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The effect of heat sink on the performance of

thermal electric cooler

Student: Wei-Shiang Wang Advisor : Wu-Shung Fu

Department of Mechanical Engineering

National Chiao Tung University

Abstract

This article discusses-the effect'of heat sink on the performance of
thermal electric cooler and takes advantage of the thermal electric cooler on
the thermal management of LED. This study uses the numerical methods to
calculate the temperature of heat sink under the nature convection which is
validated by an experimental work procedure simultaneously. Combine the
numerical methods with the basic theorem of thermal electric cooler to
calculate the cooling efficiency of the cooling system which contains a heat
source and a heat sink with thermal electric cooler under the natural
convection. Furthermore, a cooling device with thermal electric cooler on LED
is setup to measure the cooling efficiency between different types of thermal
electric cooler and LED. The results show that the use of thermal electric
cooler as a cooling device on LED is efficient to increase the illuminance of
LED. The effects of thermal electric cooler on different packaging types of LED
and temperature of LED are different. The results show that usages of the
thermal electric cooler to decrease the temperature of LED and to increase the
illuminance are efficient.
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FRRE Bk A R L # T sk (Thermoelectric effect) > #73) # T »c ks >
ﬁiﬁﬁﬁ?ﬁ&fﬁﬁﬁm—ﬁm@’@wﬂﬁfﬁﬁéiﬁ%mo—@%
FoRT AT A F = 48R s p( Seebeck effect )~3a & +k 2% Jis( Peltier effect )
eiB ¥ &5 (Thomson effect) -

F B s d 48 B4 7 Thomas Johann Seebeck »+ & = 1821 & 74 . i
FREd AFRBAMEIFEBREFIHPORL C FAIRBFERLF B
FREATEAAZ TN PR LB ARAFD Y Fpt TR FR ik

( Seebeck Coefficient) » B i 84

Vy
AT
o s R Vb A A T VAT A B S & RIS HnE R L -

(1-1)

F R s A A T % (thermocoupler) fe® T4 £ % (thermoelectric power
generator) ik & B 12 o

#+ Seebeck IFU% B.osos e & (5 0 ;2 B4k % Jean Charles Athanase Peltier
FRELEABAMAI P ERBL SRS T e - e
Fooa V-t PRRAARBDRIEL > DT RSP AT B T
#& d17a bk 23 (Peltier coefficient) » B 3840 @
Q=IIl (1-2)
Mazmafhtalic QERMBE | £ o3 f 1T 5 £ F &4 E (thermoelectric
cooler) 1 TR I@ o

35 1857 & » $ 3 & _William Thomson & = 7 #t 3 I § cIZ 5 A A o @
Ji 3 % Bsorafgfrma i tbra g2 Fenhf 2> @500 2 f £ BB E & - 5
WRLPF > Bt FRRADERT WA T Pl RT A R R A A &
v enlAy o WG B 2 5o (Thomson effect) o @ FF B s frdicfrsa f #E (h fceh

B %4eT



IT=aT (1-3)

d P AR RRT L E AR L St frr R 5 - WA G chl

LA AR F R 100 &£ B Fl i - MR T S Mo 2 R A

B PR S A ARG BATE ST BF 2 5 o F7 1050 # 5 5 sEF LAY
Wi1Eag k> ARPFES F loffe[l]#F MERGHATHME2 LHEM > 2 HTH

ALE oA B g &2 T A enig # - Goldsmid f- Douglas[2]4] * L H g8 4 T
R BBETRAEBLAZFFALID 0CHT > Fptslde 2B 7 #0p o
1977 # F R =iFRrEA S 242 7> BP9 Mo QA * £ T A2 5
(radioisotope thermoelectric generators) # 2 » i& TR BT EP
g o
# L4 F (Thermoelectric Cooler, TEC), fed # Ttk TR~ » vy » T
iR I Atk o MR A B S g Ltk S R
WA & A HRE PR NAMA oV T AP WP E ] SRS S
EF o e g L EJ2® (CPU)~ & 5 & (chip) - % %= &% (LED) % »
LHAIVERE DT KRR EE o AN E R R e LED ¥
FEAR AT RALABEF AT NI o PV EHRE 2 vt 77
R REIERR -V WRIRALFLHT AR 3 FFFFH|E B
BESTEY T AL FA R ZRYAE AT I RY 2GS e g o 4
IV w e RS T E RS YN Rk o
Fd PALXEM-NI 2 ERe a0 - 2P Al NI Eap
s - couple - P 3] #afe N AL oAy g B2 pid > § R0 8

