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Abstract

In this study, we integrated the integrated sphere, optical
emission spectrometer, power supply, thermoelectric cooling
(TEC) module, and DAQ card into one system by Labview sof tware.
Through the varying approaches, we accomplished the
calibration of wavelength, luminous flux, junction temperature,
and thermal resistance of LEDs. Besides, we measured and
analyzed the thermal resistance of LEDs with different heat
slug.

This thesis begins with+the discussion of basic radiometry,
and following by comparison with-photometry. Then we defined
several useful units from the aspect of colorimetric. We
specified the working principle of integrated sphere, optical
emission spectrometer and the calibration of emission
wavelength, absolute intensity. Next, we introduced three
common methods of measuring thermal resistance and contrast
them, and we explained why we chose the NIST method. According
to the mentioned methods, we developed a system by Labview

software which can measure the optical, electrical and thermal



characteristics of LEDs at the same time.
Finally, we analyzed the thermal characteristics of high
power white LEDs under different junction temperature and

injection current.
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APingEd AR A P RERP TR EFEAL Tfofrd
WEAR Y BB, A o Mr’ﬁ pARE A X ﬂdﬂ Pk L bk, Lk
kAT X RAPE P o SPEp X o b Fd T EE R
FiEEE gt p ke d A kd ok A F o Ep Kok
KA LR v P R kA T LR e ) AR LY
WRBHERRRP > F AR RRRP TR MO L5
o $FP KB ¢ rpEN a4 A R VP E UG wp kol ken
BP T 5 Sl P AP MARR Y o P e
Bk bk g Ap il KA Fenp MBS RP 1 Eenpiik e
B LB RAE G kiR LA o Gldog KE S B REE
BRAE LB £ BREES v LG ATHE LB T
Fh Rk PEFLF 2L 2 2 A BT o G AREH T E

Ho L FenE R g ke TR ATLRBP T G I ch g g p ok

Boodopt— K€ RAREEM AP A ATH o R FI AR D LRI
ko FIP Y chiod aggd A T od pLE dro AR ipit ok

MR T g R d g BRI AR SRRV SN



§OERAR S KRS e WS PR kR RIS 2 5]

“IES\ “
ol

SEEd ARIRITE F pEd o
kg d BREA PRATRE MR o AT T 1 R A

G § PSP e o B A s B B R T4 R D TALE

T4

RE® s B3 d RRUFd it Rentd & o HRRFd B2
R A kRGN kR - B R R4
kR ¢ frart B 3R

1. 2RIFRIERDEFEL T o

2. RypLHAL T E FRE R R B 0y

3. FIpu o v KD FREFadp 4 o

4. FAp M ¢ F 3 5000K pFoaE * 2R SR ok § TS R
vind BT FRRRip M ¢ RER > FApM I R B 5000K
B 3E % D65( ¢ JE 6D04K) kiR > T 5 S R AE - T end Fa
B EEFRRRadp b ¢ BEP o

5, #wE T 14 PRERSESFTRIET 2 AFRXRRT = )
BeE A d R AU, OV, 0 U 0V o

6. T RpEd WS BREH > KFuU oV, o d W FRRIRE 2T R

A RA R 24Pk d RIRFAEA A2 B RRBPN T 3§

MepEd BB o L1 AL RS B R & E KR

-21-



v

kimend Bk v S G

\\\?{r

j’:%ﬂg ﬁ?ﬁé’ﬁur A E:'Ful'(zur ’
V=V, o RS 14 R by 0y, 0 ¢ B R R R
Fhu oV o S BRI AL B hd R A o ¥

TN FRE

10872+0404% ¢, 4% g,
U = Cy dy
g C d

16.518+1.481*c,, ———d,
Ck Ckl d ki

k

552
Mo = C d
16,518 +1.481 " ¢, — " d,
Gy dy
;i c,d o ’EJ—{\}—?‘J.";E:
c :E(4— u=-10v)
v

d =%(1.708v+ 0.404 ~1.481u)

