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CMOS | Complementary metsl oxide semiconductor A4 R AL Sk
CNF Carbon nanofiber RO KA
CNT Carbon nanotube WA KE
COB Chip on board ] E
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CTE Coefficient of thermal expansion PRk 2R E
CTI Computer telephony integration o | IR SR
CVD Chemical vapor deposition S AHTTRR
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CwW Continuous wave HESEP
dB Decibel 43I
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DF Density factor B R
it t]“Z(:[r;sity functional theory/discrete Fourier trans- RS TS BRI B A
DIP Dual-in-line package XU A
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EMA Effective medium approximation A B AT
EMC Electromagnetic compatibility L A
EMI Electromagnetic interference HL#E T
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EPDM | Ethylenepropylene diene monomer 2 M ik
ESD Electrostatic discharge LR
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ESPI Electronic speckle pattern interferometry HF RO T
EV Electric vehicle HL B4
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HFE Hydrofluoroether U
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HPHT High pressure and high temperature e HE A e iR
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HVOS | High-velocity oxyfuel spraying o R AR U
Hz Hertz %3
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IC Integrated circuit AR U B
ICA Isotropic conductive adhesive 25 1) [R5 v
ID Inside diameter Wiz
IGBT Insulated-gate bipolar transistor 2 R SRR AR
IMS Insulated metal substrate ( metal &)re board ) 76 %% 4 @ AR (4R SR
IPEM Integrated power electronics module A S AR R
IR Infrared AR
JCPDS Joint committee on powder diffraction standards MAEATHIREREZ RS
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LCP Liquid crystal polymer WHREY
LD Laser diode i i 5
LDA Laser diode array WOt B 5
LED Light-emitting diode KA
LEM Lunar excursion module BA%E
LMA Low melting alloy S e
LRU Line replaceable unit Q&35
MBLT | Minimum bond line thickness /MR ERIR
MCAD | Mechanical computer-aided design BRI S4B
MEMS | Microelectromechanical system AL R G
MH Metal hydride &IREe
MIL Military TR
MLC Multilayer ceramic ZEM %
MMC Metal matrix composite SR IEE O FHE
MPU Memory protection unit WAF R 2T
MRU Modular refrigeration unit BEHAL 2 LA
MSRS Miniature scale refrigeration system /INEURRAR () T ¥ R 4
MTBF | Mean time between failure S $A7dhe e ) o E f]
MTTF | Mean time to failure X B ()
MWNT | Multi-walled carbon nanotube ZREMRNAE
NEMS Nanoelectromechanical systems WNHLH R G
NMP Net material product/N-methylpyrrolidone YT i/ N — Y SE g 4ot
oD Outside diameter iz
OEE Overall equipment effectiveness BRI BHE
OEM Original equipment manufacturer J A 1 25 il i
OPC Object linking and embedding for process control | X 52443 15 it A (193 F2 425
OTD On time delivery HERS 22 ¢
PAA Polyacrylic acid RN
PAI Polyamideimide R
PAN Polyacrylonitrile RN
PBGA | Plastic ball grid array SRR 51
PC Polycarbonate/personal computer RkMRAR/ A A THEAL
PCB Printed-circuit board Ef ] e, Al
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PCD Polycrystalline diamond BReRG
PCF Phase change film AHAE
PCM Phase change material AHAERA L
PCMA | Phase change metal alloy A G 4
PDE Partial differential equation i Tk 3 7
PDP Program data processor SUNEE §iip l8LiE
PE Polyethylene/postal explorer BN/ MR BOAE IR e
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PEEK | Polyaryletherketones R N
PEI Polyetherimides Bk
PEK Polyaryletherketones IR
PEM Proton exchange membrane Ji - 3 8
PES Polyethersulfone R
HED Polyethylene terephthalate/positron emission tomo- | Bt 2 — Hl i Z, g/ 1F B T & &1 7 |2
graphy Al
prc | Leuorited chemical perfuorahemies DO | ot 2 WAL A B SRR E
PG Pyrolytic graphite A
PGA Pin' grid array Bt R A 451
P Polyimides R e
PIP Polymer infiltration and pyrolysis B B R
PLD Pulsed laser deposition Jok vhEOE TR
PM Preventive maintenance T g 44
PMC Polymer matyix composite REWEZ SR
PMMA | Poly methyl methacrylate I VP P 0 R Y
POM Polyoxymethylene R HIEE
PPO Polyphenylene B
PPS Polyphenylene sulfide RARmi ok
PSA Pressure sensitive adhesive FEAEURE
PSH Polymer solder hybrid EEYEENESY
PSS Plasma sound source or polystyrene sulfonic acid | 25 B3 F-{4 75 5 ol B 2 7 Wi i
PSul Polysulfone B
PTC Positive temperature coefficient ETRE R
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PTFE Polytetrafluoroethylene RN I
PV Photovoltaic JeIR
PVA Polyvinyl alcohol RO fmns
PWB Printed-wire board o | ERdhIZ B
PyC Pyrocarbon Hfift ¢
QDSL Quantum dot superlattice Ry T Y
QFP Quad flat package V75 i~
RIM Reaction injection molding SN FE 5 R
RMI Reactive melt infiltration N 8
RoHS Restriction of hazardous substances A W) 5 B il
RTM | Resin transfer molding i e 1 Ao
SAM Scanning acoustic microscopy ESET e lx T G
SEM Scanning electron microscope e s
SFF Small form factor ININIE
SiC Silicon carbide Akt
SiP System in package ARG W%
SIP Slurry infiltration process KHBETLL
SLS Reaction-bonded SiC with laser sintered process | FIOGHESS T. 25 1 (1) S v be 45 bk Ak ik
SMA Shape memory alloy AR A 4
SMT Surface mount technology Fe R AR
SOC System on a chip RGN R
SOI Silicon on insulator gk U
SPM Scanning probe microscopy FRRET 05k
STD Standard e
SUB Single vacuum bag MU
SWNT Single walled carbon nanotube PARE RN KA
TAB Tape-automated bonding ity B s G
TBGA Tape ball grid array Bl BRAFE S
TE Thermoelectric g
TEC Thermoelectric cooler A
TEM Transmission electron- microscopy BT AT
TGF Thermal gap filler PRIAE R
TIM Thermal interface material PEL AL R
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A B AR 3 L
TML Total mass loss B R
TPE Thermoplastic elastomer IB SRR
TPS Thermal protection system WP R G
TPU Thermoplastic polyurethane PR ARG
TQFP | Tape-bonded quad flat package oy A DU e B
TTR Transient thermal reflectance WS
ULSI Ultra large scale integration A KA 1
uv Ultraviolet light Y57
vee Vapor compression cooling ZEVRELR R
VM Volatile condensable material R TV BEAT R
VGCF | Vapor grown carbon fiber SAHAE R BT 4t
VGCNF | Vapor grown carbon nanofiber A KRN K AT 4
VPE | Vapor phase epitaxy S ASME
VR Virtual reality UL
VRLA | Valve regulated lead acid fi] 42 X B AT AR
WBG Wide band gap pakeatity
WEEE | Waste electrical and electronic equipment B HL g B TR
WIP Work in progress TAEIELEHAT
ZT Dimensionless thermoelectric figure of merit TC A 49 A, i 5 R