P-Ncouple p¥ > P 3] £ 4@ R it B Tk il soPRAIpm i > @ N A X H4g?
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P& - % couple H_1 & P en= AT PG A - A2 E IS ek
Hre %k o 4o 1-2 o
TR MR Y Y - RZ k&7 5 £ T B E (Thermoelectric

figure of merit) - # % R & 4.4 % Pihlic s 2B E Gl s TEF e 40T

Z= (1-4)

k

o §_ L ER shgk D5 ki (Seebeck coefficient) > o &% 48«7 H % (electrical
conductivity ) - k £_% 48 o4 @ & % #c (thermal conductivity ) - 4 7 ki ¥
G HER g (YK ) Bt 4% ZT 4+ chig Fl= S diek 47 o

#7 R4 Benldic #k (Coefficient of performance » COP) % :

p-_MTe~Tu (1-5)
Ty —Te)A+7)

ﬁél‘ﬂ,i’(/» R R R TC REEER ]/i%"ﬁf'_r :

y=Q1+2T)" (1-6)
He
T:TH +TC (1_7>
2
Vi FRTRABORTREE (ZT) 443 > yf&% HERLE

hftic Tadfe (COP) + A%% = 5 7T W { R PRTBE - FIPL A PA LRI HE
gk Do RBAR B ARE > T E AR AR > BB R AR AR o
PokE BT M ARY P EERRRFTA RAFERFFIERT D
BRAMPEREFERGE SR T R AT
- ~ FE®F (200°C 1T ) g it &6 (bismuth telluride - BioTes) 2 # & £ >
IpHR R AR T RS Bhpp o
= ~ P E%F (200°CF) 600°C ) : it 4 (lead telluride » PbTe) 2 # & £ >
¥ * H T 3 B (thermoelectric generator ) -

=~ BB ®R (6000C1 L ) # 45 & & (silicon germanium > SiGe) > 7 ¥ Ji



PN MDETE o

B R R R kS 0 A4S (BiTes) AL P 0T R4 Een

PP -
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o
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oo & ﬂP,T* 7 A * p-type e BigsShisTes & £ = n-type 7 BiSeq.15Tezgs & £ &

BT AR L T BE (ZT) » Venkatasubramanian % 4 [3]4]* MOCVD &

# i) BipTes/ShyTes s34 fu 12 (super lattice ) i @ % AL K R B H AT
F 458> 5 (hole mobility) ¢ & £38 > &% e (resistivity) 4p e p¥ > % E 5
Glcr VB EF W FIRARLREESS B B ARG G T
- H#E BT HALOE T R E - Venkatasubramanian & A [4]:E - # % I p-type
BiaTes/SboTes 42 fo te g 8 & < 0 ZT B+ £ ] 2.4 > F]pt i¢ * g it 42 (bismuth

telluride » BioTes )~ #f i 4% ( Antimony telluride » Sh,Tes )~ 45 i+ 44( Bismuth selenide -

2k

Bi,Ses) % 4L L 1F p-type & n-type ez i t B AP T BT HAE R L g2

— o

TEC K,értﬁ B wbtra s a2 A A ERepEEitant o AR
AErP 2 FAIEERES P TEC T + A a1 i ee g §