1

W = 25(Y, )5 -17 » W' = 25(, )s -17
Ui =W5i (Uri —ur) » Ut =W (U'ki —u,'()

V5 =W (Vri —Vr) v Vi =Wh (\/'ki _V|’<)

RN FEITEN N VEORVEN o PO

8. M T AN RE AR R AR E B L DR,

R =100 - 4.6AE
_1<
Ra_SER

-22.



e e T EFE 5 BEd Fy it EES &
TCS 1 7.9 R 6/4 A i d
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jﬁj‘l%ﬁ%ﬁﬁ;gﬁi?’ﬁ# Lz ?ﬁéTéii%ﬁﬂjz’ P ( Lumen %L
T\ Watt
@°%ﬁ§ﬁ%’%%%ﬁ@ﬁﬂ%oﬁﬁu%%ﬁ$%§ﬂw@§
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3 2-9 F B EE v ko

Be fARE kAT
(Lumen/Watt)
v e 10 ~ 15
N 15 ~ 25
4R EE 50 ~ 60
pkE 60 ~ 100
K EUE 55
AMERE 60 ~ 100
B R E 100 ~ 150
B R AE 150 ~ 200
LED & /e 60 ~ 150

2.2.12 $§5+»cF (Wall plug efficiency or Radiant efficiency)
g1 R AR > v A AR TR D g s E BT

2 W T RS R Ny G 5 L & L LED -
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Bkipeni@iL > IEDAAERIKRAF? LAV gprlvend o

AR AR FRF AL 6 £ THE RS- B

bl4cFifie4n (BaSo,) » Mw 4 ¢ % & o ip R ARG - B & i g
K F SN AT L kfoiTio b g TR0 F S S B 90% 0 oo

4o BT

100

\\_\Vm
L~ VN

95

N

o 90
(5]
f=
£ \ A
& 85
2
7]
; \/ v,\
R 80
75
70

250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavalength in nm

————————————— Zenith -mmmmmemmee- Zenith Laser - OptoWhite

GBPILED b o d i Fl K A 3MA AT Lk L > L AT

-27 -



e 90%12 b oo HE ek B SR A TR IR E R A (s

E(1)= o(1), p()

4R 1- p(A)

plA) A HALenE B

B3 p(A)=0. 98 ¥ » PR A HHR 1 F N LR S AR R 050 )

AR St R AR IRER A A R
gk RF RGP R OHBAIF (S 2 AR X

?&%’3%’&400nm7 o E_%*Kﬁﬂ—\f&l'&ma 4T @“Ll”]'

00 \

14
[I:1 - \

200 300 400 500 600 700 800 900 1000 1100 1200
Wavelength, nm

Typical Silicon Photodiode Spectral Response

B 2-16 7 1P B2 k3

-28-



SR R B AR IR kIS LS A R
KenF S5 4ok a AT R o HN R R gL £ %) o

HATEP I E LB 0 F i 5 RS A RAAGK > F A9 0
G ft > xSk T PITR N OBERE TR A k> AER S e A
LARE AT A TR A BT R iR R R AR L T
'Tﬂz{% HPIAHPE > R FIREBIRGR > 4 %}"{’E«ﬁé e ek
o ipths A2 BRI AL

IES LM-T9-2008 .45 1 3. » tff ATkene 4 E/ 1 > b &

RIS RN A L S D BERR et RRIEA 7§

AEE  EA R EWNNEITTS X 2T SNSRI s

Sphere mounting struts
Optowhite sphere

\ M Raffle position /3

from detector
External lamp port

Spectrometer

Port (SMA)
/ and Diffuser

Cal/Test Lamp
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2.4, 2 & BRI
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ho A kR RAIY RBEHF NSCEHE N A Y- Aaid ok
KR RENAR DY E I RFAE KD P o 4o B

7

253.65 435.84 546.08
763.51
a04.66
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FAE R - HFREEH R (inpurity doping) & eE H 48