CONTENTS | H &

F1E BFHEASEBEMEIGIHIER e, 1
1.1 PUAETHILACTHIE cooereerrr e 1
111 Rk BT Heth kI ol B B wsvseomsmanasvssssoasanaensasseasansonssasenss s )
1.1.2 HIBIE R B R B F| AL RI H 2k B vvorrvorasssvossososnonsnssanssarassosonsnsanes 3

L 1.3 AR IR cecosvonsasinmnmesvmsrunmyveames covasis kdesss Kaaamasissvssmeesonsssiusvrammn 4
1.1.4 HEREEGPIR A ML T orerrerrrensrrin, 4

1.2 R 0 B I B ARHIR weveeesersersensensessemsessesnenssessessessensnns 6
1.2.1 B B3 R 30 e 7
1.2.2 AFRIT B AT oo 8
1.2.3 BIRIITBINA I eossvrnsnsminsssvonsasssusssenissossnminsniissassnsnssissa 10

1.3  FRAET R B sre inasos wssrrrnniersunsvasvannavesnrusssnonsssssanssesnessEsas aesias siuvasuisen 10
1.3.1 BEAERBHE FE coeveremeenmraniiii s e 11
1.3.2 B MrFiEfot FTHRAGHEREIL i 13
1.3.3 ARG Z B AEFF coovevererermmnntsnsiiistnsusasstiosaesasetnsasorones 15

1.4 BFEERIE SPGB A FEAETH o coverreremrrrrorrnnrmirmtiiriisnea. 17
L4, 1 BMAEG cocceroiismsonsosinnsnsistsisotrssossosneressssonsasscssonssesesssvonns 17