i3 BoCHUBIF L &5 & ¥ B g * TEC 2 7 & * TEC dwid > 75 TEC
% > COP X7z &1 R sgisdp > Flot ot A7 3
PR TEC 2R X % &-RiAN AT IFTHE Ei a2 2 o Solbrekken[6]
- 4gr ek TECH P Rifr [ PR LichEamg s » 2 ¢ 50 TEC
SERTR B AL P § R 4 ke o Bierschenk fv Johnson[7]4p 4ok 4 & 3 4
ETECV £ FiRE iy » s PFR- B g ks TECF Mig-kib 7
4 e e 3t R o loan[8]#7 3 TEC fie £ 474 B k A CPU cfc#h ki su > % MR 5
i kT LR R AT o B PR H B - B AT TR Y 130W #F#E o
CPU > & w3 >t 40dB * COP i | 10.8 - Chein[9]4F 33 4rfr fic % TEC i 47 %
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Huang[10]41 * — & w 42 % se k4@ i TEC en® i~ ) Rip 4R & » &% i
R W e kA a0 1 CaE B R -

d A FIRRATRART FMA BT F R AR P ER
EHBBRUALEFRACTERLH LM U ARTRLBRY AT I AR
EEE P VRRAR R RS KGR A R 7\ PR IRA Bk @ AP k-
&4 (Light Emitting Diode, LED ) h¥g#: + #-€ 7 &~ «nig 2k o

LED pj€ 70 & S B4 £t 218 > Q@ P FHE ~ 5 L2 FHFk
»eF B > 80 & N pEA J I GaAsP B 2R =k LED 27 AlGaAs i £ LED - 90
# P AlGalnP 3 # A =k -~ #£¢ LED & GalnN g% - % £ LED # R 3 o
KE¥ 6k LED endi 3R o LED en* p iR 5 - SRP AR > A H L F AR E
£ LED e * ivis o @180 k LED P R R F EF > X E P L RO
Moo EAR AR LED inf » o th £ % s g R eLE R R A
BF TR 3 RAEARS S BELED ARFE DL LS B o

P LED i sigieqpitn RIBsL R b F R~ E2HE 7 5 R
A E AR T 2E (2T K :}F]ré»‘“’iﬁ I N R

SR M R B AR S CRFE o R MG RP kIR > LED
R VI Bty 1A

- ARG PR H G b LED e koed A R A 60lmW =+ o e &

ok B R OARM b 502 100ImIW 4 & ey

Z ~d7E A b i Y LED R R Aé * 0 100°C 220 e LED ,.‘%1‘#_* €

FORERRAEA 4 o - BenirE R R FAgR ek G L Fp

(REET SERE =X
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FoFPFE-RFRETEREL AR ERT SHRBED AL
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FRAER A TRABETE o FP 4ok b LED fH iR 2RI R B
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A EEE KBRS A A IR R T B
1y im3r s 2 a7 v RGNS -
2~ BB A A RAE 0 B R ArAR ABSE R D TR o
3 FRE S BRI
AN e
I Sl i

(paj)zo (2_1)

0 op Oty
o Pt )= e A 2-2
6Xj (pul J) Gxi 6Xj P9 ( )
ou, Ou;
V. ekt 2-3
s ox; o, (2-3)

1

Hoe x5+ AR (i=123) U, s mRax > nhSH iR pLBAE  pA
BR A EE o pg it et ehE 4 B4 hd £ kR (momentum
source ) °

ER i R il



%(ui(pE+ p))zi(keff %j—’_sh (2-4)

X, ox X,
2
E-h_P Y (2-5)
p 2
h=c,(T-T,) (2-6)

Bk, F ook @R Gl S, & & FRIT o

T, & 298.15K -

qzi(ka—T] (2-7)

He qE#RAE > KLFW# B E o

212 # R iEe

LRSI I I S S T¢ ¥ -E R S SR B & T Rl
BP0 7ERE R o ANS S EFRIT Mg - AR L Ao
g om TR RINE - BR e R g R AT R R L e RS
WA ARG R - FMEREG > A EY RS OEMER A B N
gty P RlER s .
I~ o R4 ER
Ao v B4 L LA FRS EAE S 300K -
P = Pam
2~ As AMER
EEw K & & # % (no-slip condition) -
U=0>V=0>W=0

— A T HMER G EEBES IR R T Ao T EEG  BF  ER
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Y LIECLE R S

3 ECREE Y A FARE R

#agQ (W)