P BT A B - T

Z 2-4 Ly & 4L a0 Seebeck i

4L Seebeck % #&k 7L Seebeck % #k
A -0.2 Bi,Te,(P) 162

Cu 3. 98 Bi,Te,(N) -240

W 5.0 TiO, -200

Ag 3. 68 Poly - S(P) 190
ZnSH 220 Poly — S(N) -120
InSH -130 Poly — SGe(P) -144

Ge -220 Poly — SGe(N) -136

b, FlE - ke B BB T ol L
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3.3 ERRALBIHETSP &£ 2
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o B BTRAEHLBRAG SRS 0 R EFRP DS T BE
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Sensitive Parameter)# %t » o p TSP & 1o 8 B &2 # e o
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PrEehbe B b G0 % LED e BRIT R, 0 s BRI R 5
LED>fe £ 2 st @ LED 22 M p #F - FERE ¥R 0. 1mAI 10mA
2/ T ORRER A WAL 200°C ~40°C ~60°C ~ 80°C (F & B
ho S AR §ARIRIT R FHE > R TR T L § L) EALE R
Tl TEVE R RGBT A L WH AR R A
BEE om0 "%k B &R (Pulse width) % 1.bms 2+ » 1 iF¥
#p (Duty cycle) a 0.25% » #& % & * fictl (Labview) ™ 2 & 48 (DAQ)#¢

B 3R b T B
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LED Sample

GPIB-USB
Power Source
PC
DAQ
| | RS-232
TEC 28C

B 3-11 T 54 B4 8 TSP 4 5o 1)

Fo BRR R AVES TREFPZ L e BT R R B R T

R et EAE D N e BT

T, =mxV. +b

: 1 i | T(C)
20 40 60 80

B 3-12TSP 2. V. —T, b 2 & 4[]
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»

time

B 3-13 %% 2 7 R4 A(A)

>

time

Bl 3-14 %% 2 & iRt 2 (B)
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AT

= |TJ _TC|

R.. =
JC PDC

H ¢

7

Re - LED ehd& o 3 *h B e e

T, - LED srdz o 8 &

P © LED 32 U8 & 8 4 4T 7T 44

VFDC X ID
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3.4 NIST #re &> 2

no xR X AR TIREE AR £ JESD 51 £RIS &  A

2008 & =t N R g RIF R G 0 B LR DO R SRS 2 2 H
APRA TR REZ RN B A F S HE S 0 K Trdeen B p) o 3R

e ER* PR RABEBRL AR AERTRERT
RAEBHRE TSP 2R3 - WRBE DI AR AR f
B> 32FERERDERLTRBETZE » RS * 1 FgdR L 7
o fEP g e TRV.0)  BFLAIE S BOR AR > RE RIGVE
v R BV() i V. 0) EAp e e g v i o A PR
B~ AL > L3 R X T AR A BTORSES 2 ATV(0) 2B 2R
5 DC & inBRds 2 B L R URERE 2 0 T A RIEA fE D e
Jo
a. DCRinBedsi2 i 5 L 74 LED A X £ Favige TRV(0) €N
Ko - BipkzEn BR > BRAI2DC mIERELETIRF
FPRZRTROFL RLETRECIRLE InV > FERTFH
PEE S B OEG BEREERERIBE S R4 DC 7
oo B F 7 g0k (Labview) ™ 3 & 48 (DAQ) #5~ § BF v w T

B o LR GE e NE FIV(0) o 4o Bl AT T
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Photometric

Set the heat sink Feedback control measurement at T,
temp. to desired T, of heat sink (in DC mode) X
and stabilize it. temperature _—
) a few min. s a few min. -
me:\a/sure Rated current
F
o~ VeEVR(O)
P e - 2
., 4 =
=10
Vi(0)

t=0

B 3-15DC 7 inzed iz T A A (A)

Rated current

0
B 3-16DC 7 inBpd~iz T B 3 (B)

=T RAFFLED ¢ BR R > B pFiR * DC 2 3N 5kds LED > d 2t £

e TR B e o AR LED PR AR 0 R R LED e

O

RV (0) R AR V()4 F TS AT Ve (0)=V (1)
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AT =T, -T| =[T(0) - T (t)

T_ M-T _[t0)-T()

Ry = Pt) V. ([t)x1(t) Vv ([t)x1({)

H ¢

R, : LED e % ¢ Benfae .