1. 4.2 I cvevcrrererontmeimiitiuiiiitiiiitiiiiistiirititstsaiotitsssonsesasnasnnes 19
1.4.3  ABHF cocceererritiimiitiiiiiiiiiietiiisire s reasstree serssaressensensensanans 20
1.4.4 W3 E P SAHAEFIRA v 22
1.4.5 R FERAET ccvviiiiiiiiiiiiiiiiiiitiiiiisiistsiisisieessesasaeens 23

1.5  SRis FRE AR NG s sesennsa Tanraanesssanssssasnwenssbssassansansnesansinse 24
1.5, 1 RG] ceeernene e 24
1.5.2 APk BB crocverroiotrininiimsisnritotssistassrssasnaninnsssatnnes 26
1.5.3 SEIABAGE eeeverecnens e SR S S A S SN A S KRS S S SRR 85 29

1.6 S5t PR AT LRI - sooren veorervvscer vamses susisss wamnon svanon searan svaren sonsrssons 29
1.6.1 F@i4gbtdt ccorcerriimniniimiiiiinidincieiiee. 30
L6.2 BEFeMAGIIEMMP sovrsorsnsmsnmsnssnosornsasvssmmsssssssntvesssissns 30
1.6.3 HHFBH IR oveevermrrovommemenvecavoss vessassvasapassropasesssaasvessas 31

1.7 PRI BUTRRIE vosenssrmisssinnassissisassntsassssavmnnnonasssnnanssonssssavansnsns 33
1.7.1 ROHS £Afi] cevvncnenenenimiiiiiiiiiiiiiiiniiiiiiiie i eenseaens 33



O T~ - P PP 35
A TN TR ——— 36
E AEEBHERIRIEFTTE --oeorreerremerniniineacenens 38
2.1 HHEBE R HIUEE R AR cveeerererernraeenens WSRO RT WY ST =Y Y 0 38
2.1.1 #AEFFo g oereeeennnnnn st el e e i 38
21T IR BRI vesomwmnnsdomamnpsunsrespsavis i eidssysans i dahs oV hame soes 44
2. 1.3 BB crencecnrorcsnsnscinoniesseaserasonsrnsnsssnnresssnasnsesnessnsassssrassns 45
2.1.4 FRHAPE cecercrriiriiiiiii e st s s s e 45
2.1.5 BIEHHE GBI o orveorvsovonssentinivsssivasodys ireransbias s 47
B3 R R e s 5 e mommm s e e R 5 Sl S 8 SRS 52
2.2.1 @ FFREF LI e 52
2.2.2 AEEFHBILEAE oo 54
3.8 FTFURESR vsvvs seiivs auinen seisan soises avRiss S48 RSP $0THH AFSHS SR SIAO] USSR 54
2.3.1 RBREBAFBEMRIERE KR oo 55
2.3.2 TR E A TFAD coroorennionnurmetsniinsniiraiiaiions it siriesastosases 58
I T T < . S s 59
2.3.4  H ) F S HT e 61
2.3.5 B AZERL cerecrerreiiiii i e 66
2.4 AR R R e s cansos vanums evanrarrensssmvanyensons s swtsesensas s (VA N RnSHR AEERRA RS 68
2.4, 1 HRFBIAE -ocoveerrcr 68
2.4.2 X EFBEATEF -vorerrceneesorsiesumiciiimmatiisiiiiosiiisionassssanssssaassonsons 69
DA R IEARER Sivae ey el it S Sk AR 71
2.4.4 FHHE T BIAE oooceerecnriiiiiii 4l
2.4, 5 33,1&;1;, ’—?—"Efﬁ'ﬁfi ............................................................... 73
2.8.6 JBFHBABAE ocvocererereroresttiiiiiiiic st 74
2.5 FETHHLRE FE B R A i B A FE A e 76
2.5.1  JEARFeFLEACARIE oo 76
2.5.2 R BEMBGTIRIE concorsvnsasonsmmonesvossosssasssssnssssnnsssvusssesssosnns 78
2.5.3 RAVARIMFAF LIRS A AR B ALILZAGHrm e 79
2.5.4 BALFBIAEEREORDME o 79
2.5 TR RIS B cossremsvssmnnusons sumsasassssins sasvins sicssonsadni boabhassn 80
2.6, 1 LI EFOPUBE rvoves vomvessnues vroversnsent sumvans osnss vagens susnan veosas 58 20
2.6.2  FTHEPEGAE e 81
Gl o snimon adda s iy e i s i ooy SRR § R S R 0 b 83



