electronic bands in hole-doped (SnS) crystals. This behavior leads to synergistic optimization
between effective mass (m*) and carrier mobility (u ) and can be boosted through introducing selenium
(Se). This enhanced the power factor from ~30 to ~53 u W cm™ K? at 300 K, while lowering the thermal
conductivity after Se alloying. As a result, we obtained a maximum figure of merit ZT (ZT,.,) of ~1.6 at
873 K and an average ZT (ZT,,) of ~1.25 at 300 to 873 K in SnS,,,Se, crystals. Our strategy for band
manipulation offers a different route for optimizing thermoelectric performance. The high-performance
SnS crystals represent an important step toward low-cost, Earth-abundant, and environmentally friendly
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B-29 SnTe f¥HARB EEIS R REE
Ei8R
DU KA AR B R B R B W T A S & ST R BARBIITIT, S, 610064;
DU |2 T AT SRR RSB, A, 610064

&4t PbTe MR THEFIEFINEIEEAMAE, REILSRERBIRAEZRE. AT, ZSEEHERY
SMENEORFENBARESEM LRI . SnTe MFHER PoTe WERY, IEFRZHNZXE,
5 p 2 PbTe 4BEL, 1852 p 2 SnTe MEEMAEHI D ARIEREEZRRFIRE . BNTHEN T ZERIGEE
LIREISRSER ., KXREEIAT SnTe MHHIRIAFHE, FETEHIMCFATEL. BFEFHsE
%5, HHE TR SnTe #ARHARBMERERIBREE . EINXRAFRASE: HIBMUBMESEH . Bz
HiRpeR (BERIRERSRETISRIE SN ) « BESTIENNL . MRHRINESAES LR . ERER
BASERDH: JRDEERRE. KRE. 1E. 8% SREMEE. HEFRI. FREFNER
i, m—oE, EdEENETRRNREEFSSNAMIERE SnTe MHRIABMAE. &F, FRIRS
DEET SnTe MPRIACSKEIRAIHLE, (BNZEEHERSEE. BEEFHEMEEHHT. 554 n 2 SnTe #7
MR ZHESE) , LIS —SEZZSaMREABI IR RE ..

B-30 Ultrahigh Average ZT Realized in p-type SnSe Crystalline Thermoelectrics

through Producing Extrinsic Vacancies
Bingchao Qin, Li-Dong Zhao
School of Materials Science and Engineering, Beihang University, Beijing 100191, China

Crystalline SnSe has been revealed as an efficient thermoelectric candidate with outstanding
performance. Herein, record-high thermoelectric performance is achieved among SnSe crystals via simply
introducing small amount of SnSe,, as a kind of extrinsic defect dopant. This excellent performance mainly
arises from the largely enhanced power factor by increasing the carrier concentration high as 6.55 x 10" cm?,

which was surprisingly promoted by introducing extrinsic SnSe, even though pristine SnSe, is n-type
conductor. The optimized carrier concentration promotes Fermi level deeper and activates more valence
bands, leading to an extraordinary room-temperature power factor ~ 54 uWcm'K? through enlarging
band effective mass and Seebeck coefficient. Resultantly, based on simultaneously depressed thermal
conductivity induced from both Sn vacancies and SnSe, microdomains, maximum ZT values ~ 0.9 - 2.2
and excellent average ZT > 1.7 among the working temperature range are achieved in Na doped SnSe
crystals with 2% extrinsic SnSe,. Our investigation illustrates new approaches on improving thermoelectric
performance through introducing defect dopants, which might be well implemented in other thermoelectric
systems.
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B-31 Investigating the thermoelectric performance of n-type
SnSe: the synergistic effect of NbCl; doping and dislocation engineering

Jianfeng Cai'?, Yan Zhangz, Yinong Yin?, Xiaojian Tan™, Sichen Duan’,
Guo-Qiang Liv™, Haoyang Hu’, Yukun Xiao®, Zhenhua Ge', Jun Jiang2’3,
! Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China;
*Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China;
’ University of Chinese Academy of Sciences, Beijing 100049, China

Tin selenide (SnSe) is a promising thermoelectric material because of its advantageous electronic
structures and low thermal conductivity. In this work, n-type polycrystalline SnSe, 4; doped by a new
dopant NbCl; were prepared by the melting and hot press (HP), which rendered textured microstructure
and anisotropic thermoelectric performance. Several state-of-the-art characterizations by XRD, SEM, and
XPS were conducted to analyze the crystal phase, microstructure, and composition of samples. The TEM
observation showed large amount of dislocations and nanocrystalline grains existed in our polycrystalline
SnSe, 45, Which resulted in lower thermal conductivity and better mechanical performance compared to
previous reports. The electrical transport measurements along parallel and perpendicular directions to the
HP pressure revealed that the scattering behaviors of charge carriers were complex and posed a profound
effect on the overall thermoelectric properties. Finally, a maximum ZT value of 1.22 at 790 K was attained
in the 0.5% NbCls;-doped SnSe, 4 sample, which exceeds most of the n-type polycrystalline SnSe systems
doped by other halides.

B-32 EBFaRK - EFIFEE: BAF0 Zintl 18
W fi 1
PRI S TARRZERE, IR K2, /RIS, 150001

Slack FARE ‘FFNIE - BFRA" MG, BEEEBXEMNERSEY & Zintl B RHESZ ST
HRENSBE. XJFTEHAY Yb,;,Co,Sby, 174}, HREASEMInES TSR, RAATHISKR F=2—
MENEREEASRNAR . WEEI, (NSRET Yb s SbuS5/ERTE .. KBESH, REIEFEES
%, JLURMEESIESAE UK ETIE, MEXYE FRIBEIER, NMEERINSREREER,
Itt, ATAFEIRTE Yb,;Co,Sby, I FRBIAMREEBRIS URUTEHE Z RER) CoSi 8, CoAl YK F, B
HTRAESASEESEFTKF ., AN, REBL2EMER 7 —oRREERF, FEHEREFEE—
EREEARET . HMERA ZT B7 873 K FIAE) 1.5, 54h, ERIBARN FAISINIBX TR BAIHE
1, BBEMIES T HRBIMMEE. /F0 Zintl B EYIRI—3E, BB CaAlSi, 1869 1-2-2 B SR
IS EHREEZ T, BIINEEEHBTHN [ALS,]” EMNSHERZBNEEF Ca™ Hal. %3k
HEDESETRESNHERFIBE, BNSIBIAATUASINRAABMEE. BB Zn JTHREUT
CaMg,Bi, o 9 Mg i, TEARENDBETLATALANR INEREFRIER NIRRT RN SEASE, EifH—
RS REITEEZMHERFRE, BSMHRINRREFF ZT 8. FittEM E, FA BaMg,Bi, 521,
fE4#EF CaMg,Bi, MERISITREAIER FEETRNEEASE, #—LReTHNRERF. &£,
(Cay 75Bag 25)0.995N@0.00sMJ1.65ZN0 05Bi1 s HEHDTE 873 K AJ ZT {879 1.25, 7£ 300~873 KIREX[EAY ZT,..
1X%)7 0.85, =2 CaMg,Bi, E&EYFHESE-
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B-33 BEZAMRNEEE Zintl {HREBTE
X, XTER, K, T
INAR KA SRR R B, BFra T LKA 27 5 250100

BERRGRERINEMERIMENZAOMEMSE, 2R TR E. BERUENEEESSHE
MERFHSBEER, BETERERSFRYLIE—EIM RSN FREMRETEEHTER, RISMRAIE
Wizltee; FH, SBEENEREZENEEFRYIMEEETHNRFEEERMIEING, B2 TEFH
BgY, MMmss 7 AFEE, EMHEERENSRERSE, AR EMRPREORIANEES “BFFK
B—BTFRN T, 2R Zint BUSYIEARBEM RIS ERRE, THE-LHENLEY, BEX
FEARPTERIRIREBIEHAR , J1EA CaAl,Si, RIRE5HHY CaZn,Sb,, CaMg,Sb,, CaMg,Bi, #1Mg;Sb, % .

BE Zintl U EMEBERIENERERFFE 2R [MSb] 558 7T, Hep M I%#h d0, d58;d10
/&, BiEMg, Zn, Mn, AgEFFE; MEFUALIHSE, BRILIES G ITLESMEREF, Bz
MRFRN, HEERILEYIIN EuZn,sSb, CaZng,Ago,Sb Al CagsCeo16AgosSb 5. M—LHRAI, BB
/= [MSb] FEHETTHI Zintl U EMEEREXS ZT 151, XEEEMNSEREIESRIEMEETIEX,
BE) Zintl B VB RORTMEFNL, B LUSHIEE [MSb] 548 R ThIXIFRIER= @R, Fhift
TS U REREE, XX Zintl BB RS SR BEIFEEZ2IEIENE.

B-34 Mg &% Sb,Te, EFS{FVAE
PR B0 RERE L P BT SRl SRR okME L FEfE A
' G R RS P I E TR, PARIE Tl RS, BRJRIE 150001
HMERFES TR, WMRETRY:, Il 518055

B—REMRNRENBREREEFTR/NEREXE, FIXOETIRF AR ERERTES4AY
BURERSHEINREARAER . BEARREXBEEN SRR BEMRhER RIS o B,
FIEERMHEEHRERENREXERE, KIELEZEHFERNRE, MM SHEREESHE
INE, HUSBERABMREESHEWNESRE, £=RE 400C2EXBEERIFIMNBEMEE, MAH
FIETLZHEE, MEKEEELR, BEETI 2. BT Mg B2ARI(EEER BisSb,sTe; K= REX(E
49 Ing1Sb, o Te,, BITHRFIREMMIBR T INERE T, NH 7T A EE N ESIRASE, Motk
NEENH—LER T BEASE, RENBMESEESEIREXSHEIUEF, £ 300~520 K iREXIE
Mgy.01Bio5Sb, 4o Tes B ZT,e IAZ T 1.16, 7£ 500-680 K iEE X 8] Mgy ,ln, 1Sb; gsTes BY ZT,,. 1XF) T 0.84,
AN fE AR EBIT — S RE IS T o B, RBIRTAITTEERIND BRI 300-
680 K X[ENAZ]T 12.7% . XALUERIDEESEMHARTIHRETSE,

B-35 ZUBEFHFISIHE Eu,ZnSb, & Zintl {8AEFRIBFEIIET
Wity ', EESCE?, TEAME?, MFE ', David Singh’, kA
VRRIRIE TR (TRYID) |, MORRRE S TR, MORSERA S REGEOIE T, B 518055; * hERIE
B EBESE T, Jbst 100190; ° Department of Physics and Astronomy and Department of Chemistry, University of
Missouri, Columbia, MO 65211, USA

EFZ—HKmield, TERNTEEIRANE RREN, oJUINEREIEELDSFEN “ZFH
3 “HFERE IR, ARZEMERE - FSMTENSR . HIIAIMIXEMSEESEYT BEI—F7\5 RiK
#5445 (P63/mmc) {9 Zintl #8#EE 7%} Eu,ZnSb, 1, Eu,ZnSb, BB ZrBeSi 2451y, Zn-Sb & HEY T &=
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KFEESEF, WFITELFESEIE Zn (EE 50% W=z, HFSUHIFNERBHEREEXSE
HER .. BYIBESEFR2REMRERINES, KIETIR Zn-Sb SEMATHIAFME, (UL T M Eu,ZnSb, 45
WA, E—MERIBHERR: B ‘27 FENUHIFRESRTHPERNEREN, M=k EEiN
EEBEETERESA, HETGRERIES ZnSh, #& 2 [BAEXIIEEMEEIEN .. EAmXERHR
IEEFEERLEE), EF Zintl BUEYTEBFE R A RAAINE FERTW, BT —iaE
THIRIEASAIMTA . UMNIFRETLIBTRE, BRUNREMDERTEZE . ZTFEI T —ME
WISV FEN, FHERT Zintl (L &Y RHEUAFNE FEMEETRNERR

B-36 — LSRRI AR A R ERERI T
SEUW, BRE B, T, E, X
AEFE A A, AL TR SRR 195, 100875

BB R e EE MR A B R F Iz s kLI AR IR pE BB R iR, EFERENINEL SR
BERA B2 . BITIFRAIEIRLT, LB RIAISRHREA R —BEX NI, mzBEIES
T, BAIBET—LMsE: 1) B DFT AR [Biy [Bi,Qsl, RIFHVREH SR AMIZ L+ Bi°

( WEHEFENSH Bi [T ) 1 Bi™* ( BiSe, EFHI=/ Bi BF ) B p,, p, NEAEREEFAEL ™ i,
MNMIBIN T Z A B LHARFHNTREER, HETLURKKESH F JHhXMEERY v #ieE., BihEd
EBWYPETHRTIFAN, BisSb,,SesTe, HY ZT 1£ 425 K BEIIAZE] ~ 1.2, 3FAA BigSe, MBI R 2—FETE
=R n BUAEBRRIRL; 2) FIBRAEEEARTL 7 —F#rROPU54E o -CsCu,sSe;, 1ZHEMEBMIFRIR
451 HERFPESEIRAI CusSe, ERRTTIRAL = HTIRY BE1E, HpEik Cs' BF. SHIIZa1AH
AYFREB 1K} CsAgsTe, HBEL, a-CsCusSe; BEARII/NT 30%, SEMHIEEERNREFE dNEESS
ER, EERETBIREE (m*), X{FS «-CsCusSe; 1BELTF CsAgsTe; SLEL 7 IHEEF 200% 915, 18
2 8.17uWiem/K?, 2BEFIRENFREESEMENEYTRSE; EICHRER, 1245+ Cu Se X
L Cs" BFIEMERFESZA BBRENASER, H—EFA Sb> IUIIRIE T, @i SbisZval
YRR B RIRAS R, HEBME ZT,. 2FE 1.30; 3) HIELM T —HIEZSMEEE (Ge™, Ge™)
HIFFELEFR(LY) Cs,Ge,GasSe . EHNITERE, WEYMTEEFTRANEHE, EOBINRMA (Ge*),Se, —E{Keg
(Ge™)Se, \EMAEAIES, 323-773 KSBEN, EASHINNKER 0.57-0.48 W m K", 2EFIEMS
BEIAMEHIOREE, FHELRESIRRE. BIeomAIBETAENSEB FIRENZ BFESRE
t, (FEPRIRBEETAEMIEEEITZ BBYUEE, FEETWEMRASE , XMYHIEMREASE
ESINEAL A==

B-37 AEEEZREEZF n B! B -Ag,Se {EAEERHIEBIHH
VRS,
T2, DU AR T Rz X — PR — B 24 5+, 610064

TSR, MIERITI AIRIE R FREE TS MG R E GRS, BHEBIRE , N UHISHAIFT K, EIt,
FREARSE, BEFE, SN =EIRREMHIRS  THRET ZRIXKE. B -Ag.Se 2— i nBHSK,
=R XEEMEUSFAIRMEREMNBRENGEEASER, HZRAMNINXE. AAFRRATESMHNEE
HRETZHIANEEEFAREHE TS B-Ag.Se RIK, ILZIRAEEERNEMEND, BE: 4L,
TAsHE, PeKERAL, FHRRR, SEEMES, XFNZRERSHTEnERR FEENEINEEAS
% (0.3-0.4 Wm'K"), HATRIM, SFKN. HHENFENZEEERIBOIER, BIRATREEE,
AT LUAT R SIBIR I BN ER FIERR, EREH, 473 KRERET (TSR
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295 260 nm) HinFFEESES, KT 1598 cm® V' s, &4, It B -Ag,Se HETR7E 300 K A9 zT A Z|
T 0.7, 7£390 KA zT iXZ) T 0.9, AMXYNLL, @SB HEEFuNerz], NReeKEItZFL B -Ag,Se B9

HWARFIRERERL -1 x 10" ecm™®, FAVEAE 300 K BI3E18 1.1 195 2T. AHI5EBS B -Ag,Se 2—FhiEE
BEEENN n BEIBHRBME,

o B+ RPEABMEBRRASREIN

B-38 =ERBINDF | BRKES SHRBAHNEIS SR
B B, XSGR, B EEC
PRI SR TR T BRI bR

R R —RET B AEIER Fiss) LA SRR E R B HEHAVBERM K, MBI TR
REREHAIIMRITE, DA EARRIERRE . THHEBETEE AR Seebeck ZEFISEE, Ik
FRERELR, EBLNAEHFERRD. pAs. ITEE. 5. ASESFRS, BISTERIMLE
fE. STHRERIEL, BNAEMHMEERIRFE, NM&RE, 55k, ZNTERSRFFREMS,
EREMFRUS RIS RIFARED, EFERBES TRARHE, ERBETREMHITIEETN\D
FREVRBIARARD, BEEMSREBIRERIXEENEE . FA BB NEIERFRE L, &t
BT —EIINIEE. INHSEZFUEY), FRREFRICKEESR, K5 T —RIIEERFABMEREAIHYe I\
F gk BEEaREBR, Hb n IS ESRIYIEER / BRASKETE 430 K BYIIZEEFIXE) 289.4uWm'K?,
p BLE SR / SREKBIERIR A IHEREFIAT 279.3uWm'K?