213 #iE > 2

A I e R R RfEZ AV ORGHRL D AEIY RS2 E RS
b oo pieiE 2 ikt STAR-CD /i -5 #rkigfes3- 5 » STAR-CD {1 #
3 *UF 47 % (finite-volume) 4y i 2 = & Navier-Stokes equations » §]* SIMPLE /&
AP ERLA . p PR ERELETE BT S O SR

RPLfr S AR HE - B RS A KT AeRl 2-1 977 o

3 "URE AR 2 eh = J2 2 42.5% (conservation equations) ¥ # i 4T C
jag;fdv +>" [(ppv -1,V $):dA =[S,V (2-8)
% iA; v

He gL ELAPM R8> T, 2 WECRECE S, 5 Kk ik -

8 (2-8) ¢ g - B U HETheT 5N

IMde(pW)Z—(p«/ﬁV)‘; (2-9)
Y ot &

;9 (2-9) @ ey - 3w 0 E-E 4 = 438 (convection) 4 2 3473 (diffusion)
2(p79: A, =3 (LV4-A), =3.C, - 3D, (2-10)
AR ¢ BTV T A kAT

D, ~T, ;[ (4~ )+ (V4 A~ 19, ). ] (2-11)

5
He f 28®7%3F > d,, 5 PFINzw® T, 5% FHichEko
j T PN b,

s 12 Upwind Scheme ed® 0 1335 (2-10) sYende > Hmm v d T 54 7 ¢
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F; =0
c, = i{¢p - (2:12)

M
Il

(pv-A), (2-13)
Fi 285 Jfrg il £ 4c®] 2-2 #777 -

# (2-9) ¥ % = 58 5 kiR3E (source term)

[S,0v =5, - 5,6, (2-14)
\

FE P (29) AV AT 5

aP¢S = zanb r:]b TS+ BP¢S (2-15)
nb
H
ap =Y a,+s,+B, (2-16)
nb
B, =(pV)’ /&

EiAIREE; Sl Rl K ol = S E YN

s P

fr

o S ST AR RN R R S R

=¥ (Bigt %% it) (2-17)

* 2 AfRILHRF > S aniE 5 0.001 -

214 H
bR fERI S AR e T RS R R N E R B R s
Rom P L add v NE BPENFEE R 2 PR St il e 2 T
AL QR I RTINS R i SR I e T
W EFCFTEFTAFERE - ~ TH > - ~BIPF = ~{EF
TR R g el d MR F S R b A AE R X AgE R AR B g B2k

F R FIR SN R R AL R LY ] o o L R ER L ST
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BB R T AT P R AT Y R e - B Bt
B F REAARE S FRR BT DRIE 4T

BB GRENIF AT HEI TR I P AR AEREBE LT R
B4 e e ¢ B AR E Gl B S - B A G SR ST RE
el A o B IR AP e BT E AT A TH Bfiisi%\’%#;f‘%m*x% ’
ARty @;m\g}:’gmc PR R lﬁ'leLF'&TLW‘ g F R *ﬁ‘” = E 2t
R o A BT A6 AT AT P BT S B AR A S e
FRIMERSEE @ B AR A E R A .

dog B oenf] iE3 0
(1) #LEm -

G55 (B R 0.05mm) -~ et (A B 1.6mm) -~ & /2 0.17mm 24542 5% - 48
LR E%Y ~ A (&R LSmm =-6mm )~ 'E /2 0.000mm 2z J-TYPE # ¢
% 4~ OMEGA = 2 17 0B-200 ##%% v AB % 5 -

(2) Wicdpin L kg -

R lemm 2 TRFF AL AR 3Imm B A 1Imm 2 £ EA] > H R 3Ry
48 ®itik (12x4)> %5 3 £H N gl frd » TP B ¥ 303 S 4= B
ML e AR AR T RE I Y 0y PR s 2
EACR 2-4 07 o A RBENGTRF T EELATREAG F A3 R0 HH G
Ms X BF LA RBLTEST e RN RFALLOTRFEGY NEFES
oy Bt < 5 3Immx24mm E B 0.05mm 2 4 55 0 B sh3T S B R 5 1dmm 2