£3

T BFHEMBEEEAEBRRIIIEE 85
3.1 BT E AT v eereeonraroraeorommeneniiiisas r st st ssaaas s sennes s nnaes 85
3.2 A BB s 86

3.2 1 B et e 86

3.2.2 ABAFAME o 89
I |y =07,y 7 . o LTI T T I TR T 91
3.4 B BB e e et e 93
3.5 R e 95

3.5.1 FRIBEEFBAF covrenrer 95

3.5.2  FREIHEEMAER cocereern 98

3.5.3  FBPEK coveerneeentetii e e 100
3,6 TRAPHIRIERE «+ovoeresorosssoomocssarasssssesssosvassassnssosssonsonossnosansanasssss 100

3.6.1 B A e 100

3.6.2 A JEETEAEF e 101
3.7 PCBEIE] ssvevsomsesssnsneesoveesssasasvoasrosassensunssnsssorausansossusesenasnrssssannss 102
3.8 FMREGEIIL --rvvorerrmmonsronssisscssiismmsossisssisiasnsssssssssssssssssssnsssssssssnnss 104
3.9 fESRHEALIE ceeeeeeerre i 106
3,10 2ok SBUBERE I oresrvnensesertvrasssssanaonssssrsnoosessnrnrmsussses vpsses sesees savesss 106
BRI o o wnwen aommnn swonss ssiwen consd 0 4R £ 40505 1000 A LHSL RS RIS SAPASN § OIS EASTR SRS 108
H BHEBREMBMBEESHR 110
Ao 1 | 5 e e 110
4.2 KARATEEFI T A AT oo 113
4.3 A B et 115
DN - 8 <5 < 117

O T 5 P P 117

4.4.2 B FERFoPEEIL oo 119
4.5 FUGRRLFYE -ovvvvrrerrrrrrrri 120
4,6 ZEPIAT ceeeereere e e 123
4.7 BRYIHAE -ooverevrmvnsornninnn s S A S S S SRS SRR ST A 126
4.8  ATEBH ceeeeeeee e s 129
B9 B BB RETIEL +ourrrwomrrmampensoomonsmyassmamansy ssnmns Sebabundilbis ik SHEVES ARV A 129
410 G e e 131
S D' T T P P P PP PP PP P PP PR PP EPPEPPRPPREPREPS 131



g5

B BEYNESHEEHE i i e cossis v s 133
5.1 7—71|%‘ ....................................................................................... 133
5.2 EEAOWIERSET ot i s s s s s s s s s e e e ae 134
5.3 SHEATHERHIETRAR ooeeereerrnnmaere e 137
5.4 BB TFEAMBBT SR oo, 139
5.8 1 FBEEAE B «verrs rewses v esions oxsans smmors vy spsens seises yEEBes SEmses R ¥RARES 140
5.4.2 i‘]‘.ﬁ-#}h}é?f% ..................................................................... 142
5.4.3 ,}}ﬁnge ........................................................................ 144
5.5 BAYHESMBIH—REIEREFEFIAR orreoreerremrtmmimnirnine.. 145
5.6 PARHHBLAURTFH ooreerrerrme 148
561 BRAMBUGEEAMAE o 148
5.6.2 AW — S A AAMF 149
5.6.3 BAM —TALEAME e 149
5.6.4 BEAHME KB ASME e 151
5. T G e e 153
TR TR eer s oo ons cwon s smien s brisn s st e s o s o e e S s S s SeeE s & NSRS 8 154
= %?ﬂ%%ﬁ}%%ﬁﬁﬁﬂ ...................................................... 156
6.1 G| B reeeere e 156
6.2 S LMBIGREILE roorovens sovasinsnss cunses vass aaswis ismmas savans sasos s winss 157
6.2, 1 BIAdE crerveraevonsnsvomnns innnns vosans smones veuses samess sumains snmeis s Snmios s 5ous 157
6.2.12, S AR war s vanns s s vaswes wanmns sesmen seinma Kmaien swisves e vels e s e ¢ 160
6.2.3  JBALH] BT i reevesrecnntaniseninusessaeniie st ansiessiasnsvasan osvmansesans 162
6.2.4 AR B id et 163
6.3 GEILBAIEE oo 163
6.3.1 A8 —ANE A o 164
6.3.2 48— BB EAMAE 164
6.3.3 48 — BRI G E AMA 165
6.3.4 48 — Eﬁ‘{{ﬁ&'}i{;\ﬂ'ﬂ ......................................................... 166
6.3.5 A8 —FEF AME e 168
6.4 LB BHIRL voceomernsnrensionmninissiossannisnssonnos sreseransnsnsennsssessarasasaes 169
6.4.1 4R - /E-i\ié\ﬁ*j}' ............................................................ 169
6.4.2 4R — BRI KLY R A EF e 171
6.4.3 4R — BRALEEF A AT E A4 - 2R G B A A e 172
6.5 FEMS BRI AR +svons sunonn cusnmiansn sussns smnis s sonsodsns svions s 55wes s 455308 § 555 177
6.5.1 A A AAA e 178



