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Abstract

Abstract

LED (Light Emitting Diode) is an excellent semiconductor optoelectronic device
which transforms electricity into light. Its luminescent efficiency is only 10% ~ 20%,
which means that 80% ~ 90% of electric energy is converted into thermal energy. If
the heat could not be transported timely to outside, the junction temperature of LED
will be increased, the shortening of service life will be suppressed, and causes the
failure of phosphor. With the development of LED towards to high light intensity,
high power and small size, the issue of heat dissipation has been increasingly
outstanding. The special requirement for the packaging materials of LED is put
forward with higher output power of LED, high extraction efficiency, and the large
number of heat brought by large dissipated power. The proper substrate is significant
for the heat dispersion of LED.

Recently, the SiC are currently being explored as an important ceramic coatings
because of their low thermal expansion coefficient, high thermal conductivity and low
density, which makes them a very attractive candidate material for electronic
packaging. The SiC accord with the requirements of substrate for high power LED as
follows: high insulating, more stable, the thermal expansion coefficient match to LED
chip, uniform and the high mechanical strength. The aim of the present study is to
prepare the ceramic substrate suits for the heat dissipation and thermal mismatch of
LED base on the research of our laboratory earlier. The preparation process of
freestanding Si—O—C films used polycarbosilane (PCS) as precursors were explored
and optimized, and the preliminary applications on the package structure of LED has
been observed. The main research contents as follows:

In this thesis, we prepared freestanding Si—-O-C films through the
oxidative-induced crosslinking of PCS in air for 3 hours, and the pyrolysis
temperature was from 900 to 1200 C. The change law of thermal and electro
properties of freestanding Si—O—C films were charactered and analysised. The results

show that the freestanding Si—O—-C films were material with excellent thermal
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Abstract

conductivity and resistivity. Both of them were reduced with increasing the pyrolysis
temperature. And the properties of films sintered at 950 'C were the most excellent of
all.

LED based on freestanding Si—O—C films were packaged, and its properties such
as light, color and electrical were characterized. The results show that the properties
of freestanding Si—O—C film LED accord with the description on SJ/T 11401-2009
<The spectrum of semiconductor light-emitting diodes product>, which was the
electronic industry standard of China, such as correlated color temperature, color
rendering index and luminous flux. The results of measurment of the thermal
resistance and the junction temperature of LED show that the freestanding Si—O—C
films prepared at 950 C were more excellent than Al substrate.

Key Words:. Freestanding Si—O—C films; Thermal conductivity; Resistivity; LED

11



H =

B B i e |
F N 1= € = o ST 1
BT B 1
-] =TT TS PITO PSSPV 2477, S I 1

12 LED B4 - vveeeemmmmesemmssmee e e 3
121 LED RSN +oeeomvvrreeeeesmmmsseees it 3

122 LED B T ettt 4

1.2.3  LED [RJZETEL - evveereememeen ettt 5

124 LED [EHUBH -vvveeeeeeeeeeee i 6

1.3 LED BUHEFGTIIIR - vvreeroimmsmmese e e 6
13.1  LED B I - orvveeeeee oo 6

132 LED BUHUILHT -eeveeeeeeeemmeiee e 8

1A SICREEEELAR oo ovvmeeemmrmeesose e e et 9
1A SIC FYREE R v eeeeeeeee e 10

142 SiC T B 4G JTIE e veerrereerm e 12

143 SiC A LED I weeorvrrrreeessmsnneeesssiiieeeeeeiiens 11

15 ESHEBIBIRGTRIZS oo ovveeorrrreeormmes e ee e, 12
151 BRI - vvvvvrrmmeeeeeeee et 13

152 BIFGLINZ - vveeeeeemmnmeee e 13

B B ST R 14
BT I ERISEAEBEE oo, 19
21 BEEATRF «ooooovvreee e 19

2.2 ELIAMER oo 19

2.3 SEREHI S BETRAE oo oo vveeeoeeree e 20
231 HAPHZRZRIE - vveeeeeeeeeee oot 20



232 HGEERZRE -voeeermvrreeee e 21
2.4 TERERRSNEMIGIAR - oo vvvveeee e 2
241 FTIR JEHEAMHT - oeeevnneeemmnaetei et o)

242 RAMAN JERESM T oo eeee et 22

D43 TEJE SEM J3HT «ooeeeerrrrrmnnmerenn et 23
i S 24
=R HERBREENMIZSTEAFRFME - 25
31 FEEEEEIETERERUEIR oo 26

32 THEPEMEBEZEAE - ooovrvrrrr oo 27
301 T LALEMEHEANHT -+ eerererrme e 27

300 THFEHELIEBEANAT - vvvvvrrreeeeeee et e 27

33 FERERRANEEMIGIRT - voooovvreeeomreme e 78
331 HEFE FTIR JERE AN - vvvvvmemmreeiess e 28

332 T Raman JEHEAMHT - ooevvrrerrrmmeerei e 79

333 JHEFE SEM 3 HT <o mmmmmmneeee e 30

B4 TFIBGTAT oo e 31

35 ZREEINGE oo e 32

. B O O P 33
FOE ETHESAKABFEEARERTR LED REVILNA - 35
41 HEHEEEREEAEN LED BUEEE e 36

A2 LED BUEEMEREIEAE - ooooovvreeeommreeeosree e 38
421 LED B K BELFEE - vvvvvrrrrmeeeeeeeeeiiiiieeee e, 38