U;j:‘{;“ ,é%’%/\m//;%ﬂ\—géﬂ;lkg‘lé\q %f;gl&;}’frliﬂ o‘fv;}_,_g@r:ﬁ _%1;4\}%]1':_

CF ST ETNIRE ST SRR ) L st

(3) Hicw A &k :
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RORCRESZ BABRTEFFLEEFA L DEAE Flptd - B
FHATTOZ BT ALK - A2/ F BT A (AR 1L5mm e 6mm) # = -
B.E & 3lmm > F & 35mm 2 £ 48 - i&cé’\; BaFpshd g e sdekeans ] o 4
RAFOARPEF PR BEIY KFTENF ORBR-ZRERGE T A
SRR A BT A (A S 15mm) b T ol A RRIER > P LR R
d BB EEhRE -

(4) Scg i =)
P B K SARAA K 0 P R ER LOmm 2 T ALK 0 T ARG

BMM 2= i) A % > BB AA N B IR N o it D E s ¢ B A

TEZHCRFEMLRLEISIEL BRY  wp E 240 BT
FA TV R A REL F e WIFBAEY § LA e A A AR T L T0E

ek o ¥ b A ”’@:}% v O vl N AB AN ke 2 BT o
FRLY cls gt ity EaN LS 5! %‘Lﬁi;f] AMECE o ReE = g P iR GW o P
A5, GPC-3030D iz i T iR B o2 (UNI-T = & 4] 5. UT60E = *
TEERTERETIE - B R L RFEEA BJIHOMEGA = 2 J-TYPE # 18 4 » fie
& Yokogawa = 7 A15L MX110 chF A BB > FP-L AT BAER E o T Y
Yokogawa = # %] 5L MX100 FAL#EP~+ s B F B M B B R B ~ B AT

A4

222 BRIACHIE Y p AHALER

SRR ORI P ACRA 4 o BACHAE Y R G B - do P R HERA

o

B AR RPN TR T R BRARELET AR ARG TER - FRKA

4o @) 2-5 0 FrAh il AN 4B 2-6 o ?5@’5%'&?“‘:

(1) Mgkt P TR g~ 3 FehT A4 3 kgl £ -
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%02-1 $c#E R p RE

N

KGR '3 R (W) iR (C) e F Ao R
(C)
Casel 0.594 25.5 35.9
Case2 1.591 26.6 41.6
Case3 2.991 28.4 49.0
Cased 4.401 28.1 56.1
Case5 5.833 26.3 62.5
Case6 10.356 25.1 80.7
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1022 ACHEE R P AT B W 4

Ef |(BAEMW) | 2RCC) | we#rE | HgE | FL0C) | mHEs
B R R (C) (%)
(C)
Casel 0.594 25.5 35.9 38.9 3.0 28.8
Case2 1591 26.6 41.6 45.3 3.7 24.7
Case3 2.991 28.4 49.0 52.9 3.9 18.9
Case4 4.401 28.1 56.1 59.9 3.8 13.6
Case5 5.833 26.3 62.5 66.7 4.2 11.6
Case6 10.356 25.1 80.7 85.5 4.8 8.6
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Heat Absorbed {Cold Side)

n-Type Semiconductor
Electrical Insulator
(Ceramic)

Negative (-)
Heat Rejected (Hot Side)
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%31 BLRALBRREE

Part No. | Dimension |Couples|Imax(A)]l Vmax(V)| Qc max(W) | AT max(C)

LXWxH(mm)

TEC1 30x30x4.8 71 3.00 8.1 16.40 68.0

07103
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%32 EITRLBIHRALERZ

v [REN) T i (A) Th(’C) Te('C) AT(C)
Casel 7.6 2.73 34.2 -27.2 61.4
Case2 7.8 2.82 345 275 62.0
Case3 8.0 2.88 34.8 -27.4 62.2
Case4 8.2 2.95 35.0 -27.7 62.7
Case5 8.4 3.02 35.3 -27.3 62.6
Case6 8.6 3.09 35.6 -27.0 62.6

(a) 2Rl * TR ~ B

c RBER 5 275C

TR(V) T (A) Th(’C) Te(C) Q(W)
8.0 2.95 457 45.7 17.04
(b) ERE~REEFEEAR : 278C
Imax.(A) Vmax.(V) Q. max. (W) AT max. (‘C)
PR 3.00 8.1 16.40 68.0
T E 2.95 8.2 17.04 62.7