B-39 Carrier mobility does matter to enhance thermoelectric performance
Li-Dong Zhao
Beihang University

Excellent thermoelectric materials need high electrical properties and low thermal transport
properties. It is well know that the most of thermoelectric parameters are highly interdependent on carrier
concentration, which makes it challengeable to enhance thermoelectric performance. Therefore, advance
strategies to enhance thermoelectric performance can be simplified to improve carrier mobility to lower
lattice thermal conductivity. In this talk, several recent progresses of realizing high carrier mobility will be
introduced, such as sub-nanostructuring, sharpening electronic band structures, manipulating symmetry
and asymmetry, band alignment, compensating intrinsic defects, etc.

B-40 Ge Z{UREIRF GeTe EASAUMEBIEARE
s, ZEMIRC, BHRRE, RN, VRS, WA
VIR, TR K A TR X B2-410

GeTe ERBHHBEERSAIREHEFENRENGEASER, E—XHelTRREMH . Ge =(U
=20 GeTe RS ABMRNEZEEY —. ATFEEMNRIN Ge TNSHST=NERFIRE, FiE
PBAEAIAEEERE; BT, T3S GeTe EETHIMIFRENS Ge IIFI0E ZT RUAERIN, Fi2H 71D
Fl Ge ZUAISFIRES . AMERRET, HINERER, SHFRFRERSEMKES, Ge =AEREF
GeTe ESERIEIERES EMEBIRMNAVIEERIN . HI40, 5|\ Ge Z{UMIRLHIHEZIEREAIRFREEIN
S, Ge fuselEHATHEIFFFHNHINURMENN,; Ge BRZARIHNMEIIRTEEREIRTT GeTe RS 1R
i@ X EAIREEMERE o
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B-41 B (B ERFEIERTE Ge,Sb,Te,,., LIS R
WRfiit, 3BEAL, g
BT R, MBRE S ARERESLGE, HdbE RNl X I 122 5, 430070
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GeTe (EAN—FEETHEEKR, HTSREN Ge 01, EAIZGRESIA ~10° cm®, ELLAE GeTe
HERAIAEBRE RS . TEASR TIER, KB, FK . IBXES SPS TZmINHIE (GeTe), . (Sb,Tes).(x
=0 - 0.1) 1 GeySb,Te,, (x = 0 - 0.15) WEM . RGHAFR T Sb,Te; EAK Te B2 Ge-Sb-Te =7tib
EYFPRYEE R B AVENE BRI E . [ERFESMINESIECITELERER, 15 Sb,Te, EAEI GeTe
FE] L EZERF (GeTe),,(Sb,Te,), W EMFRIHE F=LAVKE, Te RARZEEM T GeSb,Te,, A
PHREBEF=AORE . ZRFREUNLRBFERPSORENZU I UEZEREFRTNERFRE,
GeySb,Te g HEMEIR FHIZIRFIREN 2.44 X 10%° cm®, 1BLLTFAIE GeTe (L& ~107 em™ BIERT
REPEREE. Cs-TEM WNLERES GeySb,Tey, o K EMHEFESKENMBBEF=, XETURER
BT KERFEERE . XMERMOFEERE. FRIPNSHEFRTNSREE IS ERE 7, BEM
RIORIEINEER, Ge,Sb,Te,, WEMITE 775 K FIRIEHAEERF 0.4 Wm'K', %, GeoSb,Te, o WEYITE
775 KBJLARTE 2.1 B9 ZT (&,

B-42 Se 8%t Ge, Bij s Te HEEF RN HERETAST
T, X, XERE, FRENI
M TR, MR 2ERY:, oA AL X Bk r % 30 =, 211816

GeTe ERBMFUENES PbTe REBEMENER R, NUERSHENSHEBEMERES R THRET 21X
B, fEA—FhET P BESK, GeTe EMEBMEITLIBE B ASHKNIBEIRSHBME (ZT) , FEH
EERIFINARIS. GeTe ERBMAIABMEHESNBNF R — 2R EEEEHNER (k) . k EN
—MEXPRIZAGAE S, TLUBIISINBERIRE. HREE. BERR. HKITENErRE TSR
LS BIRTE. . BARSIRE FHITEEI R . AARKABE - 5K - BXFHES B ES TR
ZERTTIEHIE T —F 7 GeygBigosTerSe, FEmd , Wi X 3464759, FMEBEFEME. MSHRFIHE M
BEDITES, SNEMWEIFIRBMEEHITT ZRM5R. EREH, Se BRLIBYRK GeTe EMEM
B k., BEE Se & E2AUENNZEI 0.3, GeyooBiyosTer,Se, £ ~700 K F5KEAISR(T k. 8 0.7 W-m™-K", HiB
RNiEK ZT (B9 1.4, XN T{EIER T BB AU B EEREE GeTe EREBMEAT K

B-43 PbSe #EIBYsER SR AR R
TR
RO TR, MRE GHHE R ERE SR, Wb e st b XIS 122 5, 430070

PbSe 2—FEZHIFIRHREME, EMIFRHNNTEDAEERIRE T XBEM . A, X
BTEWN S Z@REEEEMR ( AE) KBS, $1~0.35—0.40 eV, FEREEIN AE FHEE, 7£~1000 K
ATkZEIEE EROWEL, miBiT PbSe UIEEH TIERE . AT{EEIIIE PbSe M HIHEIRIEE PbTe, F)
F3 PbTe Wi 2 B SIERITS T PbSe iIX—45m, RERKT PbSe RIHINTHWSIRE . TEIHLER
b, BEI—EE/RSE Cd M FEsy, nH—S18mplm ISR, tYh, &= Cd 7t&LA CdSe,, Te, 18
T, 5 PbSeqgsTeo s ERMINTIREERIEIR, BEBEAS KB FRIENER FEEMRINSREREER,
Pbg 65Cdo.0sNag 0:S€0 85 T€0 15 L EHITE 900 K BIRY ZT {E1XZF] 1.7, 400-900 K REX[BAIFY ZT 5 1, 18
ELF SR PbygsNay,Se D3RS T ~70% F1 ~50% o
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B-44 Pb f&RiEHIE SRR PbTe RERFAINEBEMMEREIIRIY
B, TRIIRE, MBI
ZRITHE K F IR SRR 0, L) 650500

£ PbTe ARAVIBICIASRF, E Pb B NMELAK Te =07 (Vi) N THE Vi XJ PbTe IAEBATRIERLE
EMERERIN, BB FE—RIBIHEDT Vo 3T PbTe BBFEMAISINN . TTEERER, V. ERlR5]
NIREER , XA LUBINZKEERMHaER TR, HMBERAFRENIERTRE . tWoh, HiREERN
SINBHEBMIRSRATENRE.. RIBRICITEERIES, ANARIZITRA Pb BFIEIRIE Pb.,Te(x =
1.5, 2.0, 2.5703.0) HILEFITELLAINGHIS HE S PbTe MM, BITNIKEBSE. Seebeck REZE
M RIRIEBERIMRE . SLIVERKR, SHIONRFEHELAFERIYE n BISHE, EPMA ERERFIBEFR
& Pb FIRFLLAIST Te, EBIHERPESIA Voo HRERFRENHERIZFE] 107, Pb BE x = 2.5 I
FATE 300 K ATERSR AR SR 3.8x10* S m" . BYRENNES BKE T HMRAY Seebeck K&, x=1.5
AIHFARTE 570 K QMIRISRA(E -386uVIK, 5 Ga 154¥HI5EM) PbTe i@, &2, x = 1.5 PUERTE 420 K
VSR ATNRREF 2.07 x 10°Wm'K?,

B-45 PbTe E{4 &1 ERIEIT AT BRI
WM, MLELEL, SRRGE, TERGHL, WEM, GEEPE, Skon
H R e T R RS T B R B T S0 2, 2O A T B L% 350 2, 230031

KEBFIIELEMIRY XTe (X=Mg, Ca, Sr, Ba) U EWHAB Na 5200 PbTe (AR, AJLIEEMIRS
HiAeB e, AL, FREEIOMR ( SEAEEEF] Na B2 0FEARIEEREE ) XIEMRIRABLREES
EXBERER. 83 PbTe, PoXTe BEiAIK, LUK XTe S MRRREBEKEERAIRITF, HATART PbTe/
PbXTe/XTe [ESRERZR P AEERFEF] Na 2243 EARIEERPEROTZ RS . Bl 1AINTE PbXTe EA{RFRE— MEEE
B Na%s, EFZALBEBA 21T PoTe/PbXTe/XTe ESREIAR FRUE NGRS . IXFhIHBFEZI Na BERZERE
ERE, XS5LIMERVIERIRIF. 7 PbTe #1 XTe (AR F, {RaEHRIANIFE FEEEF AR ERENISZMRN . A
i, 7£ PbXTe EIAMAF, {RELEfATEEMKE BTN, 18117 ZKEERMNENSEE, Nnies 7 #AEH.
524h, B2 Na IEINE R FRELUREBESER, PbXTe BEIAAFIREENEFEETDOSBERENEER,
FHitb, EAAY PbXTe REXIIE PoTe Et RO IERGRRE ] ZINAIER . BRI TIENYEAZ T PbTe/
PbXTe/XTe EFREIARFPEIEHIIENIIE, MERITEMSHIERERVINEBMRIEEE TEAT

B-46 MBI EIRIERES PbTe AL
SR, derh
R, LT K 2R 4800 5, 201804

fEEREREI SIS SRITEAINE, SHBEE. TN BRISEFEM NIt RRIIER L —,
PEBA R EIRESCIIRE S REN BRI IR B T IR ERY 12Kt . SHIREBHEEERFRIF - FF
38 (PGEC) RS, HTMAEBMRENEFSERIGES, BLURTIFE, REASEEAHE—FR
ViEENSE, MEARAEMEEEEEFA. REASKREFFEEXFRE, ETHAFEEXRATS
BHFHNEFREMBSNTNE, AEEREFHE, BREENSER. KXTIELL PbTe AARIR,
BISSINRIEETRENE, ARAIERES I NBENRENE, SHRFEREERDIEIIRE, &
FAERESE, RENSEAIETME, 7800 KIAE) ~0.4 Wm'K', BHIBICRSASTNREE; BT, #
FREORFIRE. BuRFIEE. Seebeck RE. EBIAXRFHBFMIEMEERANT . HRFHEZEBL
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LRSI P ERESASRMAFINERIZERE, ERETEHRIESLIL T PbTe MFHABIMERENIEEIRT .

B-47 i BRI RRESRES R
BIRE, BR
EL TR TS PRRL 7 5 TR

v (BiS, ) EMEMEIRAER . S5 HRUMSEIXTE, FERTRTXFHTERERS,
BEENMESR ZHNARIS. RMUCHMEAREBMRNER OMEESERE, FEeBEdE R RENL
AN ANAIEIR TR SR AR A ARABR BRI . IARE(IBTEEHE TS, EHIE
LA TTEIB I M AT ZT EM 0.09 12FHE 0.6 (673 K) o AEFTHE TR RIKIZER
FIBRATIRAN AR, BIMNSEEENSG L, Sl 7RSS “RRETFEE” RS ER,
KIBEF TR SR, MASEEEIBIUNG, KRR T HENBMRIAEBMERE, I, iE
BEESINRRATMENFIERTEY 8, SRS RONRE, BAZERFRENDNN, ERIERFTEE
AOTRE, BRI HENEBMEIABERIERE. SItER, &I LaCl, 71 PoBr, 228805 B ANBEER L
MERFRE, FHESIASRIMKED, SLHBEHMEEINERMIEEENhEMM, REREEESNZT &
0.8 (673K) , AFRHATRIBIE R FBEEEEM

B-48 Strategies to enhance thermoelectric performance in n-type lead chalcogenides
through optimizing carrier mobility
Yu Xiao , Li-Dong Zhao
Beihang University

Lead chalcogenides are promising intermediate-temperature thermoelectric materials and undergo
continuing developments with understanding the concept of “phonon-glass and electron-crystal”
(PGEC). However, the competing relationship between phonon and carrier transport properties makes
it challenging to improve the thermoelectric performance. Compared to p-type lead chalcogenides, the
approaches of enhancing thermoelectric performance in n-type ones are few due to simple electronic band
structures. Therefore, to achieve high thermoelectric performance in n-type lead chalcogenides, it is of
great importance to optimize carrier mobility. Here, we introduce several effective strategies to maintain
high carrier mobility and power factor in n-type lead chalcogenides: 1) compensating intrinsic defects to
increase carrier mobility in n-type PbTe-Cu,Te system; 2) band sharpening in n-type Sn-alloyed PbQ (Q=Te, Se,
S) to balance the relation between effective mass and carrier mobility to obtain high power factor; 3) conduction
band alignment in n-type PbS-PbTe system to maintain high carrier mobility and power factor.

B-49 Boosting thermoelectric performance of n-type PbS through synergistically
integrating In resonant level and Cu dynamic doping
Zhenghao Hou, Li-Dong Zhao
School of Materials Science and Engineering, Beihang University, Beijing 100191, China

PbS has attracted much attention as an excellent thermoelectric material with high development
space at middle temperature scope. The thermoelectric performance for n-type PbS was boosted by
the cooperative effects of resonance level and Cu dynamic doping in our research. In the first place, In
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doping improved the electrical transport performance of n-type PbS effectively on account of optimal
carrier concentration and resonant level effects, and reduced the lattice thermal conductivity by reason of
heightened phonon scattering through impurity atoms scattering simultaneously. Secondly, Cu dynamic
doping further increased average power factor to ~18.8 pWcm'K? at 423 K- 823 K of Pby g95IN 00sS+3%Cu
owing to higher Seebeck coefficients and suppressed electronic thermal transports at vast temperature
span. In result, the best thermoelectric figure of merit (ZT) of Pbggg5INg00sS9+3%Cu at 723 K reached ~1.1
and a record large average ZT (ZT,,.) of Pbggg5INg.0059+3%Cu was achieved ~ 0.8 at 423 K-823 K, which is
vital in the implementation of thermoelectric technology.

B-50 B3R R T H RIS TN e
FH, BOLA

RN B RSN OIS A, I 5 XIS 585 5, 201899

BERAIAME DAY B 2558 B EFT RS RAE R BN A F AR RN TV RAERIEZIRE . BRI LUE
R N Se RN BR/R GRS N SEHAREFNEB REZ BIRVEIESLIR, MAEBRIRERMHZ —. SBED FIENH
BREBMEAR, TR, BRAEHERSEES [FINAERR. AT, BT HAE
HR, BURESYHRBERIERGILUIGK R AT TG, MERS TR RiELE.