T, - LED ehdgm B R -

T(t) - LED é’- T “’ff’/ﬂ}if% T_is o AT iE Pl eneh

P(t)

b.

31*;*

B e

D LED 2% RUE B # e BT AT T A 4 el fa e & o

WA T nSREE CF A F 8 LED A X AR FaE e TRV(0)E R
Mk - B4k e B AR BRK E.25°C 0 LR R R PE
o PEERIT R R TR T ALE IV 0 R
gk e ARG EER SRS RiE L 0F
Bherod 2 on o Mok B R (Pulse width) 5 0.5ms 2+ » 1 1%
2 (Duty cycle) & 0. 25% % ¢ * #ic48 (Labview) ™ 2 A 8 (DAQ)

;JEF%“BK P VI B 3 @V() 4o BT
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Optical quantities

Apply pulse Feedback control measurement at T,
current, and of heat sink (in DC mode)
Set the heat sink ~ easure VEj temperature
temp. to desired T, \
and stabilize it.
Hize ! Rated current
Vel T T Ve;
a few min. a few sec. a few min.

B 3-17 "%t T ihBpds i T Rk Al

T ORAELED hEBR B BpEie® DC > 5V 5% LED » Sk LED

—\

G

NN

ol B B TR B AL A PARLED MEERE R

7
-~

EE‘ #] LED m"'?rw"ﬁf&’ I%V(),‘ )i;f;% F_is ehV (t)#ﬁlf‘f- ,7[3)%%{-‘;:

\l F

[Py

d O V(0)=Ve(t)eniE 2 > BB > e B REEER S 40T

AT =[T, - T|=[T(0)-T(t)

R, = AT T, -T| _T(0)-T()

TP V<10 v Bx10)
d 2t DC TinsRdsi2 ERIV.(0)pF > €@ % FlehdEE RiF o @

I>

T,

R GRFLRA T RS - SR LT RS

1V (0) -
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I1.

IT1.

ERRRERAE 4
CNS 15248 Hfr &5 "F £l 1+ =7 ¢ 18 3| ek 4
HiH FLED @ 2 o 4e#ena B 5 N 4 p AR E B R en#
Fo FRETFHERYEY > BRIREV R ATRY o LA
FLED @A % > A2 5 HeatSlug 2 #cE A £ X £ RIR. €

LS o B K BB S FLED PF o do% it Pad §orkenit

ke

s o LED ¢ FIp 308 R chpeig P A om B3 0 T R ERIR, €
A F e o
Hge? TR KDL RER e 20 2 S0 us 20 P oG b

BT R R MR IR BT H o T AR

ﬁﬁis?lﬂ',/ﬁt” 2ok B JLAAACRAEETS o 0 € BT R R

Kepamd(NSE2a3 KRELFE,ZZF-- EL5@EH
PRPIK BB Y - FRAHEAR AR TFII LSS EREERD
BRIPFOT 423 5 ) -

BERAEIE TSP #0222 NIST #re 803 2 &9 285

BIRAELETSPERZREZTLEER TSP 5> & TSP o
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I1.
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& PR

fén
IRy
-
li%:
ik
E
\1:%
fpa
X
\ N
3

N
[ST #re &
] e
5

15 %
b "
.3?*;}5‘”5%:?]
P
A FE T
FE R o

" E R 45
R RS R
CRIE G EY
JC: | |
C/V & O ¢
Y V§I4‘7‘ N
" ] BREE
0 C-~ sk B} ﬂLEDFﬁ—\; LE ugill OOCH'T
uﬂ‘\;ﬁ_, | D ’ o
7-!1‘_"% PN#“'*
B o
< ~ T | y'/
o e £
_L?‘:’
ZH 20 °
C
A AR
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Y g LED k# T Bpll B H N & 2P i