422 LED BEfEBHANHT < oervrererrmermeerne e 40

423 LED SETHEEPEANAT - vvvvvrrrrmeeeeeeeeeeiiii e, a4

A3 LED SBESCEEIAFMEGIET - ooooovvrree e 44

R 0 1 P 46

A5 AREBINEE - ovoeooeee e 46
R i P 47
HHE PERIE o 50



VI



Table of Contents

Table of Contents

ADSITACE 1N CRINESE -+ v +v v v v e e rerenentete et ettt e eneaeaaanenans |
N o o ST T TP I
Chapter 1 Preface -« - -reereerrereriennnnini Gl 1
L1 DT OCUCEION «- v v v v e rereeeee e e et e e e e e ettt 1

1.2 INtroduUCtion Of tRELED -« v rrrrrrrrrrrmmmmenenaeei et 3
1.2.1 Introduction of the develpoment Of LED - :--ccoeveerereeereereeeeeenns 3

1.2.2  Packaging LED - +eweeeerersermenatmuin ittt 4

1.2.3  The junction temperature Of LED -+ +r««xssererserrenarrmn. 5

1.2.4 The thermal resistance of LLEID <+« -« r-srreerrrrrrenemeaneneraneneanens 6

1.3 Theresearch statusof LED heat dissipation -« ««««==««r-seerreaereeennn 6
1.3.1 The problems of LED heat diSsipation «+++«««««++++s-ssreeesesiiees 6

1.3.2 The substrate for LED heat dissipation:««-«««-xxoeererreereeeeeeee.. 8

14 SiC COIraMiC SUDSITALE <+« v v enrrenenananeatentae ettt eanenenes 9
1.4.1 The crystal structure of SIC ++rwwrrrserrrrrrmmrrr 9

1.4.2  The synthetic method of SIC -+ rrrrrrrrrrmrmrm 10

1.4.3  The application of SiC material on LED =« -ecveeerererereeeeeees 11

1.5 Research purposes and Research Contents: -« xvovvrvrveriinnn. 12
1.5.1  ReSearch purposes «+«««+«w«srrersermssermsermintiii 13

1.5.2  ReSCAICh CONTEILS < v+ v rerrrrrrerreemeemneennenttentt ettt 13
RETEIEIICES -« + ++ + + +# + e we e ettt ettt e et ettt ettt ettt et et e e et e et et et e e e e e 14

Chapter 2 Raw materials instruments and characterization methods

21
22
2.3

............................................................................ 19
RAW INIAEEITAIS: + -+ v v v e v mrrrernnnternneeesaeee s aaee s aaaee s aaaee s raneeeas 19
EXPE iMENtSiNSIIUMENTS -« veerreenre 19
Characterize the electrothermics performances -« «-««-«-ovvevreeieennnn. 20

VII



Table of Contents

2.3.1 Characterized the FiSiStiVity --«««wwr=- rrrrmemmmmrrree 20
2.3.2  Characterized the thermal conductivity =« «««oweoeeeerererreeereeeeeees 21
2.4 Thestructureand composition of filMs:«««+«xreeeeerrrriiiii, 22
2.4.1 FTIR @NalySis -+ vvveeeevrressommrmsssssessie e o)
242 RAMAN ANAlYSIS -+ v rrreeeserrrreee e 22
243 Scanning electron MicroSCOPE(SEM):++-««wwrssssmvrrrressiniiieain. 23
REFEI EIICES -+« + ++#+ et e ettt ettt e et ettt et e et et ra e et e et 24

Chapter 3 Pyrolysis process of Si-O-C freestanding films and its

€l €Ctr OthEr Mal PrOPErtiES:«««««xxxnrrrrrereeeetiiiiiiiii s 25
3.1 Preparation of the films: -« e v e 26
3.2 Characterized the filmS -« -« reerrerererei i eeans 27

3.2.1 Analyse the insulating property of films -« --ororoererererrreeeeees 27
3.2.2  Analyse the thermal properties of films -« ----vreroererrrerreereeens 27
3.3 Thecomposition and structure of films: -« «-«vovrviviii 28
3.3.1  FT-IR @nalysis <= c-orcreesonmrmmesesmimniiiee s, 28
3.3.2 RAman analysis - -+ wreesrmrreemmnnres e 29
3.3.3  The morphology of films:-+++«+««rrssrrsrrrreeseriirree, 30
34 DiSCUSS AN @NAlYSE - --+«-xerrrrrminaeiiiiii e 31
3.5 COMCIUSIOMS: + -+ v reereereenennnetetaeretet et et et e et et a e e e e e aaaeaaas 32
e = e 810 =TT T T 33