WEBRERRSEVNAEMHERFRENENN L, EREEMIMHGRTEBFEERRERS
ERFIREREE NEIR, SEERNBSAEENIRTT. N T elRIEFREMIIBRZERIHILIX
&, BN FEERITTHA, B T EIIRSYPERRETIEREEERIIREE, UU=THRGEAINFR,
—HESINGRERFNEZABMASRTT, UNTRENERI BB EREE, S—HEsIAE
BRER\IREMRIT, NMIRSRAERBNE, LWERER, BNREMFIERIFNESEM, FEE
SBRRE NERRRAMRISE 1~2 cm’V's”, 4, ERTAZSURBRREYINLERREY), X
BEHI R ESMHER TR BTAIANEIEENIRS TERAENRRY, RERHINEREFHIHES T 3 &
M—PEER . F(INER DIFRRTIRERETTRIRBNIR AT LI BRIREEERE 24, B— IR a1
EEARhRIT RS .

B-51 FGRKPGERIEEIE n BUSGIRS S M E MR
Wi, b, £HFF
R K ZEY BB, LR R T i X 1L KR 6 27 45, 250100

WsiEn (PbTe ) 2ESZNFIRXMBMR, ERHABRRALIKE S EES ENNERIS. B2
PbTe 5E&HIE L ZE2Y, n. p B RHMEREARILED, XRAFRERIIRS T PbTe &AL . AT
VESRFBGR KGRI E T A/\29 70 nm {9 n B Pb,,Bi,Te ( x = 0.00, 0.01, 0.02, 0.03, 0.04) K7k,
HAAETSAERETTART Pb,,BiTe MAREITIRE . 5R3KE, Bi1E PbTe FHIEIAENIRTE x = 0.02 ]
0.03 78], TERIARBEMR R, R RENE Bi SEAUSIIMIEN. BIfAHERATRE, BEIR
ST EEXAINRRETF, H PbygBij,Te BEFEMIE 623 K B EIRERIINEREAF PF = 8.5 uWem'K?, It
4h, BEE BifI5|N, PbTe EEHIASEDOMEZE, —HHE, BI5IARE, MEFNTERENSES, 1852
TETFEE: S—AH, Bi FSZYNEINIRASE, FL, PbwBijnTe B&1E 673 K M ERERIEAS
Rk, =0.68 Wn'K's R, PbygBiggTe SETE 673 K FIAERSHINEBME 2T = 0.62, SEEENE
FIFRM 2T EES . B, TEMSEIOEN MUK RGEAT LIRSS BT e R A0
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B-52 SRR
JElfH, IR, AR
PR RRE SRR TGO, T E R R TR R 0%, LAt X o KR 29 5, 100190

H 1996 FERaIMSRELER, MISHEaIMRADESZ. £88ass, BTRNFEL
SEMN, SMARTRIBIAEFIZBENEY), RMESZMEREBFED. HRBED,
EEFREE e RSzl EIFRESHE S EBFSMERAIMEE 20 1 BHFE ERSBRILN .
(2) s % ERORET BN, (3) RIERHTNA. (4) “CER" M. ‘TN BGRESERE
SREEEE—LERES LA URMRIERE. T/, SPESABSIKS I NRBRRS, TS
FERINL, IRSMRIAERIMRIE . EITREMRERRE, EToRETHRSIRTIRET BN, R
MREARPS I NKEIREMFIREIREG, IHREAVES, MARBMRE. NETSHSEMAIEL,
EEREN ASy . BRIBIEE O, ANEEIS AHn FIFE, ITEFUNT IV-VI RSB e 2Bl A B RS EE
NEBRBERRITEEHIES, MR MREEEIRISME

B-53 High Thermoelectric Performance in the New Cubic
Semiconductor AgSnSbSe; by High Entropy Engineering
W, R, S5HAEE, TylerJ. Slade, %K, Vinayak P. Dravid, Chris Wolverton, i 5% >, Mercouri G. Kanatzidis®
VTR R RL S 5 TR R, MORUE SEHER H K E A5 % , I 430074; 7 School of Materials
Science and Engineering, Nanyang Technological University, S0 Nanyang Avenue, Singapore 639798, Singapore;
} Department of Chemistry, Northwestern University, Evanston, Illinois 60208, USA

We investigate the structural and physical properties of the AgSn,.SbSe,,., system with m=1-20
(SnSe matrix and ~4-50 % AgSbSe,) from length scales ranging from atomic, nano and macro. We find
the 50:50 composition, with m=1 (i.e. AgSnSbSe;), forms a stable cation disordered cubic rock-salt p-type
semiconductor with a complex multipeak electronic valence band structure. AgSnSbSe; has an intrinsically
low lattice thermal conductivity of ~0.47 Wm'K" at 673 K owing to the synergy of cation disorder, phonon
anharmonicity, low phonon velocity, and low-frequency optical modes. Furthermore, Te alloying on the Se
sites creates a quinary high entropy NaCl-type solid solution AgSnSbSe3-xTex with randomly disordered
cations and anions. The extra point defects and lattice dislocations lead to glass-like lattice thermal
conductivities of ~0.32 Wm™'K" at 723 K and higher hole carrier concentration. Moreover, the Te alloying
promotes greater convergence of the multiple valence band maxima in AgSnSbSe, ;Te, 5, the composition
with the highest configurational entropy. Facilitated by these favorable modifications, we achieve a high
average power factor of ~9.54 uWcm'K? (400-773 K), a peak thermoelectric figure of merit ZT of 1.14 at
723 K and a high average ZT of ~1.0 over a wide temperature range of 400-773 K in AQSnSbSe, ;Te, s.

B-54  Bi,sSb,Te; FIREFERA In,,5Co,Sb,, HEEIRIEEFIFMIZIERERINNEIIL
KT H ', XERE, ®E, HEM, RA, B’
et m AR A S R R E R E AR, TR, DL 2430025
? B TR SRR AR AR B R E T, I 430070

PEATRIROEBAAINE S ENE T RE ARSI UKL BB R . B, aI LIRS 14 A8
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RO RMAAATIR— D RIBAIPkAL . SR BiosSby sTes PAKBIZRIFNIBRANMBRIX—PUSARM T — B
97575 o ZR3LR BiosSby sTes PIKBF AN Ing 25C0,Sby, MR FHBITBA RS AR B E RS
HETZ, HE T BiosSbysTes 7 Te JUKIAIF T D EIRIGKE S HREBFTHL xBig sSby s Tes/INg ,sC0,Sbiz
s EERFRE, BIEREAIAERET LI B RUtARS, MMSCIL T EBMAEmIE EREAI R . Te 4K
FRFNEARZ BB EER SE T ERTFIRETIRSEAEN. Seebeck REANEMZEH TR EREHZH
S EANEEIE R FASFIEEIEF (r) fUEMN. REASTWBZMNEIET BiosSbysTe; 71 Te KA F
SRR A BT AR MR A EEAIE N, R, & 0.1 wt% BigsSb, sTe; MAEZRIIMAKES
EBIMRIE 650 K NIASERA ZT 79 1.22, RNTEZRBE, {5 BiosSbysTe, PKEZRIESIZ LT LASLI
INg 25C0,Sb., FEBHTRIHIEEFNREEIE M REAINELIL o

v

B-55 BHEANEETE GeMnTe, RiFSAIR EHBIEIEIS T
SRR, XU, R
o ERERE T MRHEOR 5 TR, WA T T AR XA T T BRI X R R PR K 1219 %, 315201

BBV HEEN GeMnTe, — N Em R R, HbE/NF 0.05 eV, HREKIMEZENZREHLER
Goldsmid-Sharp XR{GLITHIRICES 7 — M E%K . HTF GeMnTe, HREINEBKERB RSN, HIMHE
NEREENCZRY SR FERSHENEFRIIEX, XERZABENNFE. REBHRERLBEIITLT
BIERZHIT T EMEDHT, RUEREE FTHNERANDZHE LUEEKNE Te-p 5 Mn-d JUBRIZHLRESR
iz, EFIX—IAL, AR T —LusfiTie i@z . 2T Se B4, JUUANESRNEN RS
WIARAIEE, BARKNERFRESIRLFERISAT ., HF BRI EREFREM RN EREEE
E, JUANENRRZHIRADRHEBERNEN TR, XEXFERIBICHREN— B HIHE. BIX
BIEADZBEEE, SERIZIAERR ZT [E1E 840 KEHART 1.4, HAIRXIMTIERIERBIAESIE
EEREHERE T80,

B-56 TiFe,Ni,Sb AYEKEHIZFIR UG ERERST
DS, EB, XUEE, WIRGA ®, 20, WO 2, g5
'School of Materials Science and Engineering, Shanghai University, 99 Shangda Road, Shanghai 200444, China;
* Materials Genome Institute, Shanghai University, 99 Sshangda Road, Shanghai 200444, China

Half-Heusler W EMENTEAZ HEEBATEZERIBRBERK, XBESRIEMTIAHIER
half-Heusler (X E¥EELILA D TITRIIR . TS HE—T1E RIS RN D T I9TRIFIE TS
%, BRERIME SUHIEFmIEPSHITERSRAAMHIDR . FRILALERR, RFRAIMES
& TiFe Ni,Sb iT1EH, RESEREESHERED EHSHFm= LI Tio, M1E Sb A9 "1H. H—F
MEEIDHTERRE, TiO, MEMER AAETIRZF Ti SRARMAR 7 EREEARPHIGKEE TIO,, FEiY
TiO, AIHTHHSEE Sb 1HAYER, FHSEMRABMRENEZTM . EFTUULMR, FHNEL Tio, ME—
BRLIFIFRSRERERS e, MEAREMNRERBIETS I NESSERETEIE R, SXASH
BE (BM) S5 MEBEFE RGN A& MR, SISHER/IFAEE T, BT RERETEFR,
KAMNEBEBFIREHSIFmAITABMREERRENE, AR NHKEE, RANBEBEFIRELIZH
SRR 2T e TRERE R, MERATENHABME ERST 10%,
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B-57 MBE &1< Bi,Te, B 8EHE S iRPAEII R BBIIZETERETA T
TKE, MR, R
PR T R, MRHE G HHH AR E R E S
A DU L X W 122 %, 430070

Email: w.liu@whut.edu.cn, tangxf@whut.edu.cn

WE: MERIRIEERIERUEER Bi,Te; BIREBHIEMREMHINERRRZ . EEFIEIIET, HAk.
WRRENEREESFSH BB B FRAMS TR =S MERERIGRIMSEAN R E LU IS BB s ERE L B
BEEEN. AAREI D FRIMERA (MBE) , EARMIERE TH&E T ARIEER n 2 Bi,Te;, B5
HIR . BrEiataEE TN RER FREH 0 L SHMEREE, EERERKIEPIREENRUIR
KRR EF FELRERE Ve B EBRIRIEIZAMAERIZ N ELR iR Bi'te HUSEEE; XS EERERME Ve AIRE
NEBIRRE R BRI AR <R Bite IRERNZENES . Eit, BERERIBINLURERKEERS,
Bi,Te; 2R EENEFREREHFEUALRERMIHRFAINENABERE , AREEKEENEEREEE
BB, Bi,Te, BEEEIREHIRBBFIREN 20.3x 10" cm® ( [ERME Bie IRERME ) LRSS ERY
R FIE 1.6 mWm K?, 5327 Te & 2FUDHI Ve [ Bi'e FIFEEERIES n B Bi, Te, BIEFRREIEHAZAOXE
RIREAT n 2 BiyTe; BR T AMERERIASRVETMEMIE], SUHEBFREN Bz M
TEEES.

KHIE): BiTey EIE. DFRIME. MERTRIG. BFREH0 LS. Binzstae
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e SR EAB IR RN A SRS

-
| C oaipiREHHE (C01-C56) |

c-01 e bl v S
XIEEAS, whREh, 254
MR ReE Rl S TR, I, 518055

ETF Seebeck M AR EEIRA IR LASCHIAEE SEBEEZ BIEIZAVIER IR, I aBARIRE AAY/)N
BUE RGeS IR SR IFEE TIEAUERRE . BRI, ET SR TR R = EINE MEIkAIsE
ELUXEIZEENBHINE, EESHESEBFRET ORI, LAG0REBEATE 200 u VIKES, K
HY 1-5V R EIENIERY M EAEREE AT L XS n/p RIS EREX . AN SURIB—FTELRYE A BRI,
ZARILBERAEN, BEEFIY BUBSSNAREBIIA R R E N A RS S F R R T S
K17 mVIK BIEFREBEATIR . 5 25 1> 5 x 5 x 1.8 mm AU EREISE FEAE B TR RS A R D SRS,
ZESANBANREESLISIA 2.2 VHIEREN 5 p W SRREILEINER, AYEARIR R FIEREE M B FIREL
MErFAOINE B IHEER M 7 — RO . 1Z TELAB FOstEEATIMAEIBAEGE, R TINE RSB
ST .

C-02 5 3,4- 2" RIES | BRIKE | BEREFHEFPE I EIESHEERR
]

AR TRk, dbat, 10029

SHEERF /I BRNKEESABVHBTERNENESHRENR. SREFRFRAAEIABEMER
Wzt , BEEMPEAE—LEE, MK E (CNTs) HNSINERAERT S, MEVmIEERS . 53X
XA, ASOREMEFHERMERTIEEE S SWCNT/BC E5444}, PEDOT/SWCNT/BC
1 PEDOT@BC/SWCNT E57&EE, IRRZFL451. SWCNT & EFE S TN 4H8E4RERIFZNT

Conductive polymer/carbon nanotube composite thermoelectric materials have become the research
hotspot of organic thermoelectric materials due to the excellent thermoelectric performance and high
flexibility. However, there are still some problems, such as the introduction of carbon nanotubes (CNTs)
increase the thermal conductivity, the mechanical properties of composites are low. In response to these
problems, we select bacterial cellulose as a matrix to prepare SWCNT/BC composite materials with po-
rous structures, PEDOT/SWCNT/BC and PEDOT@BC/SWCNT composite films, and the SWCNT con-
tents, composite method, porous structure on the thermoelectric properties of the composites were investi-
gated.

C-03 ERARTH RS YR F A ER
TS 2, TRISC!, BEHFR ', Petra Potschke®, Jiirgen Pionteck’, Krause Beate’
VEBRHR:, IR KT TR B 109 %5, 410073;
? Leibniz-Institut fiir Polymerforschung Dresden e. V., Hohe Strasse 6, D-01069 Dresden, Germany

PEBH R LIS ABEEFRAEHRDFERE, LRI T A - BHIRTIREERES . XN BRETHAIE
Mzeihr, BIEEE—EREREAM MR EBE. ENRRHHIA/NERBIHFEAERT. XIT
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BEERABEILSE, EENSRHES, N1 mV/KEES,; BRENBSEEENEEINSHE
LISCHL ., SFBENLYESASETSES S THRBEME (R (34- 2EZSEY ) « B (CRZGER
#) (PEDOT: PSS) ) M5, BEXREs, MENREZHMBERE, /11 uV/K,BlWo

&, B—MEENMEMNEEBSNENRRHMEIERBNAS, EENSRERE TN
mV / K, XFSRBE@REME, BB TEER, BELUMERTUENHTRBENS ., Af, HE
AURBRRBAMRI AT R, NTIPRSI T B IARREAfH. oI F&EBEFRFIINA.