4.1  x ki ’fﬁ

# 4-1 LED & T £ R A3k i - T4

B4 RN RN
A 3R A E /& 30cm ~ BaSo, % i ~ p(A)=95% 2
(360nm~1000nm) ~ Sphere Optics ® i ~ 7 &k
Bk

Akl ARG | 200 A E - R #Eﬂ 360nm~1000nm ~ & Bl E ¥
i % NIST ~ Sphere Optics @ i ~ 7 &k & N 1@

Ak Sk 2k iR OceanOptics USB 2000+ ~ 350nm~1050nm
g £ 2m~ ¥ 2 4 600um ~ 350nm~1050nm

BRLIRABLE | B F 5C-80C ERM AR £0.1TC ~ Ft#i
4 30W@25'C~125

TR R R Keithley 2400 ~ (21V1A ~ 200V0. 1A)
DAQ F AL fgB~+ | NI PCI-4461204.8 kS/s/ch ~ 24bit
R kg NI Labview 8:6
TR 5
AR ' !
ﬁ%ﬂ»ﬁ#%i
_ Tezmo
P
DAQ
USB PC

Bl A-1 4 5u% W)
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AT AR FHFLED B A o RUEPRALIE - TR
# & % -~ DAQ (Data AcQuisition » DAQ) & i > ;X Kk EB~ 3 # & LED

ﬁl—]@;,lo élb«f—i}r'* ’ "’t’ t! l*’ /:‘( wu’/" - *%mﬂ—\’ j\ﬂ/PJ/J qu\-:’ E[E!}fi’l'ﬁ 35k

*{3

THMEMNZEABEOER LR Py ANRPL DI T B AT
F* 0 NIST AR 22 I BT RELEZLELHVI? FiEe R

B e ER A0CEFIE 20CRE3 e E R 120C5 2k > £ 12
kR RERES HEODAQFERTENL  ATRLAESEE
RlEEE ARRFHFLED R REEF# FLED 2 &2 v &

HOE R PEER EFFFM > ¥ 4% NI Labview 8.6 wp # it £ 4

PR LA 4 8 6 1 o

4.1, 145 A o4

AFE g At enfg 4 3k .4 SphereOptics @ i® > & &A% 5
IM-12 > sk 2 2 5 30cm > ¢ ff & 2k ¥ L R % # 5 LED & F 2] 3]
2 0 sH e & CIE 84-1989 - IES LM-79-2008 gz d % i » p
IR K G BaSo, 0 & B 5 95%:4 ¢ A 360nm~1000nm A & poo vhFRIR
RS E & 0 7 3% SMA 905 A% sk 5% 2 4p % ¢+ SMA 905 R4

£ -
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Fl4-2 A 45 R

4.1, 24 kil & R 8 FRH

AT A A ki R REGE L 20W dF B DRI

oy

360nm~1000nm > & /pl#c @ vif#p NIST » 32 P 'ty BREIE 2 ~ kil

T ~d BRI E R A FET R

-~
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4.1. 35 &k KRR

A Ak kR R 5 OceanOptics USB 2000+ > # * Sony
ILX511B &+ CCD - & 4~ & = 350nm~1050nm - fe §F "%+ * = B &
e PR A %10 B AR e Bl Bk K B R G 0. 35mm > Hci
247 & 5 16 ===~ » @ fert (signal to noise ratio) s 250 : 1> USB

gﬁi@ﬁ%} fim o

B 4-4 OceanOptics USB 2000+ 4 & sk ik *F
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4. 1. 45k 5