() R & &2 o A H
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233 BTRLIBHB AL TELERERE

FEGR AW
s [T (O wax | g [TCO[Tic0)| 1,
FEE W) c)
e
(W)
Casel 40 1.50 8.55 13.43 96.6 96.6 0.0
Case2 45 1.03 3.91 8.87 79.8 79.7 0.1
Case3 50 0.81 2.32 7.30 73.0 73.1 0.1
Case4d 55 0.67 1.48 6.47 69.4 69.3 0.1
Caseb 60 0.55 0.92 5.91 66.8 66.8 0.0
Caseb 65 0.45 054 5.54 65.0 65.0 0.0
Case7 70 0.36 0.29 5.30 64.0 63.9 0.1
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& BIBAE > G @ * The Art of Measurement = # |85 LX-101 cHp& & 2+ atp ¥
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(b) S1# 5 ®
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2 4-1 HFFRLBREL

Part No. | Dimension |Couples|Imax(A)]l Vmax(V)| Qc max(W) | AT max(C)
LXWxH(mm)

TEC1 20x20x4.7 31 3.3 3.50 7.2 67.0
03103

TES1 8x8x3.6 7 3.0 0.85 1.4 67.0
00703

TEC1 15x15x4.7 17 3.4 2.00 3.9 67.0
01703

TEC1 40x40x4.7 127 3.9 15.40 334 67.0
12704
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PS4k 51907 0 5% kT LEDRAEF AV 7 §'E% LED £ 7 £ ¢
Hvm £ -S2-S42 LEDETEF AV ERAET A VB (%4-B 5-1- B 52>
RAR AVWHRADFRE ] HETERT AR DgR 0 &8 d W LED 427
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%51 LED# 7 EERAETHRE%
%8(°C)| LED® LEDpE R |LEDBR R |LEDZ % | LED4 % | LED4 7
(Cc) (LUX) B A (A) E (W) |~
(%) (%)
20.6 74.2 61 100.0 0.15 0.44 100.0
20.5 81.6 64 104.9 0.17 0.51 117.2
20.5 86.9 67 109.8 0.19 0.57 131.0
20.4 94.4 70 114.8 0.21 0.63 144.8
20.1 100.5 71 116.4 0.23 0.69 158.6
(a) S2
%8(°C)| LED® LEDpE R |LEDBR R |LEDZ % | LED4 % | LED4#= 7
(C) (LUX) B A (A) E (W) |2~
(%) (%)
27.1 64.0 266 100.0 0.35 18.8 100.0
27.7 79.7 285 107.1 0.47 26.3 139.9

(b)) S4
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%52 SLEAZTTINF &S

—

5

)

LED &% (A) 0.35

LED % & (W) 1.19
FERAE B B, iR
£E (C) 23.4 23.4
LED # & (C) 30.6 29.6
VT RAEREER (C) 23.3 23.3
LED &2 #:=8 £ (C) 7.3 6.3
LED B & (LUX) 572 574
LED AT A+ (%) 100.0 100.3
#2Rwm (A) 0.00 0.05
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LED &% (A) 0.20
LED % & (W) 0.66
BT RAEBRE UTE R
3R (C) 20.9 21.0
LED & & (C) 52.4 50.4
BT RABRAER (C) 23.4 23.4
LED &2 #:=8 £ (C) 29.0 27.0
LED B & (LUX) 536 540
LED AT A+ (%) 100.0 100.7
#2Rwm (A) 0.00 0.10
LED %% (A) 0.30
LED 2% & (W) 1.02
BT RL BRE 9T E R
38 (C) 21.1 21.0
LED# & (C) 70.8 67.1
BRRABRARRE (C) 24.6 24.6
LED ##:8 £ (°C) 46.2 425
LED & & (LUX) 722 732
LED BB AT A (%) 100.0 101.4
2R T (A) 0.00 0.17
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%53 (b) S2#TTiF kS