TEARITIEF, HIPE—MS 8RS BEREMER, HSINTSBENKR;, MR TR
BB IR R ER RO LIRS

HRHE: ESrREERANERDBIEETIATIF 4 wt%,
s I HREE, SRENRAYS SESEERE, BIEERNT
i EEMEER; REEHBIAREE PTFE BEH, FIRIIR,
i Liskses. EEMRAMEREE (181 FTR) .

[i AEINL %J\%?*ﬁz@_ﬂaﬁﬁu**“(ﬁulzﬁﬁT),ngEﬁo
[q SNFErENE, VR —IRERFTEEERE (T., ~40C) ,
—iIRlAZIEH L 2 K BIZZM 35CTHNiREI 45C (Ty) o 7f7_H:-Lﬂﬁ
IRPRFEAEROREBERE ( AV ) 2i8)d Keithley Model 2001 5% (=
Keithley Instruments Inc.) II&., N
AEYEREITEMELLE M AV 18ITTF AT H£LAY
KRB

HURGIILL : FEATRERGEAL (9287, Zwick
Roell, 2E ) LA @ TR ENLE,
H{BEED 200 mm/ min,

MEHER: sCNSESEE R 1: 4( Eif:
BUF ) BUERENERN RN -1.5 mV/ K
F1-2.0mV/K, TEELL R 1: 4 BSEENENTRELNN 24mV/K$u 4.0 mV/ K, EREYEMREZIL

T EARIAUSEIE T, ARPRMIAELT00 600% . HIMANZBUHIRT, REWHS FHEZEEEER®EIZS, Fite
BIEEARIARNZIEINZEIRZ] 1000% , MERAEEMN ~34 MPa X A[EEE] ~18 MPa, XX FHMEE
RIS ENARIZEEMN. SaEE (GO ) FJLUEHBEER, BEREEHREFRN 1%G60 &
W: GO HURIISHEMIZIARNIE, ERNSREEE; GO WREMEMINIIHRETHTH.,

— U . -
2 AR R A

C-04 AN E F R i BB IR HI & LA M RERIRAE
F, PHE, AT
L A

A IR BRI ET < WEB AT RO, IS EER, EETEREAFERMERNES, B
IS AZEEREERS BiosSb, sTe; 55351 Te BEATAIELA, églﬁlj]? SERINZER 2 8 W/ 24 W RIRHE,
FHHABMEEMEAIF T SLLARB M HETEIR, EIREMREE, (00 1) BB aEF=iX 0.96,

SRR FREIMIEERS A 7.07 %10 / cm %u 100.2cm?/V-s, INFETFIAZE] 31.3 uW/cmK?,

MR FITELAEERER, R rietveld 1512, RABHIBEE THRNRESEH, DEMIFIR
FEMNHIIER. FIFE—EERIEAYITEF] COHP (Crystal Orbital Hamilton Populations) 9547, MEFRE
BT (0 0 ) FAENOHABEREGHEINEmEEENER . EF SPBEE (B ) IBie, it8
DT T BLOEKBER . BFRE, PraAE. 2R FHEREN R SRS .
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ETRRESFT0 %, BANRE T —MENENAMRE, sJLIESITEIFMEF 1T E Bi,Sb,,Te,, AIFmT,
FRURPE Sb'y,, Biw ARE . FBIRE, S5E/RNSEMNFRINERFIRE, FTLEMTEERTAIZ
EHRAFAEESZ TR, AREERRFIIBRT, (NEIIEE Sb/Bi FITTRIAIFITERIIER,
BJLIERIET HES RiRfESERIHRFRE, AURCEBRTIERFRERRT 5@,

C-05 RHESBEHNANE, NSREMIFAEIZNRSH A
MR, XBRAR ', BRI , BRRLL L R
VP ERREBE TR, ALRUTEEX P OCRE = 1 8 5, JbaT 100190
PEWAR A RA T, WA YA ok 4e i 86, WAL 065000
Email: gdli@iphy.ac.cn

mEKERM (TEG) M+SAGI<RM (TEC) BRBMHNABIIMMERT L, HEBRITIIM
By THERLN. TEM. RRE. 2. e, FokKSHSEENAFISIERBERMESS<E
RO — . MIEN AR SRAIFRR, REBERETANNTIRETNE TR TZXK, BFHERIIASE
BEINERAIAYESS, BFHERHCEERIARRSS, BEAEXTHN. 5Gyc@ifl. ¥Bk . nJZFa
BFREENGEE TS ZNNARSR. AMREFR, PSR R MBI " FIn AN

BN BRI - REBIRETIARS ® 1, BRERANESEAENKEESIE. EREEE. lsERE
WHBE S EASSFRE

KHEE: REBpRL, MBS, R - R,

SE

[1] G. Li, et al., Nature Electronics 1, 555 (2018).

[2] &R, etal, “—Fhih - ABINEZTIERS” , PCT EPRERS PCT/CN2020/111281.
C-06 SINEZSERIUABEEEY

T, FitE, THS
IR R B BE , INARE SR T IX LK 27 5, 250100

BBREFN AR A BIRIABEIREENRIE RSN, ATFEXIRE T —HET (Bi,Sb),Te; AIHT
HSNRZERTUABELIRELR , n MRESERUMBRRAZ N IEHER n 2SR IR BIREMN .
SEGRBRIRELL, SERTVAEBERREERISHIN IR, BHEAIABERSI. TRES 35 Eh,
ZIERAIABFIRR IR D B RRIF S MEGTAEEIRIRAY 0.03 71 12.7 {5, HEABLINRANIAZ) 5.8 mW,
PRIELZSL, ZBRIR—ERT, (U4 n 2030 p BB Z R R TUABRIRAVAE I 3R &R B EIRTRR
MEEREE, H—TIESIZRRAVEHINR, FR*ZE n B0 p LR ERRIGTERB R A #0083 I93k15&
TR, KL, ET LRKMMHI n B0 p RBBERRLIN w BEETS0, its w B2ER
PEIBHITIRZ S 35 BRI SR SEIHEE( 3.1 mV ), IMEAIME(0.94 mQ )FIRSHIER(3.3A),
HEXEHINE (10.5 mW ) AIAEMESRRRAVRILINERR] 4.2 (&, LA, ATIHRENZERTR
FERRIBEC TES R RBIRIR, BEARISRORTEL. BRI ERTSI0, B/IREMEARI TSR
i, AERSSM T ESHTREINER, AHARINRABEEARITIEMR IR E T HHREE .
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C-07 MBI ARG ERER TN RIRITE X
RHE, B, HWAE, UES
RITRHIR R S TR A, W, 518055

BB RN BRI R GHERR KB RF LN TN EEER. SREEI ZNARIREREE
BENTURHRITFEARIF S loffe 7E 20 4 50 LR, IZITE ARG T AR KBRS EY)
MESHZERIXR ., AMERAISMISRME (ZHMNEERE ) FIRERSEM (FEIERERETM ) BRE TiZA
TESCPRAEBERFFRINE . 97T EERIIRINE SN PR R RFAEREINR, FEUEEDE
BRIRHITIEIE . ASOBHE—LIZIMRRRIHTIZEIE, BRIRE—ESRIMEIAERE M THOAREREEYE
MEFRNBENRIFCHEIER, FEETRBRGHEMERESTHE. RIS MR G
ZEHEEEFRER . %?12@1%[”“, DT T PRI NABIAERI D BOX RS IERERISAN , TS T SRR
NSTRFERE TSHAEERE . &5, KB 7T ECN B SRR B R R RBAIRITTIE,
SUBERTIHERRIEBRBERINEL, 1200 = B R R 7 — M NER RS REREE .

C-08 EETHEIRIAR PNP SRERREAIAE R
BREESE, MIRIAL, HAcdE,
LSRR, JLat TR AR PRI 00, LTl 30 5, 100083

REEDRIRSVRABMERENERRIZZ—, BRE 20 1L 90 FAEEMFFRIBHREM FEAE
MREANIEICIRAILLIK , (RSB MRS NIHFMRIRINERR, 78555 EEEREIMAYARER .
FEEMFHTTHERPAI_INESERIRNEMEREBERXRE, (BREIZCHRER, CIHARERIIAR
BTHIEE, A, BAURE TEETHERHA PNP (NPN 5EZE() ) S8TERFREEN, EESEY
RITHSBRREEASEREDFRA N TEARAE THERTS, XERTLFITRD PN SRR ESMNE
RS E ( DRIAERENRORE ) , JSMBTRFEEEBLER, MTFEREREERHEE,
EEWNERNNARER, ERBMEEAKES, LW 7B s aY L BRI E D BRI |
HMAKRSEBLEINERNER, ARRBEASERESSTIEBREMHIINGE, HEERETDZIE
BT, H ZTmax RIARIBYASEREMEB AT 10-100 (F,

C-09 Thermodynamics, kinetics and electronic properties of point defects in 3 -FeSi,
Yi-Yang Sun
State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute of Ceramics,
Chinese Academy of Sciences, Shanghai 201899, China

B -FeSi,, a semiconductor material made of two of the most earth-abundant elements, has important
applications in thermoelectrics, photovoltaics and optoelectronics owing to its attractive properties such as
suitable band gap and air stability over a wide temperature range. While point defects always play a vital role
for semiconductor materials, only sporadic studies have been dedicated to the defects in B -FeSi,. Here, using
first-principles calculation we systematically investigate the intrinsic point defects in B -FeSi,. Our results reveal
that the formation energies of intrinsic defects in P -FeSi, are high enough to prevent them from forming in a
significant concentration under thermal equilibrium growth condition. As a possible kinetic process generating
intrinsic defects we study the o -to-3 phase transition of FeSi,. We find that the phase transition is a slow pro-
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cess occurring on the time scale of an hour. Incomplete phase transition may lead to kinetically formed intrinsic
defects. We further calculate the activation energies of the intrinsic defects and show that experimentally ob-
served conductivity of pure B -FeSi, should be a result of unintentional doping. Possible extrinsic impurities that
may lead to n-type and p-type conductivity and their activation energies and formation energies are calculated,
which are in good agreement with available experiments. Our results provide a guidance for optimizing the dop-
ing strategy of B -FeSi, for device applications.

C-10 EFTNEEMHNSEEREE BRI E S
S, WU, B, BN, sKELL, ERE
AT R AL 2999 5 AR LF4ERRHE 548 S0 g0 % ,
HEg . 201600, Email: 1253646432@qq.com

LIEFREN A S ETATE, GRS EittIkIESRIAEIE ST 500 HIEE =LA E,
MNAARAIRGEHINERWTE 2.4-4.8 W, EXEERENASRERFIR. SHEENOFZERBE R
] S HXER D REEMNBEE, HEERATFRIRES SR FSFHFE LM, (BEEENATE
BEER, (DERRRBMEEEE. BRI,

BICRBABMRNERECBIR IR ENBMEE, £TIt, AAREAWFE T —RIR4EREBITE
HIREF . FEZARIEBIOASR S, AREIARFIERESABEESS MR n B rGO/ Bi,Te, 71 p B
SWCNTs/ Sb,Te, EEEEMEL, & n B0 p ELERAESTINEESUBAVMEBTIN, ENMNEEE(ENMRIL /
NEREEREG, THEEE (7T0K) THERISIEINE (23.6 uW ) tHEEML S ELREEHIE RN,
fBgn, ARARELAE S SRIEHARINERSEEI S R ESEHRE T SRR — AL ESF, Hep
HEBEABUER R TERFERRRIE LR EEEE, 7T AM 0 AR AR NaHATAER A RIAE!
13 mV, ERNESEBCRE TIESIE=EaAE, SLURTHREIEEE, B HRBIBAREEIEIRRIR
2749 2%. ATIEFR, EFEI AR EEE, HRARFIEE p 20 n BAEEBIIERRE T 58S
X660 #1590 uW/mK?, FHEITIFEME T Z/SEIRInTHEE . 2D-3D THGAUIT SNBSS . 42 KIBE T,
SHHEIERY 1.02 V BB R BB H T ERETE, JEARKENBHENEREERR. 2/, BEYeK
RERESIERAR, BT 13 KIBETHI 0.35 V EB/ERILAF SR 3-4 V F44 LED FIEEFREIHHAE,

FHEIE: TAERE, THEAEBMEL, SRR, ITBREBE, mil A

C-11 EsFEREENEERFRERREN
I, BRI
YIRS

ISR T Re4ERR (Spark Plasma Sintering, f&fk SPS ) SREF X REBMBEIAIIESL, &
MHBESWEHTINVRE, EREINTERTHRAFZEAE, I BERSUMHIREEE), BEEMER.
IRENEE. BES. MHRARKK. SHTEE. RERRAIS, ESEERBHEIENILERE, BT
HORERR, AMAEINATES T HFEREENNESEFRERS, S TUETREE. BETR
&, ENRFR. REFEMR. FERSZTUAETREETIEERR. REBIR. EHBRETRIKRS
Bk, BELMATINR., SYREET. SERIPFHREARINGE N M, LIS SR REmAY
FlEBK

BERAUARREAESIRARE LB EE FRERRERATTRETR, BIRERIEERIA 30000 A,
BEXIBNHREEIR . AT HTEIEMEE, EANEZERRERFEKREKE, 2T URREETNS MFRE
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Fan, EERESLBEMRII T mB IS EANRES, SXFmA BN Bt ME=E), SLIAMERN
SRERE, TFEAREYULSINERMRNGE (BRERERRS ) ELERETRT. REEBUT
1 1 RANANER . PLC. et RENEDERES. AMMURERRE, SLUET. EHRRE
Baelzdl; 2. BB, ok, Xk, BRIREMRSEMINGE; 3. 687 156 DIPNREEES TIREET=
MNKSEIEZE 6 x10° Pa, ASRIRETEILEI6 x 107 Pa; 4. EENASHEISET BN E
FIZHIRG( ETR . WAIFFXEEE ), 5. BESLILEBRESLMORXS 2 T &t m B a5 EXIARES, 6.7
FED . RIPFSSARRERETRE, NREFEROETREEREMNBMEIENREFm. SSIHZRAY
BE. RRIRESTIEELRIRE IHT.

C-12 EEIER T HE
B
HERRE S TR RS T, T XL PUBR P 11 2

ZMOSFERBAESRY I LS EIBM AR EREE, FIFARSINRINERNIREZE /NN
SFEBFIREMHE,; WaLERABHIRER, FRPARRENENES,;, EETLUEARERY, Lk
MAAAEREFE. B, EFAIMEAESIESHRASITE, BIIERTIESERETHABATR S88 4T
CEMEER TR M AT, R BANIEAYIER Cu-As-Te-Se . 25 Bi,Te, F1HE 5 SnSe S FhT A4,
XA MR A ENMEBE IR . BRISLEERAHESS L 2HEIGRIABMREE. =K. 1l
WMEREE . TREATIREERINAEMHIESESHAREEES S, MEREESIAIRR T 23k
&, FERLEEGRERN. BERBINABHISEINEE, SLMEIEEN FRFEHRZFEABLY) .