OceanOptics #72 & ek gk » % (Core)® /&5 600um> % — %

kg > Tk & $“Eﬂ - Il kB o
"*-.._\..
B 4-5 OceanOptics sk 4 ¢F g

4. 1. 5% 7 RAEBIHFBRE

AR R RAERE B FRTASCI120C > § LED

B LOW TR 4 R T L 5CF 100°C > & LIW-20W 2 BB 4 ™

FIDCH 110°C » 2 21W~30W 2 B iR 45 [/l = 3 120°C > i@ *
RS-232 ¥4 > #c#g+ L3 VB~ C ~ Labview * o
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Bl 4-6 BT RAEBI TR

4. 1.6 RS

d  Keithley Instruments #7 %l it ¢ Keithley 2400 Source
meter » H_4F %] i Mot hE B E RT3 208 ehsRdea 4 o
0.012% ehiFz i » 5 =X chjg45 & » ¥ 12 * GPIB & RS-232 & %

il B MRk B 9 1 Bms
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Waweform Graph Voltage l
34+

23-H

o

31 \
A
29 ]‘
28 \
a7 \

26

Lmplitode

]

— |
—

2.5-% ]
1] 500 1m 1.5m 2im 2.5m 3m 3.5m 4m 4.5m Sm
Time

Bl 4-7 Keithley 2400 F "% V%L T A&

Bl 4-8 Keithley 2400 Source meter * e

4.1. TDAQ 7 L 455+
NI PCI-4461 % % ErER TR L » & 5 %3 fodRds o7 47
%25 o NI PCI-4461 24 24 == signa-delta # —dci- 4 &

(ADCs) 2 24 = agvtdig i i 0 R-FR k™ o bldo¥F 2
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S HRlzd o NI PCI-4461 2 5 #)

G

#/ 118 dB f= 6 #ER T 4§
B F SR s vi R ol B RS B B R BT Tl R
B Rl o PCI-4461 - S * 4255 > & 3 83 B~ B A 5% R

e A2 4 T L4l (shaker table control) ~ 28 4 17 @ frid e

B 4-9 NI PCI-4461

A4, 1. 8B 3 il

A7 A% afesN Ed Labview B3 o 1@ % pRds b frdy i eniR
B LA - BRR AN S FET U RE BREBA LD
Pl > MELITRIT S F U A0 LOF T F 3 ang e

o - - BRASE R AR BRI TR S BORGE

]

-69 -



s e o

)| W o

s 0
#&E[mr | EFHE] dov R1

R 0 | @Rl |
SERma 0 |
NEI

0 lmsamn
e
~ EERmm
IR fun]
SEEELR]

2

e
cEy |

MAETHE®)

HERET]

» ISUZU OPTICS
B ESICER

TG |ﬁ§am |%§&M
TS

BED)
o=

o L
.ﬁélﬂv]

i iﬂ‘qnnn EFEARREm) ngmﬁ.& @m*

ol

FERIZTE

e

A

| o

R
o

el

S| ERAE

SERfk

HEpAiE

B 4-10 kg 1F

ARk TE G ORIGE

oo wERLEE L F - Bk S dodt -

~ 9 b £ [nm

15 52 % [Watt(0)/Watt(E)]

# 1 Rjc[C/W] ~Rjer[C/W]
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~ Tj[C]

ki ik F

B R PP iz e pEREE~ T LED £ 44~ §

W]~ 5

~ Te[C]

fi

PlFR A e

Fla A B R SUPRRAT TR KRB RI A T

KA R R kel 0 s

B #ehTs

~ ek 4§ ~CIEx~CIEy ~CIEU

IREE-FAIRES S Al IR
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4.2 NIST £ ip> i 2 g TSP &0 5 & 2 #cdp

A F S H LED Ed RPN 45 RE X L 2 LED -
- % Emitter #7544+ (00 ™ @ £ Emitter) > - % Emitter ;3% 4%
fe B R B (0T AL Star) 0 A B[R 2 e e R 2 %REE R
fcdp o R B g AP I R ~CIEx~CIEy~i%é -3
Be~gksad A B ERCERAL S KFEBRAKRES B2 E
B2 BlRpdRiT -