6.5.3 ARMIEBIR B HCE AIEH oo 181

6.6 ZEIB riwmes sunmes smswnvaseny s e5enes osisRs TSR FESRY VSIS §ASREE § DU FESTRY SHESS) FOSRD 182
B TR e e e s s srres s b e b e C s Seraa s sre s S s sree s saaes 183
BTE SIHAMEE I B IR coovnscsoions vorarcorsans soses esasuns sonsos sunsns suvans s sanes 185
T. 1 B E revssersaransstonssvissniisesssosuninsvesssnsioases iosesssvassnsernes senestorsesssres 185
7.2 BALREELPEE A MBI TR crvvereererrrneemessrnrnsessniinssssennensaans 186
1.3 TRAERE ~ ST A TR wavvevmumes enssves smons sommny somsies ssiours v eviss uason s5aw 189
A TRIETE TR coverwomrms soners semers vamers vevren sessn ¥ spmys scsens amess iosanm 192
1.5 FRIPEETRILRER A FARL ~on ravess s stnsns vnsmns sashas snnkas s d550an hidtes daabass airs 194
7.6 BEIBBIERABTR +asmowws rwesss suvsss stnmsns soeases sposes asuass s soisaiss $Hsss FASaRP o HETYS P03 196
9% PRSI T 2 cuxes currrs cxvms e st 8 xS § S —————— 197
7.8 WBEEEAMBHBEHIZRLE rvrerereereremerarrsrrraaaresmissininisasaeenanines 200
T~ = P s 202
B L T R R 203
F8E HFHEDRPHRAREME 205
%1 BAWRSHESETEMIDIEIEE . cvoon o oo coosses rasses sasr s conens sas 205
8. 1.1 BEA M T ccvrcosnsvnsomvonsosiontsiaionsassasssasnsssssins ssasss soastssausininy 206
8.1.2 MR EAAAIIEIRAT I «rovverrerscemmseniiimniiisiitiiei s sieeenaes 207

8.2 Sl BEIRTEIHEL sovvervwerrs vevres evvrrns cvuses vpvanms copams coppss svenen s syaves covews svs 211
8.2.1 WA HAIE B AIAZ cooeorerrmrimiiiiiiiii s e 212
8.2.2 AEWAITIEH AAR T A B A A cererreenrr e 214
8.2.3 H AWM F RSB ITmAE 217

B, 24 B B0 T w5 5oas # 0 A SIS B SRR SN ST SN SRR N VRN AR 88 226

8.3 AHLBEIAIRL «ovenerrrrtmvmrmrmmiiiiiiiniiminiiinis i st siseae e 228
8. 5.0 BB AR s o cmoos comoons s cwenn swnems sesmens s o £ans o 229
8.3.2 BAGHRALA M oeecoersrnstraniositntrocittininosiisiassiisasteasetsssnnsine 231
8.3.3 AATAFHE coorenssosctnisocnssossanssanionsussonssanenssosnesssasss savens sosnosson 232

B3 FEAh PR R A e oreermevsvens vevmenssanwes sevsns prsren v motioes sy 235

8.8 FEBRIEBLITETTARIR ~verconver soners soinnmn sasans ot usnims hbdions bosains kosnins awinsss o0 237
8.5 Eﬂ#}%ﬁﬁ*ﬁﬂ— ..................................................................... 238
8.5.1 LFEMEBEATEMA oo 238
8.5.2 A FHABAMAREMAE -recrrerrmimiii 241

8.6 BT EITEIRAIREE - svsvvrvnmsons ssssesinvars snses sosans susavs s snsars ssvess 245
8.6.1 BRI FEG LT T L ] ceevrerrrrreieni 245