C-13 ZHEESH InSe BRI SFRIERE B St
BLRHR 2, SR, BRAAR
VMESSE A o R LR T

=81, RMEUATZERARBEMHENEMHII— T ERARES . ERNSEETNIFZRFS
FEERIMARE, RECHTFIERZEEELISESTFNAZILERK, Men FEREVWFESER
ERFURIREES I EFERENE. Elit, BFHAFRERIFBIENDAMRERI R SARILE
MREBFIIRERE. ITH, BNRKN"HEETBREF S InSe RRERFIZE TRILBEEM,
HERSEENSRRRPILIETRIRESH. 78, HEMARERR, GEAFMEINE TR TIE S
R EIA 80% o ISMEFRAMRIMMNEFALINERER, InSe RRRIFAVBUHTTEEZRERE
BB BB EAUE B . H—SHRA, InSe BEEAMI ‘R MEANFHREEEZE. IF
BIERYRSSIER ], XA ER N —HEEREREMEERE, B—HEXG Rk —HHEESE
AT sk, IIHRIMRIRERIE, RBRMRIETBENEREE . BIORET —WREREF, e
MR B SANHIREMR T S2E5FE. ERisltf5E, InSe BHARAFEFFSEK, BRTZHY
RMBRSHIE IR EFIBER, LILKREATASER, HRBMEERARINHTE,

C-14 ETFBNABAHEEE - EHZroERkaaM
FWSE, R, T, BT
SRR A, BORRLE 5 TABE, 100191

BEERTFRANRERR, 7T SN A KRR R AR DR E R 2 Tl FF0
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=Y B B+ = RPENE IR ERZREN

FARFHIRAK T . EFRo]FEFZ M2 ERES T REZES AMFBIRE ZMES IR EERF
2=, TR MAOFLRESINIRIMHTEREENRM . A, EE—MEE LRINEAZ1
MAESHNENBESZEBEATRME—MEXIOYE . AARBIERESSE 7 EBEZF SN
PDMS £k, SEERSHABEEEN PANIICNTs IBERIHITE S, SEILIEH PDMS-PANI/CNTs #7149
BE - EHTIoEREE. Heh, EOERSERIRENER 0.918 kPa”, EAMNEERSIA 130 kPa, NiKAT
(89 44 ms, fEIR 10000 XEFNPAXRMERFIOREMUMIEEM, BEERSINIEE 17.1 pVIK,
MrEBENSBEEMRENMLAESHEEIRZ, BAFNE, B -V %] B o B EHFIRENINES .
o, ERBRTELNZE AR EFENERERH T T o1 . 1ZesF e BT EMiasSNENMEER
W, FANZESEBRIE T ERE

c-15 SENTRZHNINERFIIRBS S FEHIE
BaE, RKPHEH
LA TR AL S KPR D4 555, 210012

BEE AIXTBERRIFBRAMNER, KRMRRFIIDBEREF EREREINEEEEE N . H,
REEMFIEEHRIANREERER, FHANERLUSERRGEEREEIRIEEE.

ARt T —MEESENRRIAMNNRAFIORES D FEE, WERETRETIEMAIRIT,
BIIAEEF 5 F/= (Rhodamine 101) HI{ER, RPREREGY)ER (PEDOTPSS) MZE N RERFE
47.2 uVK', MMINZEEFEIX 401.2 uWm'K?, XEERIESEENINEEFRSE, NWARKLRUAR
BAEZEN., [T, tRETREESDERAFIIE, MTARSHEEIIREMHERIFINESEN .

REBFHFRTHEANBNE, ERRBTEFHERENINRG. AXFBAREEFDFES
P FEEERET R T EEBIRAEFEBRE . REBERERRT AR Fo FERBAHRIER, mMRHE
BIRERTRFERMEEF 4 PEDOT.PSS UM% . ZEn FEEEARRMMIEREFoFT,
PrastERSIEZKEEMNaERFEREEE . ZRMAMEEFoFE, FEEREMAEBIRERIIR
P RRFIERFRIE N, REEEESHERFIreBETEES2, NMAEETIERNN ., FLt, £
RiRIRHRFBEEESHITIEE, N EESHIENREFINREF . HEERMEE, Mt
BFOFUETHRFESS FERTIISODM, BRANBIREEHRRFELERINSEMNEEX 2@
Bl TR 22F00ER, MSEEL T BEET ISR .

C-16 BERIRELHBRGREYRESHITERETRL
BRAF, BREDE, BRAS, EIE
TR 5 TR, 17, KI5, 030024

FREBERIN S B X R EIAB AR L IR SRZER, EEEERREH A HBIRES
AR EEIRIZIUFAI KBTI . EERBMRESE TR RAORE MRS TRIF TIEE80 2
SR, ERMBEAS LR E SR EER I S RS R st E AN S ap e 7 Ik .

THARUZSTUFE AL RS, LA Mg,Si #1 Mg;Sb, AAFRIISR, LIE Mg =t & AEIRE, Bid
TSR R Mg JTERAILLAISCHDH R E TR EY 8. FRRFREEAMBIE. FBRRImERRIINEN.

W5 T BRI R D USRI EEL R EMLETD, =N MEeE, RmEEmtEMeenIs/m; KEINR
NS REeR MR SR T T, AR DRI EIROIEAER . FBBIEER, LARABRIR
BEEELAISREMREH T T XItE o HT; R mini-PEM ST BN 2 88 23 RVAR AR T 7 RIEFIETUN .
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C-17 iEFHF N B! Mg,Sh, ERBEME N EEZZT
Fh, R, kM
M REE Tl RFARIRL22 5 TARRAGE , BB R 5 B EaR 5T i, %I, 518055

Mg;Sb, ERFEMRIEERSIVABME, HEIMNERIF. MK, 7300 KZE 700 K &ETERNES
EXMIN RIS .. e HIEdRET, SERERIBENFmEREREEMHIIRIRE . SCNEEEREE,
FHRIFERRUISEE . B2, BT Mg,Sb, MHIEEREAINRE . KelIRWKREANRKRSHNRELENE,
PERS T =84IR . FEXIN TR, FAIEEHIEFFIR T Mg,,Sb; sBiosTeoo / Fe BvEBREESL . Fe RYTNERZEY
AR AK S 25 Mg,Sb, EATRIOINECHIB RS, ERAENRIRIREF, HIlR™ErFREY SRR,
S BRI MIMERENIEE =R B Ni FIEEARWLE Cr &S, 304 BEAREINERAE Fe
MRIEBERIIREL. EiIP KR SRR BERE, S S YRS Mg,Sb, EAT R EIFRIUTEC M
RS TREAEEEERR (~5.36 Q) , SIEYRE (~35.74 MPa) {9k, HESESNIA TRy
BUSEIBRUNE] . 7 523 K T T 400 /NTHIRTSUMNESS, B IERMURESE ~11.64 pQ-cm’, JABITIR
E(XEZE ~31.58 Mpa. A7 IEZIELZITIAT 52145 Mg,Sb, ERABMRIINAE D, S8 TRELASB
22, £ AT H370K (T,=673K, T,=303K) A, SCISMHSHEHRERAR 9% .

Cc-18 KT AR BISHHRIRR SR
tatEt, B
BRSBTS BT

B FA—ME 2T RSAVREM Z—, BESTIIN N 2USCHasE, NmBlEEiNtE&ER.

MERERIFRIFT —UHIIER . BT, IIE Mn B3R £, BITRRREEE . RENELINRESTE
Mg BIELAIETTIE, BARIASEERKEESHBEEFRERS (SPS) pIRIE T=IR 2T 5 0.7 AN B
EEdRL, AR BT EES N 2L SR P BAmcibirrt, FIEIRR T IERTE IR A
58PS ITZ, HIEH THESREE SMpa LA L, HiEZMEBIERIFAIHISER,; RIFHREHIIEERE,
I T BASCRRVAESHRINER, PLUBIEHHIRRSE, NMAZIRRMERERIBRY . BT
PUTERAISEW T HIISIRZEN 60K A9 7 W&, Her, 50K LI EHRREBRIFNESE, NERAIBE
AR T B R N B RRYR) TS, (B2, DAGERSFZMHRNOR, L Etirs:
2. BRI ZFEH—LME, ERFNIZEE THIENRIERR, ENRESFE—EAIRE.

C-19 ZHElL GeP, EFINEAT
BORIED Y, EI, R, gt
VIR S ST TR, TR AR L O K RN K 1A110, 325035
AR R W s LSO R S T AR H R S TR R

GeP; AR ZZBMAY, ERERBELENS2UHFRIEFIRENN, BEEREN=ETH
B, SRESBBEPEE ; BERY GeP; ZEHETIRFSK (E;=0.55 eV), MN=HI GeP; EEE/IHY
Wk (E=0.43), HETRHESHERFIIER ; RINITRESHAFIRFEEEENELEEGEE
NFBME, N1 EESFIREZUN IR AR RERN . ZTIF, FNBE—MRIETSH
R T BIE GeP; FUEFizsistt, Mg T =MD EEPIFHER, B DFT- PBE A EHTFHSITE,
BRINEL, FINETBIEANAREBRIESIIKSIE . BEI"MII=MIEHE, #—FHETEF
IBEEFREER, BT GeP; 24451, DFT IEAIARREEEI TR ZA R, FNBUEHEEETR
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TRE ZA BRI, EMAR TRE ZA REEAEFR ISINIE, (1AM TRE ZA RS
KB EFR FRIVBINEF—FFEEIER, RAIEF R T RS FEEFSPEIMECFEF
WFHERE, BRERERANSMNEFEFEAR ZRN, NHEFRE, X ZA R NEFRASER
BEEZN, AAEHERLREREIUSEIDIRIER .

v

C-20 = 14EE Ag,Se EFE AR EIRAIATIHE
VR, ERE, TR, Zoulk
[RIGF R 2R Rl B T 5 1 X 2N i 4800 5 201804

ISR, BEFEEENIRRERE, WHeEFXEE TESNE K, Hb, ZUMRMBEMRHERREF)
BAMMRRII=E BRESCNEZE MBI AR THRRESrE . Bal, NTRENBMEIRRE
BEHTEBREMRESEIESANESY), ERBTHEMRGEFE—LRE, flunEseRE, =5/
PiaEERE, ¥ELAN BUSZVERBRSIESSIRAIER, Eit, REAZMMRMIINRET R . FHEEEN
HESRSTELTMEL, WMmHlEEE e IR EB MR SRR 2T .

B-Ag,Se — n BUETIRFESIR, EAEERMNIAVAB MR SHRERIFIRMA WM RIERSS .
INERAER AR T — BN LSS S REG IR S EHIB R Ag,Se/ BRESHER . HIELE
AR TR Ag,Se #iKEL, MEMEEEERR FHIHREFIAET 987uWm 'K ?, iZ T
ERIERIRNEB SR T ERERNEEE RSN . &, FTE Ag.Sel KENEHRERSE 40 T,
BT ZREN—4 Ag,Se KN, AERRENTEHE TREEZZMY: Ag,Se EiE, =RINEKRET
SiX 1882 uWm 'K?, Lttdh, FAIRAREEFISE AR TR IERS AR RSN, B E D TR
187 n B! Ag,Se/Ag/CuAgSe E&7EE, EEMNIIRETIESET 1593 uWm 'K ?, BIX—IIREFHIES
FESHTEESERNES (BRRAg) FiHl, FEASXMEFRES, A, MBRMEHLERS. &=k,
A I1E Cu BZY Ag,Se HKEEHIRTIAIN PEDOT: PSS, BRIREESHIEN LI ESWAKEN . AR
MTE, BRNEESERININZREFR 1603uWm 'K?, BAS=IBRIE, MMRESEBELUEF.

c-21 Ag,S BE=iREMMH AR RN R EEHIE
AR, BRI, UM, SR PR
VR BE LIRS DT, FIPERER R MR E EA RS, LI, 2000505
PIRBREBERCE, BORBLE SR, LS, 100049

Ag,S =R FEARUTEERIRIFERYE, EEESEINERFRERS T SRE MRS, K
HRER T —Z7! Se 3, Te BT Ag,S #1%t, &I Se #1 Te NEIBHEREFT Ag [BIIRE FHIERBERZALEE,
SH A EEBFREREN, #MEZRSVHBRFRE, EHREISIHSEIRENE. 2 Se BIAKREN 0.5
By, ERINEERFRADNIAL 5uW-cm™K*, B, EF SelTe KIREME 7 #7RH0BETIEM, (EHREML
BENEERMES DR, AERMNPAEMERSH 044, EHEIN. ==SHRREHFNMAERER,
= Se HUEBE/\T 60% 5k Te (IS E/NT 70% BT, #ARAVEBMFAIZMEIISE] T4, FEIL, = Se 5t Te AY
P73 1E 20%-60% X[EJRT, #4438 B RIFAIBIEAIREEIERE . 455Ut , AQ,SosSeos & 1E 3mm FUSHIFHET,
25 1000 X EEHE, BEFMENCRIUVFRRERN, REVHAIMEEEZN OB/, HiHE
ZMAFRHBIER . MHRISSMRELTRMEREBEMRIRIEN L, F(]HE T H 6 X n B Ag,S,sSeqs #
FBESF p B Pt-Rh SAGRNIE N BB R FBEE (. 7220 KIRZE T, RAF—HINEEEIXE) 0.08W-m”,
EEERIERIFAIAEEAERR S 1-2 MER.
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C-22 (RS Ag,Se EMEBIEIAYHIF
R, iy, R, AEMN
WL BRABHARTRFGE, 5% 710049, [

REBMRI T LUEINGEAE IR NFERE, TERERF BIIRMEZ X T, et BNAEMEATEESENR
R, SRSEMEASE, AMX=EBZEXRES:, HUSREGEE. Ag EMEMEYHETFERERR
BEARER, REHREXGREISIMEMREC—, AXHIRASASBIES RIS ERS
K Ag,Se EMEBIEL, BITSREEKELES SPS RE T 2 HEARBIERADN Ag,Se EffHL, FHEXRE/D
SEAEF B LB/ D EE R FIRE, FF ZEM-3 (M8) NISZEN T RIFB S, (F/H LFA467
HyperFlash IS8R, RENERER, BSOS A ULBEBREERTRE, NMmE/\BT
NS, MEKET ZAHIEMAKERENIMER, R/NRRERIAE] 100 KL, MEKEAImAREL
SPS RET Zal~EFENRME, AKIGENETFHEE, H—SRENESER, &EHIEN A ZEZESE
ZUREBATRIE 575 K BFRY ZT {828 0.54, HMEZR(NAH 0.29 W-m™-K”, ZI:EHﬁ_JjJBnF{EE?&EEW+mv+, gl
BRI AT HEEX S HEEEABMEHR AL RS

C-23 n- BUSRE SR R R THRIER R
BB
LK

REBM KL R — B SLIIABEFIRB e (B B IFL AV ELE Se0 ML . B/ TNABPKE S
RELER T (SREXR) 161 (RASENEM ) AoNSERSMEZX T, BSzAiEEEN
FEEB RS n- BRABMEL. Ait, BBSARLIFEZTEBERENRB _AM% (PVDF) -
EE Ni KENESHEME, HESTAEREEYERTER =424 FNEENAELSEER, BS
ZA]5IA 4701 S cm™', Seebeck EEUAZ —20.6 uV K", £5AF Ni tREAVIRICE, IHEREFE 380 KILEF|
220 pyWm 'K, @RS, FRFEHL/ B AR BN A FEET, 35 7T REAHREER(055Wm 'K ),
HMMLIS 2T {8 0.15@380 K.,

X—4ig & EEIGHI S — A AR R =X F SHB MR E AR AR RAERIES . AL, ]
H—EFIA Co KL SRS S BHIKETE PVDF E(Rhi0EaHES . SHREN@AVERAELL, SER
@AY n- 2 Co 4K4% /IPVDF EEMHIBSXREZERS, FH, HEBSEH Seebeck RHERILERE, (B
& Co B=IEN0, Seebeck RHINBEXRRBNHE, =&, EHHAEARKRET, &8 45 vol% Co HK&LNES
MRHE 320 K NaJ3AEHRANIINERRATF (523 yWm'K?) , HEFIn- B TENC FREZ—. EENL,
XERBEESMRIEEEERN, RTEIZEEG EEE ENNEIS. BIEXLE n- BIKESE
&5 p- B! PEDOT:PSS EiRHcRY, B ME 7 R EmENBEE T, HEEBEILE 50 KA, B4
SiIX 26.4 mV #1 5.2 uW AR Kl HEBEFINER,

B, BARA n- BLSBEREY) N2200 K& _ LIARBEE&ME R4S PVDF, ST RENIESIK
STERTEHR FianaI I IZA0TTE . 5 Co 49KEL /PVDF FRARERYR, Co fuKEk IN2200 EERIE 2485
RIEE SZRF Seebeck %, FHHTEEHB 31 vol% Co AIERFILS T 288 uyWm 'K IRSIIERET . RE
HEXF PVDF ERIREBE SR, BfIFT Co 492K4 /IN2200 ’EAMEEMHEP AR ZAVMNISHERE,
BZEERFNZIHNERTN, HBSFEFAFFAEE, XAJgERRT N2200 5 FHEIINIEE. £
BUHANT BB BETR IR ES ( SWCNT ) BEB IRV, %W]E/A%U%ET%,%%% SCHL Y SWCNT f n- B
By, FHRR T ARBFSTBIMIERIZZIEENSN, K5 T =B TNINERREFIAE 339 pWm'K? 9 n-
A SWCNT EfEMHL ., J9IER Co 4iKLeF] N2200 2 BIFIEENE, 1% n- B SWCNT iFiEI LA —TES

81



ST XPERABMHENAZRE

19PLY

| ESawEERSD

—

P, f8E SWCNT SEAUEMN, =TEGRBEMHAIESREIBING TNE, FHE 2wt% SWCNT 28T
TER1S T Bk 483uWm 'K IIERIEINERF .