B3RS NE L NIST S 2% 245684 60 °Co Bipldeh &8
Bo@xFERNETREFE  BFACHEER € TSP %

Bplk A B R RS R il > 2875 5 % D

TARE -
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4.2. 1Emitter #%253% (NIST 12 % VS TSP 2 B2 /%)

Emitter TSP flizst

3.86

3.84 \
3.82

>
© 338
oY1)
<
S 378 >~
- 3,76
= 3
:
3.74
ke T~
3.72
37 \
3.68 : : : : :
20 30 40 50 60 70 80

Junction Temperature[Degree C]

B 4-11 Emitter 2 TSP

% 4-2 Emitter'z TSP F#t & s = 4z 50

Temperature[C]| 19.9667 40 60 80. 0333

Voltage[V] 3. 84863 3. 78707 3. 73463 3. 68816

400C ~ 19.967C : T = -325.44 V + 1272. 46

60C ~ 40C : T = -381.344 V + 1484.18

80.033C ~ 60C : T =-431.13 V + 1670. 11

19.967°C ~ 80.033°C : T = -373.501 V + 1456. 09

R°2 = 0.99599

B 4-11 2 % 4-2 & 7 Emitter LED h TSP # it v & o 7 ru g
T PR TR T (7 &vg LED P38 o) B (PR R € MEF
R R AD B T - B IRR S FER Gl 8 S B

RPEPWMTILT ENE B e a e BREDTR
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Fibd Rz s E2E 3 n(R=0.99599) 0 # EEor AR T

i(/a auimi? 1‘#v#JdL}i

# 4-3 Emitter Z £t o F RV iR

L

F e [C/W] BErRA[C]| BARA[C]
NIST & ip| = ;2 12. 6969 60 33. 2
TSP & ip| = * 12. 7538 60. 1387 33. 3387
A 0. 45% 0.1387C 0.1387°C
EFAPeEr NIST a2 sV EpHre o § A PR FREXR A

60°C P+ (5% TSP

0.45% % 3 iz p 1 TSP NIST &4 &

Beng Rl ks YV
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4.2.2Star #2578 (NIST &2 2 VS TSP £ #] 2 /2
Star TSPlizsL
3.86
3.84 B
E3.82 \\\\\\\\\‘\
) 38 |
;? 3.78
g 376
£ 374
YD) T~
3.7 ~
3.68
20 30 40 50 60 70 80
Junction Temperature[Degree C]
@ 4-12Star, 2. TSP
% 4-4 Star 22 ISP T4t & supr > 2.5t
Temperature[C]| 19.9667 40 59. 9667 80
Voltage|V] 3.84275 3. 78342 3. 13285 3. 68877
40°C ~ 19.967°C : T = -337.645 V + 1317.46
59.967°C ~ 40°C : T = -394.819 V + 1533. 77
80°C ~ 59.967C : T = -454.517 V + 1756.61
19.967C ~ 80C : T = -388.636 V + 1512.01
R 2 = 0.995575
% 4-5 Star 2. L& o F R v R
F e [C/W] BErRA[C]| BARA[C]
NIST & Bl > = 14. 7564 60. 0667 38. 5667
TSP & B> 2 14. 7152 59. 9511 38. 4511
FE 0.28% 0.1156C 0.1156°C
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# STAR LED e TSP o & enaitit & » £4p & e (R'=0. 995575) -
B 1 i She - RATEF > 4 2 e R BRI RAESL ZHLED
Figehd o m e b - EERTRFLE CEREZSHS T 5.2C
mAEd 12.TC/W 23 14.7TC/We Fla2viE g Rl e PN &
& (PN Junction) 2 ¢t #(Case) 7 Rie » #712 3Z 04 £ p e 4e §_ >0

EP%‘J?&%%F’—‘%?C}}%&%% M 2 @ A NIST & E_TSP 97 2 S84 49 £ Bl
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4.3 Emitter VS Star s ¢ # & pl#¥
FFir NIST 2202 > KT A - 40 CrizFR 120
T &M 20 CRlB- kT Hmlicdy > ¥ 9 A47 iR &+ 2 pF > $