=
,‘m

LED £ % (A) 0.35
LED 23 & (W) 1.19
BT RAEBRE UTE R
3R (C) 19.4 19.4
LED:E & (C) 775 73.3
BTIRABRBER (C) 27.3 27.5
LED &2 #:=8 £ (C) 50.2 45.8
LED B & (LUX) 625 637
LED AT A+ (%) 100.0 101.9
#2Rwm (A) 0.00 0.18
LED %% (A) 0.40
LED 43 & (W) 1.40
BT RL BRE 9T E R
4 (C) 20.9 20.9
LED g A& (C) 91.1 86.2
BRRABRARRE (C) 25.8 25.9
LED £ #=8 £ (C) 65.3 60.3
LED & & (LUX) 842 860
LED BB AT A (%) 100.0 102.1
2R T (A) 0.00 0.24
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454 SIBMERLBETEL LEDRAEIR LS

LED =/~ : 0.35A LED 4% £ : 1.19W

%% |LEDER | LEDEAR™ | LEDBA | #3 R4 BH
(C) (C) % (C) (LUX) TE (W)
23.4 30.6 0.0 572 0
23.4 29.6 1.0 574 0
23.3 26.9 3.7 579 0.02
23.3 25.5 5.1 582 0.04
23.3 24.2 6.4 585 0.08
23.3 21.9 8.7 589 0.14
23.3 20.9 9.7 592 0.19
233 19.8 10.8 595 0.26
23.2 18.0 12.6 598 0.36
it |[LED BEZRA T AM(%) | R RAFZHHEFLTE A (%)
0 0

0.35 0

1.22 1.92

1.75 3.93

2.27 6.86

2.97 11.85

3.50 16.34

4.02 21.53

455 29.85
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. 5-5 (a)

22 LED B & § %

@ 2 02A LED 4% & : 0.66W

it

%% |LEDE R | LEDERT™ LED & | # & R4
(C) (C) % (C) (LUX) 2 (W
20.9 52.4 0.0 536 0.00
21.0 50.4 2.0 540 0.00
21.0 43.2 9.2 557 0.11
21.0 38.4 14.0 566 0.27
20.9 37.1 15.3 569 0.42
20.9 34.1 18.3 576 0.68
21.1 30.0 22.4 585 1.16

LED me & #& 247 ~ (%)

EREBIEETE A (%)

0.00 0.00

Q.75 0.00

3.92 17.27
5.60 41.36
6.16 63.03
7.46 103.03
9.14 175.45
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. 5-5 (b)

S2BERLEBHTEL LEDBA T %

LED %/~ : 0.3A LED #% £ :1.09W

Rt

%% |LEDE R | LEDERT™ LED R | #% R4
(C) (C) % (C) (LUX) 2 (W
21.1 70.8 0.0 722 0.00
21.0 67.1 3.7 732 0.00
20.9 60.2 10.6 754 0.13
20.9 56.5 14.3 766 0.29
21.0 53.8 17.0 774 0.48
21.2 50.0 20.8 784 0.83

i | LED /& 4 2 7 Auk(%)

FTREBAAHIETE A (%)

0:00 0.00
39 0.00
4.43 12.94
6.09 28.53
7.20 47.06
8.59 80.88
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# 5-5 (¢)

S2# %

REFEFAT

B IEDBAEF RS S

LED ¢ % : 0.35A LED 4% £ : 1.19W
T R4 %% |LED® R | LEDER T | LEDBRAE | #17 R4 B4
1 (C) (C) % (C) (LUX) TE (W)
$TEL 19.4 77.5 0.0 625 0.00
i 19.4 73.3 4.2 637 0.00
~ &
19.6 67.6 9.9 652 0.09
19.4 64.0 13.5 662 0.20
19.6 60.9 16.6 670 0.34
19.6 56.6 20.9 682 0.58
19.5 54.1 23.4 689 0.85
19.5 52.2 25.3 693 1.11
BIRAF K (LEDRARS A4 W (%) | #MLRABHFHELTE » (%)
$TEL 0.00 0.00
g 1.92 0.00
4.32 7.90
5.92 16.89
7.20 28.91
9.12 48.74
10.24 71.09
10.88 93.53
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.55 (d) S2HTRAEBHLTELLED RAE F %!