C-24 N B! Bi,Te, BHKE SR EZHAEEREIAST
ZEEY%, JB.Bushra, Z5ih, sk, F4a R
Hh R B T SRR B B R BRI 7 , Gk 53 e bR 5 500028, 230031

Bi,Te; (W54 B BIME—RI AR =IRMTITAEHSHH . BIIRN . PRESNIEREIES, BR
p &Y BiSbTe AFEMEECFRIRENE, A ZTEHEEXE 14 -1.6, EEF ZT=1.919RE; MSZXIN
A9 n 2 BiTeSe AEBIMERERTHEZAFE AL, ERIRERITIHEEMENEAIRIEA] n B BiTeSe A ZT
BT 1.240, SENBERHESEAREE (ZT=~0.9 -1.0) I2F+IEEEIR. n Bl BiTeSe HIFABIEREMELIIR
SHNEERAEHBEF IR RS, DMERIREREESHER ATRERAE . BEIE EF,
NMESHEHINERFEE NE, RELEREASRIEENESH 2T BERSRER

FTXI1ES n 2 BiTeSe EEMEREFMBEIMME, FoliIERISETDE LRBIRAATHINDS INGK D BAERY
M0, FEREAIN] BiTeSe REBMRAISING . TELERINERSINRIGK D BB EAIRBEEE. BF
EFIEERIPRAL T, EISESRRNESAIIRISRE, B OXIERRERAIAFIFG . IMRERIEEIA]
BIEBFRAY LA BB BAAN 43 &1 3T BiTeSe HEBMRAYSNG . TRl IAIFRERER, BITXLEER
LURISFEEIRS PF, I EACRD BB FXIEFRIESY, &R ZT BRLER 1.3 4, EEESETEH.
HAIRARER 0 —EI2S n 2 BiTeSe M HRLRM 7 —ESEMMEAILRAKIEFIGEE .

C-25 [RF REBBGAFRER EZERE | BB F PR A
RENG, BICET, KA
DU TAE AR A FHER AR AR, R 430070

REMARFREBAEERIRITFU AR | R RHSIRINEEF TN EEIKIE . GRS
BHEFRHEERIIRFREBMEDD EEIGRABSEDR, NMRENBIETSHAGIESINES
BHEFRHEFTTE MR LIS Fe R A SRR, MR / AT REMHIRFREBMEE
ThEAEENA, 8%, ERIFMEFBEFEMS (STEM) B THRERSHEGREE, FRTFR
FNUERBEINE, TEXMLTEAARNRAEONREEY . BROBANSHEEEESTT. HXIX—
PraRMEERR, 1RLBILI SN EIHS MELERESIR STEM BElR, EIIEHIIENmERISFRE, &
R EEHBF BRI EEIBRL IR RevSTEM 5%, 3157 ERIETEHMRA) RevSTEM B, &
STEM FRABFEEEDTHIERETIBERSIISARE . X, EREERB A5 AR TTEERS
HRBIREFES, SENREGEENERERR. HIX—PMEER, BEBIEEFRNFRT
RERFH PRESRREFIIHER, EEBNT 15 REXINRBAZEIERE, KIBES T e
BEENEMEENERE,; FRBEZMNZRFHERRBAIISLRSEREDITTES, REHRART
TEEENMEZEEUENTHRRFHIBEZEED M d-d BFERIXIKER. XEESEFEFEME
D ACHIZ N TRIEAR [ B RERAES, ERERFEMMBEFENHRDEERE TR
HIE
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C-26 (EFHEEEZEEIL (SED ) HixAFMREIAYER (IS - B FEETaIEIY
INEAR !, wfd ', XU, Jeff Snyder’, vt
VEEREERE, RS, dbat, I, 10084; P BPRIRlRS TAREERE, PEALRAE, HREEDHN, 350, 60201

UEMAEFZENES T RE-—EERFHRORR . ETHIMIBICHOTRELS B 7B A ST
SRERVHFEINAT . ERASCINHRE B BRIN IS DR SE T A FRSIHRRE . RECHREX
RIE—ERIBHER D FRIDFRIN, R T ABMEFRIEEIEE, ERIFMRIESTESAAMER . FLt
BRETEEERERTEREEREIE DA, RKIET 8B ENEHETEARMEFHIRIERIE
B BERLIATTE, AR TESBIEIREM T EFIEREEHER, FEETEEER Y
FREMERIA/N, SR TR AREEXIMIBIE FRETAING . Bl IRILESRIEH T (A A FREIRIRAS, 9
BB EE IR SRAMES A I RERH TIRIEES .

C-27 PbS B Il A IRTe RIS RN R AR HREZ MR
B, W, RO
DU TR, PR A RHOR MR 0, WL RO X #1225, 430070

AEhERXABES, PbS HERFAIMCFREEFIRENNEZENZXE, BERSIITES
SHEREBMRERE . ATERFMART WAKTE (AL Ga. In) 27 n B PbS FIAEEIERE . £55RFHA:
Al 7£ PbS FHEZMRBREBIE (<1 mol% ) , M Ga # In AUBZRRER S (>2 mol% ) . Ga 7£ PbS LA +1
M+3 RRBENSIEIEFE, Min 3B +3 M7, XSET Pb,,Ga,S #l Pb,,InS WEMERRFIRESH
MEAZER, HEMHM _—ErBREEMR. SLIRERMIPICITEIOR, Gafl In I9=TE PbS £ 5]
NBEEFE, NMIEAERUREN Seebeck HEL. IAh, B Kane RETELERZKIF, 1BELT InFCl,
Ga BHEEMET n 2L PbS AUPEES, EISHEHEBBIRET, HnEERsNESER, HT PbSZ
7 Ga BEITEAAEIRE. SEBENRIEY, XEMEEREMERET23KERS ZTE~09,
1 In 112 Cl @D 3RS ~30%7H ~50%

C-28 BT RiEpkihE %) iR Bl S BRI M IR A FR R
Wi, TEOR, Xt
LR R AR AR BIRITEBE, JEs, 100191

EIMEBRAERM RSN ZTERFMNE, JEINEHAFRNGEREHRTTRE, EHEBEF
O SRR AR AR EBITANNARIR . A TRIESERERIAERBRG, —HEHBSINSHE
BEREBIEIEMIRL, RINAEEBNSE R IEMELHZEE . AT, ERFSHINTHHSEEEZRMEN
TZE5SMREREMRITTIRARELMEESRS , £ ZIRAMERARARS] TERAITTIREE, KR
IRAGREBAIRHEREIRZE , RAIDE] 7 s IERERYIRT . B, BN T —MES 2" BEBIEEEME
[RGB . BT TRE PR A T ZHNEBERM, RISt EEERIE,
PREVREBMHAGTIRE M SR I, FATRNIR T RIREHENS TR0 SRR ERRISINN, FHELL
RIS T RCRREEERUABENTIZE0, BI5INSHEREMH, REHNENSEENERMHE
88 KIRZE NRFBINEZEANIA 1.04 mWem?, 1Z3RAEB RGBT R R BB F R FHEBERK,
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C-29 —fe SN HE Bi, Te, BB AZHBEIBEHAEIEZSEIT
RS, W, BRkE, g
BT R, MBRE S ARERESLGE, HdbE RNl X I 122 5, 430070

BEBFRANTHARE, IFANREEAREETREEERUEZNIFR. B, UFEIR
FRIARBERIMAEMEE, FEEMEE, TRREE, FERES VR, AFHOIUFEIEFIRE
AOtREIER, HIEEH—MABAMEESINGRERITHEERRIEHMEAEB M . BIEHIE] . RELLIE.
MESU IR SR, B/ZEMERESERAFER, INWHBFNORBAR (PR ) FEAZMEER, 8
S 39 W EE, R 16 x2 mm® BT Bi,Te, BB, BUWZMEHERBEAFNASR
MERESFRMENL, ARAD, B 16x2 mm’ HEZMREEMHT 1CHIRET, FERES7TIMY, &
KEEINE 3 pW, EICTHIRE T, FFIEBE 25.9 mV, RAWEINE 26 pW, HE—LHMERBFRE
AOMLREEESK, R IBIARIER T, SR/\SHFEAIA 9 mm, NFAGRFELNSHFER, HESBT
RENAZFEHER, MIRNIFREFRSIIHEUBIRM 7 —Mc AR HEERR SR, B8k
—EHARLIZFREB A RAKIR TERMEBIRRS, NANRE N BEERM.

C-30 [ R R F B3R EB [RIE o) Rk 2544
fEA
A

E-mail: hcy@dhu.edu.cn

BRI AR F RSB NRRHAEARESTERAS R, BEIHHEEN "B K
X7 o BETRE(hE, BERERENNAILIBRERRIFSHHEMER, WMADER. ERNEE. KUKk
FEESONE, MEXEEDRWR. ERENSHEEMNA. LI CIATNEEBE T HSMAIsEEKHR
SRYPHIBFAER, ETRABRENBZMHMRGERTAEEENER. HNRNARSE, MRES
NE—RYBII XTI AR BhEITE | TR SZEZMDR, NS EikEARIEBF IR
T1F,

C-31 SrTiO, B MHEEAFEEES
e
i E RN 2R B GE Y PR BT, T SGET IR 457 5, 116023

e BT LASCINEE BERIRBERIIE B AR IR , BER LI TRERRE , 2SI HIS AR AT EE R .
BEEFRMEMIE ZT TpEAEBERIAOMEEE, ZT = S*cT/k, HF S, o. k. THHERENZEH . BS
L, RASEMEE. B ZT MH—BEERRBUEHI OB, EERT S, o, « =PSHZERMEERES,
= ZT R AR AR KR R AR, eI tR AR —MEERE RN E—MEESHET
E—MSENAREE—MFEIIE? B IXIREMEF S0 SITIO bt T T IREFIFENIZIE .
BE5 T SITiO; KB CREIRNIERE, SeABRNREZEEIRT Sx AT, F(I&I, HELTLEHEAYR
FEBAHlL ( Seebeck REUEFE/NF 200uV/K) , SITIO; MHEIEBR AR Seebeck 2L ( 51A 1000uV/K)
BEEMEMEARAINCSED (8~14 um) RUBEFIRKCRIEE I PIRIRNZIZFHEZ, SITIO; £ 10 um
AR IR E R LUAE 1 VIW, 54t ZEREIFE AV IIEREURT (S x ATY/4R, BANE
48 SITiO, 49 [EE_ 41K BigsSby s Tes R, BINHEEE BiysSb, sTe; SEE /SITIO; RREE, ARIMELL FH5AT
JE5ERY BigsSby sTe; SBAZLAK SITiO; 1R AS, EMREBELINERISE] 44 (50 1 (FRYEF, 1ZI4ERERRFK
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BT BiysSb, sTe, HISER RN SITiO, HIK Seebeck XK 2 [BIRIMNEIRIN . IXLEFFFIFRAB, FEBME ZT I
A2 HABRHERRIE—24, HEETREZERNEVRIEESHINSTEIRE, ARV LILE
HEENER.

C-32 HRESTREHR %*71 ﬂEI’J WNEVEMG BT
Tk, EA , Alex Chinghuan Lee’, 7l
PPEIE TR, Bﬁé@é ﬁ#ﬁiﬁiﬁﬂ?l:ﬁlﬂﬁﬂ% 127 %, 710072;
*The Chinese University of Hong Kong Shatin, N.T., Hong Kong SAR (P. R. China)

HKERER ( SITIO; ) ERBMEI BB TANSRNERIS, ATIREHMR, BEFEHTERENGIE,
REAAEHNFHTAREXMERERNGE, BEERVHIEABMH . EARRIIESR, xﬁﬁélﬁbﬁ%‘jﬁ
SHEEIE (GC) WM Sry.la,,TiO, EMEBME (SLTB/20T) £S5 RIB X PWMNEL M TR FINEG, HE
FIBERIGIFRF=ERZ TS A, R T SLTB/20Ti AN ASMIAEIRANIIE, ES5R%H, TSLTB/20T|
EERNRAIEFIENEIEERSHI H,0 1 CO, 5K, ASEASREBINMMIBIRFRERSIMRN, F
HRARS YR H, #1 CO ((REIE(EN 0.4-0.5% ) , H, #1 CO FILLEIERIEIS SLTB/20Ti &4 A=,
Hrh CO IR GEI 67%, MRS 33% =2 H, F95#k. Nﬂ%ﬂ’ﬁ%ﬂﬁ RIS REF ] LUEREZ
FREFIFHEEMER DTN, B ERAFINERIEFIR TR, H—SEERE e,

C-33 Pr {i3&Z¢ Sr 33F Pr2CoF906 e RERTIEEE
SR, W XIEE,  FR&NI
MR TR, At 211816; T'ﬁﬁ,jﬁ‘“j(ﬁ’— TSR Hr i ARIE/R T 4300

SR S MEESREN, BANMEASE, UKH B UTESETEESNSHENNGITRE[/E
MERENS, AEEASREXABREGRAKE N, KRBT AR - 8REEEEIkE £
% Pr,CoFeOg N Pr {i1#82¥ Sr 19 Pr,. Sr,CoFeOQ, f8&# %} (x =0.2, 0.4, 0.6, 0.8) , FEZHIHZI T Sr
BT PriuUdFEARREWUARAB RN . XEBIRT AR —RER/IMR FSBERNSG, TES
[Tt Co, Fe MENSMKRERTARRNIMEMTSBNF] . AFEAPMERN, SriZZvfr Pr i EFEDLE
E&/E7tX Co, Fe INMESRETN, EFINSHENSERASNZ, MAILXBRAAENESE; mA
BEE SrisZBEN LT, REMNESKIEFRE. @i, ST ETNENTERE, RERINKRERFEUKX
TEIEFF ( Pr,4Sr,,CoFeOq 7£ 573K X% 46 uW/im/K?, 250 (%) , BT ASEIUSART SAMEKEK
REBSXIKIBIRAEESBETAS « HIENIZEF, EIRENT BEHEBAZEERENNESE, BHR
TR EE RENFS NEIBE, X618 SrigZ Pr,CoFeO, AR LUEASIRX MBI RIHNRE L —,

C-34 Decoupling phonon and carrier scattering at carbon
nanotube/Bi,Te; interfaces for improved thermoelectric performance
BYE, AR, FREAE, RS, BN, ESET, BRETE . W4, ARULE, X
rh L RR 2 e 42 R BT ITAL T4 Dk B T R X SR 72 45, 110016

Inorganic semiconductor-carbon nanotube (CNT) hybrid is a new type of promising flexible thermo-
electric (TE) material for efficient thermal energy recovery and positive cooling. However, the influence
of CNTs, that typically have a high thermal conductivity ( k), high electrical conductivity (o) and low fig-
ure-of-merit (ZT) value, on the hybrid properties remains unclear, and this is vital for the rational design
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of high-performance CNT-containing TEs. Here, we report a flexible TE material of Bi,Te; nanocrystals
attached to a CNT network with tuned k and o . By plasma pretreating the CNT scaffold, a high density
of defects was generated at the hybrid interface, which introduced strong phonon scattering without much
sacrifice of o, due to the different attenuations of the wavelength spectra of phonons and carriers. Con-
sequently, the hybrid lattice k was significantly reduced to ~0.19 Wm™'K™", and a ZT value of ~0.25 was
obtained at room temperature, ~50% higher than that obtained using pristine CNTs. Our results provide a
general approach to the decoupling of phonon and carrier transport properties by tailoring the hybrid inter-
face, which is significant for developing high-performance flexible CNT-based TE hybrids.