Chapter 4 Packaging freestanding Si-O-C films substrate LED and

MEASUreit’SPrimary Properties: -« e rerremrimiini, 35
4.1 Packaging LED «-« -eeeeremmmnmiii 36

4.2 Characterized thethermal propertiesof LED -+« vvvvveviiieiiiiinins 38
421 The K coefficient Of LLEDD <+« -rxerrrrermmmammmmnaeaaaeaaanaens 38

4.2.2  Analyse the thermal resistance Of LED «-:cveveeereereereeieeeeeeee. 40

4.2.3 Analyse the temperature rising curve of LED «+----oooveeeeereeeeneees 42

4.3 Analysethepropertiesof light,color and electrical of LED---«-+------- 44

VIII



Table of Contents

4.4 DiSCUSS AN ANaAIYSE -+ +-wvrrrerrrenrenrrse ettt 46
A5 CONCIUSIONS: + e vrrrerreeerrtiaeeeee sttt rraaneeresrraannns 46
o e e 10 = o T 47
Chapter 5 Main Conclusionsand [NNovations:«««««« oevreevreenne. 50
51 Main CONCIUSIONS « v rrrerrrrreemmnneeeanneeeaaneeeaiee e 50
5.2 [ INIOVALIONS « -+ v v v e rrnrerernnnee ettt saseeesaiseeesaaeeseinniees 50
ACKNOWI EOGEMENES: e ettt et 52

IX






11 5|8

KRG M MR LED (Light Emitting Diode) 1EN— [ 2 2 Sk 884, W]
¥ Be BB okRE . B 11 MR AR E MG B, AR OE st P AL
PRI N B SR RRIRE P, 76 P AR SRR N B Gk AR E— N2,
FRA P-N 4

P FERAEH K

, LED &R
BRF 2R i

- R A A B PR AT
FEAEAF

A A=A W ME R
B 11 R AR i

LED RO EEANE 1.2 Fivs: fERmE T, N X P2 HERT——H
T P RX Y, 1 PR X R 2 R T —— AR RO ], A NORX
PG RSN AEFER X, TR X A A 2 A — AN A Y, S
BHHORHCH, By BOARPE Y M3 T IR TARRZS CRIVRE o i 1E )
HE ), HLRA LED PHARIRE R BA MRS, P-N S5 20K, P XA IE /M H N X
THG N X H e P IXY G BRI S R BN RS, R R
XL AR PR TR RS, EA TR E DR B R
TEEW BTN RES, T T mis, B2 RIEERES
IE B RCPET, XS E A BR TR ERTRE LRSS, W
PR, ORI E G SRR S IR AR R R AR, R AR R
XFS RN 2 FEGES . PR R S8 LED 7E TAEH L P-N 5% T+
LS . LED & H PG & B P-N Zibbkl vz, Homes 5 R,



LED 355 A ek S0 B b i i 32 2 i 22 A Pk e S b

P 7

i N
U drced

T\ —> +—

£ ___HT

0 O O 0 o O
O 0 o ° 0o ]
Oo0 o] °o°

~

[,
| [
B 1.2 LED k)tJHEH

5 EAN L, LED A LA A

(1) LED HABUA PN 45 W, J& TR, MU EmEEE, 2
WEE, BN, PRUHAURSRFE R, MRl AT v o 58 ) 5 .

() BV, BEER, EGIE/NY s B AT SR E .

(3 fERFEmK, HTHORRABTSEIINES, A8 Kk#, mA
fasE M. LED fEH] 10 J3/NES, SUZONHIERIT 50%, & BAUTH 20 ~ 30 £,
FEVHAT I 10 £, AMUTZE I S Fdr, SR ENE RS, X
s FAh SR ) R A 5 R B SR EL I

(4) IRIh#E, 5 TRIRIEIRS). Fo% LED BIEA AN 20 mA, 1E[ &
3 ~4V, HABGE LED IR EFRFEEA Y 10 mA, 1EREREN 1.5~3 V.,
IXAf LED 55T 1C (19K ah i % REARUF I He 25

(5) JRPCEFED, LED 7E@ fL A B e w2 E IR AR 1 ms, 10 FARLT
3 FELJE 722 200 ms Ja A ATIA B E S

(6) RAHEEE, AL 20 Im/W ~ 50 Im/W, AT 58 60T T 2 i T F AR
X7, H#rAY LED (i @ amik 2] 161 Im/W, 1 H LED A5 R4 EHI A,
BANZ R 2

(7) LED {EN—Fh[EZS B e, Jandm s iy m 5 KoM 5 TRz,
LED AMUTTLIREYE, 1 HAFAERIGS:, Ro ORI BoR 2314

LED Mg 255l EHAZ T, IEAAMIKEEK, LED HEARARIT. %
SEAT R ST AT S G, ok 21 a2 i DUAREIR . Judt 24 LED
KB Rt FRAIER S IR G S, HE R — Pl R SE 4 D s eI,
BN AR 10 ~ 20 4E Py —AQHEAR K [E 2535 RERR A RIR, R AR sl it

2



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