=
%m

LED =/~ : 04A LED 4% & @ 14W

5% |LEDE R | LEDEERT LED B & R RSE B
(C) (C) % (C) (LUX) TE (W)
20.9 91.1 0.0 842 0.00
20.9 86.2 4.9 860 0.00
20.7 17.4 13.7 890 0.14
20.6 74.1 17.0 904 0.31
20.9 70.4 20.7 916 0.53
20.7 66.8 24.3 927 0.84
BERABRGE |LED BAR D FA(%) | #T KL BRHETT A (%)

0:00 0.00

2.14 0.00

5.70 10.29

7.36 22.07

8.79 37.71

10.10 59.64
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5-6 (a)

LE

S3#T

s

=h

Rz FAEL

:03A LED #% & :354W

B IEDBAEF RS S

o/t
BT RA %8 |LED® LED:# &~ | LEDBRAE | #17 &4 B4
£ (C) (C) % (C) (LUX) TE (W)
$7E%, 23.4 79.9 0.0 605 0.00
R 23.2 78.8 1.1 609 0.00
~ &
23.3 78.5 1.4 610 0.07
23.2 77.6 2.3 612 0.33
23.5 76.8 3.1 613 0.75
23.3 76.1 3.8 615 1.33
23.2 75.2 4.7 616 2.07
23.2 74.0 5.9 619 3.19
23.3 73.3 6.6 620 4.42
23.3 72.6 7.3 621 5.85
23.4 72.0 7.9 622 7.65
TRABKGE [LEDBAKRTFTA I (%) BT RL BIHETE A (%)

RTES 0.00 0.00
i 0.66 0.00
0.83 0.20
1.16 0.93
1.32 2.12
1.65 3.76
1.82 5.85
231 9.01
2.48 12.49
2.64 16.53
2.81 21.61
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#56(h) S3MAIKAELTELLEDRAFHRES
LED ¢ /% : 0.35A LED 4% & : 42W
R RE %% |LEDE R | LEDER ™ | LEDRAE | £7 R4 B
E3 (C) (C) % (C) (LUX) TE (W)
BT, 21.5 83.1 0.0 670 0.00
B 21.5 81.2 1.9 674 0.00
~ e
21.5 80.7 2.4 676 0.07
21.6 80.2 2.9 677 0.20
21.6 79.5 3.6 678 0.36
21.5 78.8 4.3 680 0.56
21.6 78.6 45 681 0.80
21.7 78.2 4.9 682 1.08
21.7 77.7 5.4 683 1.40
21.7 77.4 5.7 684 1.76
21.7 76.6 6.5 686 2.25
21.6 74.5 8.6 691 4.55
FERABHRE |LEDRAZKAS FAR%N) | £ T RABHHLT T~ (%)
$TEL 0.00 0.00
R 0.60 0.00
0.90 0.17
1.04 0.48
1.19 0.86
1.49 1.33
1.64 1.90
1.79 2.57
1.94 3.33
2.09 419
2.39 5.36
3.13 10.83
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257 SUBHTHRLEFETELLEDRAEAFZHRES
LED ¢ in : 0.35A LED 4 ¢ £ : 18.48W
BT RA %8 |LED® LED:# &~ | LEDBRAE | #17 &4 B4
1 (C) (C) % (C) (LUX) TE (W)
$TEL 26.7 66.3 0.0 312 0.00
i 26.7 60.2 6.1 327 0.00
=¥
26.6 57.6 8.7 334 0.16
26.7 55.1 11.2 338 0.48
261 53.0 13.3 342 0.93
25.9 51.1 15.2 345 1.56
26.3 49.7 16.6 347 2.35
26.1 48.4 17.9 349 3.24
26.3 47.0 19.3 351 4.34
26.4 46.0 20.3 353 5.52
26.2 45.0 21.3 354 6.84

LED P & 4% 23 2 1t (%)

#

RIEEREETT A (%)

878, 0.00 0.00
B 4.81 0.00
7.05 0.87
8.33 2.60
9.62 5.03
10.58 8.44
11.22 12.72
11.86 17.53
12.50 23.48
13.14 29.87
13.46 37.01
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