C-35 KIEBFEREAFERMEN 19 BFEHlRSEPaIHE
Rl &, E R
TR, ERAIUEE 1115, 230601

ERRTEMRE, MR ZSihE RERLFSESIIEIEMERIYIEML S ERE, NmEI ZRIN A
IS, EA—FhE XA 19 BBF (Half Heusler: HH) &%, NbCoSb EFIEAEHIZE N, BISHEZZEM
KEMBEELIHKEG FIREEFEE, NMREMEINRBEREED . KEEFMEEEFHEEFEEX
EBF1i789764F (Selected area electron diffraction, SAED) FRERILN1TEY = A8 8 =7, MBI,
DB FEENE R —EAIGEKSE . BRIANLL, BEGFREMNMREEETRINERE, MKEBRF
A FLEEEBEEEECRERE, W TADIIEEERDH . ETEFHPHERR HAADF (high-angle
annular dark field) 5% . DM (Digital Micrograph) #xX{4#0 CalAtom #Xf4, LA NbygCoSb #4941, Ffilsm
7 E[110] 5 @AY HAADF Eitg , iR 7 EHIREE FAURIE . 53REE, RAMRIFREFEREN=ERE,
EREEERFIFEREFUR (BEFUENEE)) S5, MAD (BERPARNAGREE ) KohFREABEE
MEEER, HEEFUERN [1-10] FOENEFAEEE FNFEERE,, ZARBAEREFREEEER
TSN ESHEREE RSN, FAMREEEFEMRME T —MEeliThiE.

C-36 FKETIGHIM R S4 LaPtBi IS 1EEE
T, A, R, P
IR FR2E S B AR2ERE, I, 430072

NAETEEZRIBICHE—MRIBITE, HIIRFHAR T HFErEEY) LaPtBi 7£ 0 £ 34.6 GPa
K EER TRUFAIMEZANNER MRS . T ELERET, LaPtBi AURE S a] LUBIT FENNER K ERI S 0T
BEE, EEKEERT, HTFZEREEEITH, XMeeETHIMER, MRINEEEXFSBHRTN
EERESR, I, BEKEHAFNEFEFECEY) LaPtBi OB MRE B BES0, 1SHMEIIEIKERIR
= LaPtBi fUAEBE . TFEEKEER T RIGIRETTH, HENRRHBUEKX, ARDEREFAKES.
RAREASEBEFTKERIERMAMIER, BZARNDEBENRENSEASE ., HiEn 21.0 GPa
[£/87F, n % LaPtBi £ 1000 K BSHISRAL ZT iIX3) T 1.74, B3 T BRIRK B SAOEFErEINEEAEL,
ZrNiSn. FeNbSb. TiCoSb . LaPtBi Tt5#/K/E FA1SRIS AR EERBIHAINEFF S S RT sER I —
SRR T ERIN - F IR, XEEIMSAIRIMERX . TEsKE FEMEEMLEY) LaPtBi SiEB %
BERVSCHL N — SRR EMBIRF N RHR M TR0 R
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C-37 ZrCoSn E Heusler {4 S1¥18Y$IT SHNEBEEERA T
WM, AENES L UMK, B Y, R, BRI AR
U EREBE DI RERRER TS, SRR R R A E R E A SRR, I 2000505 P ERLEBER:, Bk
ﬂ%’—%ﬁ&ﬂts&&u, Jbnt 100049; ° HERFEBEYFIFIIT, AU EERSYFE I HG, JEaT 1001905
YRR, VIR SEBEARBIEBE, AL 230601

EESR, T2 Heusler E(UEMSEI T ABMUZHI ZXE . AAREM T —MIELFITE
EEAY Heusler E4&%) ZrCo, sSn., SLILERFADMNEBFE 17 §9 ZrCoSn (b & FEIELL Heusler 377518
ZEHIFSEFE, ME5INTE 50% I Co RFITEIRI LSRR ERISI S BEMWEY) ZrCo, sSn. ZEEaDHT
EETER S X B ITEISEI AR, BIIMARMU SN RAENRE FHERTSTRESM LR
DIENEARTERY Co B FHIpL . T ZrCo, ;Sn HFERIAE ERFAXT A= FHRISIEMRLIEST, HEE
ASKIEFEHEHERR Heusler B EY) . BBFEMITEIILIRERETHRCE —MEBIHEEIILK, &K
AIEN TR -43 p VIK, 181 Co {i7AY Cu EizZva]LI5E] ZrCo, 5,Cu,Sn (x = 0.10, 0.20, 0.30,
0.40, 0.50, 0.60, 0.65) , BZFRIVZIMERFIIBEIZHEERERERT . 5 CuBENTS, HFM
EBEEEXNFE, BEEERREREULNBEXEEENHSMMEE, RMEFESEEE, MENTREN
FRfAZRIE . HA ZrCoygsCuyesSN HYE N Fe RIS AIAE] 95 u VK, 7E 700 K FHIAZI&S 2T {8 0.15,

C-38 BRFRRITHAE
M%ﬁ AR, S AR
L RRFBE IR RRAR RS BT VLR PR R A R T SRR, B3 200050

EGTREM RIS D ERBE R MUK S BB R B ILE 2T fRER, BE Tz
FRSBHAVEGRLT, DEBRISRERVRIEIE . X—ARBEE R SRR D BB MRIZAINER
Bl: MHARIERS 2T 8, HARNBRS 2T BIHDRLNESHEIRE . AT RSEIEENR
RINFRZ BN SRS HARE, MAEERE—=8PEINSEH. B S[HR 15S IR ik
ERRITRES, R THEREFE" M “ASEIUE” ENSTNY WS =, BIERTERINRE T
SRHFEAY n BUAD p BUEHFER S SR TLECAIMSERFINRE FEE . RIEX—ER, BISET n 247
FIHEORFRE , K15 T SRIEAVIDREF LN S p AR ILECHIAS R R ERRS 2T EREMHHORE T,
SRHDRZ 680 K ATEEIESERAINERZE 25 BIAE] 10.5% F1 3.1 Wem?, R RISHAS T &% —BK
S ZT (EFSHRERATRERFIRMHAI RS, ARSI AN H IR THER

FEAR SHEBRAEE R AR EARIXEE, BRI RR I &1 ST
W SREMRIRE I SEEER B R R ERBMH SBIRZES INBEE, FHLHRE RSP ERIZY
BUERAIMERERIBAIAR . M “RN—T " REFRE TR RERRIT M, B TERAE
T BEERERmRRESEN, BD: DRERNEEEAY SIBEESHRERRE RN JES‘%E’\J%J}E, LASR
ERMNERE TR B2 EARERNEERERRIIHANE . 1ZREUER 7 BRI ERFR IS F R
AT AR KA EIEE RS, AERIAIERI L R AL SIE e AUzt TR eI L .
BRI R SEINFRE, RINIEE]T CoSb, EIHFe/5 i e (RO BIREEM# Nb., SLIREREE
B, SRFE Nb RSB REFE AR ~1 uQ-cm®, BREBHENSKERERIVEIBEERER(T,

LSRRI ARG HARIERIA 10.2%
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C-39 RELHBEGHERESFELE
IR, e <, R, B
P B RABHAR TR, P94, 710049,

ERERMMRTIRET, FENRERREDSERITIN. ITHEREBEIRIERE, RAEZEE A5
EFRUESRITER. BERITAA . MREUMESRMINEESHENARYSR, B5ER COMSOL
TN - BREAHI=4105. BSMERE, BESRIMALLTENARSEA D UNERE M RET
BHTHEITS, EFTEE . ATRDIHTENE, M=4HERHTEL, (NEXTRESR BEHTITE,
FNESEHITONT . I, NMET —HRSHENEREASETT EHFA MATLAB JRIEKE, %1%
BB TEENMERE, FRT/VFRERBHN. REYESHIE KNS rh it R AE
RISZNR, PIRIEGEREKARATIE). BB/ 7 —#HRIBHSEENERERH T2 HMmRit. (HEE
RER, —HMERASLIRSHNEEAEIERIRER 0.001 LR, —#HHERES=HHERAEIRE
£ 5% LA, WIETRERVERMS ., ST AMRNNERERRE HAS5E, AR AIRITHY
BEFK.

C-40 G M RAERCRERRA
WO, Y
AR Tl Sl e 5 e R 0 T G

Sb E75tE G2 RPIREE (=R -550TC ) RBRIEAIREMH Z—, AM, EREIRETHT a2
FEELNSENEBUENR S BENANEERSSINEIERTAR BN O AR RV . L, TR
EEMRESET n BN p BUSHT Gl BUEIHED FHIEEHRIREZTTE. Co-Mo/ 555l REZ*k
B REAOE EEARERREER, 1 1.41uQem’. £BWELE 550 CIRX—1BJE, JoXIa BulHIE) 50 um LU,
FPEEBRFIIPIENS . FAINVERIANUEHNIE Sb B Hh AR 718k .

C-41 FHEREBE R R PRI A
T
SR BRI BRRRE 15 TR, LT X Bell 37 %, 100191

MEEREBEFIEKE, BAREETSMEERIRRIENIZMERES, EAMRREN. WER. A -
NRZESWABERNA . AR AN FRR FREHENREER, 2 MREN
FERISAUBEIREE AR . ST ERTHNFSEABREZIEUEE, FATETSEREY. RAKERNR
MREH . BIFRELENEREASESEVHENRRYSESSE,; BUFESERFRE, £=EE)200T
REREEERNEERANERF; BILAH PN B R ESMEMRTH, SUMShEREEH. T4
REMRENE L, FATIMERNRE / ENTTERkR, BEARYES. WhE, ESEEME. —
TERVALH | SN IS MYRERFHERINEE, REM . IRMESFMNS . EXRNBHRTXLERRRE
TEARAOM IS ENERINGE, FHILIIE T ANAZEINRE, A LR AL E A RHER LB Fast
RN FRIGH T —2 .
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C-42 BEFaFEhs R IRMBMBRENESH s hART
FEATER, B, FEBE
BT R, MBRE S ARERESLGE, HdbE RNl X I 122 5, 430070

{ERN—MASRY . MRRIFAIRIBERSR, REAAEREM (TEGS) A w2k EEMAMRIKEERIAE N A 22
BREME ., EERTHNAIEM L, KNARES 7RBERBER[MN=4ERE, EE 7 EEXAIE
N, [ERY, REUEER T AN =ERMES . REEAIEAREBEFEARAERISNN, LIRS
FHEREREREAVAFLME R . BIXISLPR TEGs RUMIHINRETUE, Tl MI0IE TR BRY /At . AT
BRI T EEERESEEX ARG T TEGs RIMBETML, FFXIMMER FTHERET TR, #EiP
TRINESRERIMEZIENE . AT RBNAKIRISHIEEESE] TEGs HIRAIIER, AR FEE. #I
FRENERFHT 228U LOMNN, ERAERPRIRSFM T, HEEITHMAVTSH, &esLWTIL
ASHFORFHAIEGMI . RAFISEINESHINAREFNEEIE BT AR B FNSE PR A) SF BB R B hik
FRRFERRMHROIERE, HRIRTIESSRMPRIT, WARANRIINAEERTEN .

C-43 E R FE N A2 FHEERBE R RS
N, ERE, T2
TRAE O RRIRRSE 5 TR BE P e R R T 92005, i 201620

fEERHE A miTuEE RAEFRME, IFRIUHBR A NE TR R AIFRFER AR
NMBEAFIEENEC BRREFLEASE, TEHUENEM, BEARNEF T RIRHKARIR. FHEFN
LYEALENRRT, BEFK. BE. 2. B8, fFFESE~, HEETEiritnEr] SN B
K, AUFERBIERENARSR. AEERT, MRAAKOTHARCRNZFENBHSEEET4E
BB R . NRIREFEANE TG RIERETE PEDOT:PSS EFFFB AWK HEMPIRIRISKE
FEEZHERBRH A ENARIE . REMRHISENIKTEERBIR 2T ErX 3x10°; FHigRaI2LT
R = RN AR RIIA 80%, RESEIMFLELER S NMARIANERIFRAE, FEETRURIT UM
ML, 744 KIBET, BHEIRZENA 70 mWm?, BRI O EMEER R EER N ABEHRIER]
LRI REIRAEWE, FRARRRY, HRMEAERGIINBRE T IThSNERE.

C-44 SRR FRIRE A BIERIENBIITEEMLS
XI—ZA "2, FI0, BRRC, Wi, XGE 2, kMg’
VHARTE TR, FRRERE, SRAEHUE BRGNS Tolb A BALEE S, AR 518055;
PRI ALK, WpEeERE, BRI RIE 150001 ;
PIARIE TR, MRVRbE 5 TR RE, MBHEH 5 REAEOIE T, T ARE 518055

AEE R EBIELR (TEGS) FILUMSR AMRNABERE(URREERE, BB LIERIA. TiEsEbt. BIFxst. Rk
P, EERMNNIERERS, TLURTIFEEFREHE ., KESHEINER. sREE. SoREN
R ANRIREE A EEARIR EEAME N AR . ZNMRBERA TERE . SENHIMTIRIERBIRIREDRIFIE
HHIERAR, RITHIE T —FE n 2 Mgs ,Bi; 405Sbo s Teo ooz FYEEFTHLFN p Y Bio,Sb, s Tes HEBAF I pLATRS
SFERIABABIER, ZREHEIRIRES 289 K BNFBAMKKNERBINEZEIEEN 20.6 pWiem®, 1E
IRZ 50 K IR ERSAIX 13.8 mWiem®, BT, %284 EERIFIMSIRee A S, TSR
REREREREFNFAZE. &fE, BIZSREUIENMMRRIRED LED KT13t1T 7 LR RER, IRRZes
BN FIRESCATHRE .
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C-45
C-46 KRSHBHRREEERFEIREGTA

PUBST, s, BRI
R LI RERRER ST, M RE R R R P b [ 8 i S

HREHREMHEERENRIEASEMNRABMNRE, ERETRIERESE FEIMG (BIHNEE )
TEZiTE, SEREANFREN, R TXEMHIIIFNAE . ATERFHAR 7R TR
B FEIMAFR TRIERFAT IR, RUSMERSHEHFE— M RNFIRENR (AIRREE) , 4
MRRIGRIEBEZE R TIRFRBERN, HEFRITEHEATE, MRARETTEEIIRIA; BESHHiRHY
BEZ/NTIRFBER, EEFEMRTREFEMASITE, SRS EEMESMH SRR
REM. FEIEME, BMH—ZRE TETRESHRAVRERMAITEN, NS M SR TR
ERIA S BZ R ST SREEHIEIRISEN, FRIIRIZENRNAET Cu,Se # Cu, ;S &S
RIHOAEEESAITH], SR8 T HESHEERRYR (9.1% ) SREREMERFIEABEME, A TIEBRA
U HERDSEIR AT A RS RISERRA AT

C-47 3D FTENF AR TER R FIF NStz HI AN
Bk, DRREE, MEUA, JRBtHl, g
I TR, MEESIEARRERE SRS, HdbaRulidtib X EME 122 5, 430070

AR, (MEUARR SRR N FETE 5G SBTE R FEm R FE B R in P IREAR, B
HRIREMCAI IR R EM L EESRB MR N NFtee, RINEARENCE .. M XIgEkk (ZM).
MR BEEESR AR S LRI ES _ iR = 24540 Bi,Te, EtfR . ANARERF LXK BB RN
(Selective Laser Melting, SLM)ZEFTEDE T EBRENOAIS4EEE p-BiSbTe thtt, HRLERFN, HTF
SLM EERAIERABRARIGEZIES @ (BuildingDirection, BD) AY%5 =, M LR RAEHEBSAIES
L&, BUEERRS B R R BRI AR, I EEESIX 95% .. X-ray {T514ER%E
B3 SLM 2RI p-BiSbTe #7412 H (hk0) 524341, EN@EFEIA 0.9, BLTF ZM BEMR . &L=
ZT,0 = 1.07, 5 ZM RIS, HEKEFERE P=& 91 MPa, 2 ZM #1119 2.5 (% (37 MPa), EITE
NUMIDEINEREAR KRN T ZM 278, RFe/INMIEIRTEIX 0.2 mm, 5 SPS #RMEZ . FIAZAZAY p-BiSbTe
M5 ZM #0 SPS 5 4% A7 n-BiTeSe #4235l HIAL 7 pin #UFR T35 1.4 mm x 1.4 mm x 1.6
mm BIEFEE4F0 0.36 mm x 0.36 mm X 0.53 mm RORAISRE, HrhEilsstBm e Sl vegit
1B, HELESHHILIERES SPS Itk . A NHIEEE RN OISR BEM IR T —FEREN
7%, R HERMENBEESAHRIRAZ 3D FTEDRERFNSEE 7 IRSCAYEL .

C-48 5G &R Micro-TEC S E S LB Ik
BhAE, T, BIRET, AR, SRR
RIBHE R R 5iR 2 %0, BT H 1K FIPEKGE 947 %5, 4300815
WAL TR B BT RE VAR A PR ], 11048 SR T REAR 15T X XU TE 9 5, 436000

5G BIfVEEARERTREIFREUE, B 0.1 CRIRE KM ELUSERERIKER, HE2myth
HIER, MR EIRENEBIESAIRE . T LIS/ N\ BN GEHRIF TSR,
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BEAESHSSRMEEEE—RRTS R, BT Micro-TEC 224 ((4BLEEAHS2ME ) EMFIS 518,
BTSRRI EIREEILE) 0.1C

RECZESNHILSHHIERATT GBS E D P Rimhz. 18XF Micro-TEC 234 (EIR/NTF
3mm?, JTH/NF 0.4x0.4 mm?) , HEXROREMR R EFERARESAZRENEST, SEFHEHER
12AFETFBAY Micro-TEC 884N B A EEFES IO . FERF 2NN 7K E 56 BT IRARE,
BEE 5G BIFAPURAR, SIS Micro-TEC 284RIFEKiBIT 7000 5, FFRE 5G HiEHRA Micro-TEC 28
HRFF RS, BRRENGRASEREFRARR, THEFEREEEERN.

ARIZIT Micro-TEC 23{47E 5G YBIRFAIFERH=. ERtnE. ERINEZET R, KB~ EELR
SRR TTIREE, FHEMDITT Miro-TEC 2842 k= I IR FIAE X2 OB ARFI R BEHIRR AR T 22

C-49 PGS BRSBTS EHRER
BR, BN, (L
Department of Physics and Texas Center for Superconductivity at the University of Houston (TcSUH), University of
Houston, Houston, TX, USA

BB MR LU Peltier 200 B #F) BB RESLINH S FOMN . BT EFRE4ENHIS, HEEH
REFEHERT/N, WAR, JRES, TRHERFZIGR. HIIXAI 60 F£2, Bi,Te;, 52 —HEX
EMTTERERERIREBHCHR, BT BiTe, SAIRBHCRMEELIW TN A, 2AM, FHEAE
BT HAVRRANRHERE, (HEREHIRRARRZBR TR . BRI, HAWAIn B
Mg;Bi,.,Sb, #FISCHL 7 ER M BEBE T/l n B Bi,Te,,Se, . IXDRBMEHRERS R HISRL 2RI 8E
B9, AILIFRERRSR, ERTAISREEEZ SRR BTHINAIL, FIEEBHSUEAIAES
HLARREBRIS KRR SRARIEE, NME BB SRR — AR FIL, F(PRINCRERIR
ARUARFREREB SRR . BT, BAPEIRERISSESEESIREARTIER, RRITiEME
AORREREISHIR, BRERITIEAEMHIIARR ( RIFIEIMRETEN, RMETRE, LRMREE
FIRIEIW ) o

C-50 Zn {22 BiSbTe A& MRIELSIFNIABMEEEAT
INBEAL, T
I T R, MEESFEARERE SRS, Hdba it X B 122 5, 430070

KRTERGHS Zn-Sb/Bi-Te E= TR ZAIBARY,, LW SIEICTHEZERER, Zn PSINEB T
Zng,g EIREVERIAS Te DURINFENNESEEE. Te MAEEH Zn TEAFHES, EITthEE
R/ D20 Sb/Bi (H1E Te 18, FHERMNERTFREFS, BN, HHPENX ZnTe = x = 0.06 £
BERBINFREFTILULE] 4.45 mWm'K?, BAMHERIEF T 20%. G Zn AJLAS REERImKE, &
HRNBIEASE TR, & X = 0.06 FRIERERBIEHASE0.62 Wn'K", 375 KATFRA ZTERIA 1.20,
BESBRAER T ZH—SWMUERSETBREN, —HEEEEREPKEE, BT ZnTe IR T LIEE
ZH Kapitza 2, RREFERFTLURREEHAEE, HPEY ZnTe B2 x = 0.06 iFRHIREEIEAS
AT LABERZE 0.35 Wm'K", BEIESRIRE . B X ZnTe &2 x = 0.015 #£52 373 K ATEVSEHAK ZT {8 1.40,
ZHERESFERENXIIR 523 KIAME 2 Ei4seKkIERRE, FRISBEAM ., Bz RHEORB R
19 p BEEXAFIEH R n FRABICECHIEINEREEE, HMXIRZE0 250 KBS, SRS ARHHEINE3.25 W,
BRAEWIEES 5.01%, BT XIS EDFHEF 71X 35% 5 40%.
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C-51 SCMRBMHNEESEHESHRERL
DAL, BRI, RRGE, WA, XD, FOUR, SRR
PR R R AR, SR, KA 130012

SEGHRARE T IR TREMUFED ZINMIEAEENIBEM R RIAEH . BFE0. HFE
PIHRBLRFHMCAAT ML FRIDER, AREHIARFELEMEEIREIE . AT
TERNMARERSES HRAER SRMAEMEITERINA, FREeRsEF RIS U
FEERIIERERBRIMERAAE o

SUMRBMHEBNERIF. SR FRIFNUCFREEIIMIENS. RIFAIDZFERE. BEFE.
[RHEBRNENE . BRUREMHERAEMRERE, ESHBEXIIMNESRETIENBMEHERIX
BER. SERNUHAREERE, SEJEMIEFSARUIHINESER, MRS /ERARR BREEA
FHESE TR . FHNIRABESERARSHINEIE T RIAMEF T SLLARIAREIZIMAR . 8K
AEEMEGRWIN. ENELREERER . KBRIBERSREMR . RRTARSMEDHERETEMN
YIREBA RIS ORI IERERISIIN , BRUETT 7 AR MWREMHIIE SR, AT SR/ ERAINETS,
BREF T AR RIB SRS, BERRSEACEAK, BIIERETZSREMVENS, BB T
MEROASER, ST 7 BN IERER0IR T .

C-52 TR | (RHERNK S SRR R SRR RE
L G
VEPRERRRIE S TR s B

BWIRWAKE SRR —TEEE R RRISASEIHERABME (2T) NEERS. AR, 6l
MABGSIHRMKE, BEERENRESR, BESINFIREMAPIEERUENEEmRE, Bas Fas, &
MSCIAER I BEIE T . TEMTIKE SPKABM RIS EAIEELSLFIELE Cu,Se/CNT (IRFIKE ) . CoSby/
rGO (IREE M AEE ) . PbTe/rGO. Cu,,S/graphene &, HItt;, FUMEIT#I5 SnSe/graphene K E
BVEPER TR SnSe B MRENIE RS E. AT, WMUSLIMER4ERMEHEAK R ERISS S & M IER
RENEUEHIE G . PBRZOER, HAIRA ‘B ML BARELI T —&7 SnSe/rGO 4k E
BMRNRUHE, FFEE rGO IEETE 0.1 wt% %l 0.7 wt% 8], 1B1d Raman. XPS FEREFER, ilE
BT S ARENSERERIRE FIBEFRMFFRDIFELT rGO MK A TE SnSelrGO E&M K989,
F5 SnSe FEZ i, WIIMEBMERENINAI: (1) BT S%E SnSe/rGO REMAFEIGHER, B&
BEET SnSe £IREXERNER (1E 773K, LR 036 Wm'K') ; (2) EAE=EABETTIEIN SnSe =
BERFREMREXRESZR, EF rGO E4%T SnSe BB MEERMEIEE, SnSe/rGO-0.3 wt% 44
KESMREAET 0.91 B9 2T IE(8, BT SnSe 12FLY 47% . LR ESRIEHIGRET Cu,Se/rGO F4A
KEESMRInTIEHIE R IAEB R

C-53 BiSbTe EHBEEAMHNRERERERMN R EZ D
FaiRAE, ZEfEA, dS0R, RER, SKIEA, BT
I T R RHE SR B R A 50, ’RIL 430070
A BB SN REIER ARz e R RO A EN—TES B RS B 48 ES
Bi%. Bi,Te; EAE2EIE—RUANERNBME, AT HBABEBSHMNIESHEGS B,
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ANITFERE p B Big5,Sby e Tes IEBMRHERN RN, REBKESMEESHBEBS FRRE R X, 8T —FY|
WK KL F GdCo, 1E A5 —HHAY GdCo,/BiSbTe MBI E Sl . AN, GdCo, LN F
& Co [RF5 BiSbTe ik Te BF iRk ZER @M AE N ZR KK CoTe, &, BiSbTe E{RHI
(0001) EME)IERE RIG AR LR E 285 CoTe, B2 \ZE BiSbTe E{AFs5BELHLEE; Egaz SERRER N
1 BiSbTe EAF=4 Bir,” RAZGEFEFN Bi ==u, SHEAMHIBSEEE, (8 Seebeck REFNINER T E
AHER; GdCo, HAMEMAAKM F AR RERFEFIK R ER EEENF FREHERER, SHESMHNG
BHRSEANBEFHMT. GdCo, FINEN 0.35 wt % FIE S RHE 350 K B ZT (&A% 1.3,

C-54 #hE PEDOT EFMHHIAIAE 1ERE
EEX, NRIE, RE
TEPRHEITRE R AR TOIRDFIER:, TTPIRE, 330013

PEDOT A N2 HFImEREE NN p BLEVBEME, 2008 F, MEREERRFRE T XT
PEDOT:PSS MEB{f(EIAZ] 10°%; 2010 £F, IRIE T PEDOT:PSS KA EiEIRER(fEIAE] 102, 2015 £F,
BT B RIS AL PEDOT.PSS [EEHAEEM{EIXZ) 107, RE PEDOT #1 PEDOT:PSS &
FERYEE SO LA SHIIAE] 2000 S/cm, SATIE Seebeck REUXE ~15 uV/IK, H2S5E PEDOT BYEAIMN
BINREAF, FERE THLRNBNARE. NMREAMA 5 FiffRF, EREET PEDOT ESHES
BRI MAEREE, ETRESERE. 0FE8. %‘é*%%ff’]u&%é%ﬁtf%ﬁf BYHET PEDOT &
REBINEREF, /3 PEDOT EABMHRINARRME 7T I®ENSE, i, RBATEIZFE PEDOT EHHEH
TN EABRAR S EM T AEE NI, RETRIFINETHEINE, theéfkab,EE’é}ﬁe}Eﬁﬂﬂé 5|
H—EETES PEDOT EAMBEMEIAIMEEE, 1RMATE PEDOT ESBREYIHIEMERSHEES 7
ENHE, BEENSHEERES FHIREEARE EZITFIERE

C-55 SHEE=. 831 PEDOT:-PSS M FHAESSE RSN E
LR, TRATEE, WL
TR T R ESERE 3T T AE T R X T 2 5, 116024

BEEZIEB FREHRRARE, FFAREM 2. SHEINTAZEREBE EES N XHEIABR
TFAA R —, TER, LB (34- ZIE"EEY ): BB (RZIHEE ) (PEDOT.PSS ) AXENSH
REVHETSHE. RRBASERSER, BANSRIREENNZEREMEAR . SBEREYIIAE
MR RAIEE LEURATES FHEOEI N o FHEHS . ATIEE TEIER AW D T i HEIREmF LI o
FHEHYINSEG RN, REE ?E%EJZIJJ%'J&TEE—Q’@#’]E’J PEDOT:PSS #F4f, BIS{iIEHITRE,
ISR B KR 4EELEehE) . RRERCIES, PEIE PEDOT:PSS F4iE8 S5:1K 4029 S/cm, ZEMUTEER
#919.2 pVK', WRFEENEEF 147.8 pyWm'K?, ZINERFERE LM T 4% PEDOT:PSS K4
EE (@&slE ) A9 15 (2, by, PEDOT:PSS 454K T A4S (#rZsaE 389.5MPa,
TZNIEE 30.5% ) KBt . EF PEDOT:PSS S EN— A NI BT HRE S A SRRV MRS,
APEETHEET T SR AY) L H ST AR aSENE A SRS . ABARASSABENENNIREE, FHIST
RIS A A SRR NI IR ZZIX 0.273 uWem . ATEND FHEOE / HIP Iz AmE LA, AIhH
BT ESENRBTSE; FR, FH—ERBMRN TR T . SRR FRESIRNRRD
BEBILFREN .

93



) 192LY %+“"EIJEI....QM¥SIJ§F'

C-56 #ia P BIRSIEBMHRIF
T, WA, A
TRYIAF b

REMRHE N —FhaeR e ABeA 1B Re B SLIE B AR RO BLThEE i, BEEBLEEE. BiTiY
BRTEAE. TESFmK. T5RENR, ERFZFNzXE, BFLRBEREESHEXR. 70
THZEURFIEMRASERGRS, AMIXIEEEQERREIABT R, HFEk, BYLREM
BARFEEREERNSBREY L, MIMEREMABMENHRENRD, THEREWEN
S5HBMEZ BNXEXBRIEABH. £TI, BOIERTER T —RIHEETE P BLHIEREY,
HERAARRIRER FeCl, BRXREWERIITIEZSY, WEIFIENREWHITOoNT, RFEHifsR 7 ik
REVOMIGE. SREMTXIAEBMEERNTIMINE, HPTHHBREY P (BDTTT-EDOT ) BT
EETRIMEBIERE, 1E 350k BY, Seebeck REUAZ 800uVK', EMTHEEBFM, BEMNIIRAFH
101.3uWm™'K?, tLEREY P (BDT-EDOT ) fES 100 fSLL L.

P(BDT-EDOT) P(BDTTT-EDOT)
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