KR APM R WS R T R Bl

4.3 1%5% kg VS &a B R

Luminous Flux VS Junction Temperature

200 :
—#— Emitter-350mA
180 T —=— Emitter-525mA
160 F —=— Emitter-700mA
Star-350mA
140
= ! Star-525mA
L
% 0 \s —o— Star-700mA
= ——————
= 100 |
g
g 80 f
a \n\
60
40
20 1
0
40 50 60 70 80 90 100 110 120

Junction Temperature[Degree C]

Bl 4-13 % & VS o B A&
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Radiant Flux VS Junction Temperature
0.6
Emitter-350mA
—#— Emitter-525mA
051 —=— Emitter-700mA
Star-350mA
— 04 T Star-525mA
= —o— Star-700mA
=
= 03 \\r\
k=
=
<
[
02 1
0.1 r
0
40 50 60 70 80 90 100 110 120
Junction Temperature[Degree C]

Bl 4-1445 58 & VS = B R

il G R ER R Rl G4cB 4-13-4-14 ¢ o d

BP AT R AE PR EE R o EHA R $ 0 E fFad
PFEFRGERAS AN T U F b BRA B DFRT

il

BRSO G LED hE F s g Mo FARIFAT BTN
g™ Emitter 2 STAR s o B A LB RARR I 5

SRR LECE R E R TS SR

)

Y

Pl #UE R s > FlEmitter ¢ STAR #7024 2°C/W ehZ 8 o Bl

Emitter & STAR #-¢ 7 p Agenid B o
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4.3.24pM ¢ B~ FI VS Fo B A

Junction Temperature[Degree C]

Star@700mA
4500
4000 a\
_ 3500 A
=) —
= 300 / 40C
= 2500 e
E 2000 / e
= 100C
2 1500 | S\ — 1200
” 1000 // \ / N\
VN
500 J
0
360 410 460 510 560 610 660 710 760 810
Wavelength[nm]
Bl 4-15 % o gl B T o k3
Correlated Color Temperature VS Junction Temperature
6700 -
—#— Emitter-350mA
6600 —— Em%tter—SZSmA
o —=— Emitter-700mA
g 6500 Star-350mA
s Star-525mA
% 6400 —o— Star-700mA
H
§
S 6300
3
=
£ 6200
o
O
6100 &
6000
40 50 60 70 30 90 110 120

Bl4-164p 4 ¢ '8 VS &FZo B A
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STAR r4 3 Emitter LED ph# 4y

)‘:Lf‘ﬂ_‘ o

A 1 LS

7 4-6

ik RVS o B R

350mA
Emitter | 6035.28| 6138.19] 6284.19| 6458. 72| 6683.48
Star 6040. 22| 6147.88] 6276. 66| 6449.48| 6652.38
FA (%) 0. 08% 0. 16% 0.12% 0. 14% 0.47%
525mA
Emitter | 6073.44] 6173.24) 6304.89| 6478.37| 6669.24
Star 6089. 58| 6186.06] 6305.89| 6464.67 6667.03
ExAC) 0.27% 0.21% 0. 02% 0.21% 0. 03%
700mA
Emitter | 6131.64] 6226.62 6344.83] 6507.65 6676.21
Star 6158. 67| 6246.39| 6356.43| 6496.85 6663.37
EX A 0. 44% 0. 32% 0. 18% 0.17% 0.19%

N [ 2p 2 £
5/J?_ET7§Q‘IL ’ LtLrB/QT ’ 5/1?.

J'}‘—JF:] A1 'T;]z HERE RERESF

F_"E et &)
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Color Rendering Index VS Junction Temperature
80 .
—#— Emitter-350mA
79.5 —#— Emitter-525mA
79 —=&— Emitter-700mA
Star-350mA
>
§ 783 Star-525mA
E‘] 78 —o— Star-700mA
=
<5 715
5
onm
<L
(o}
© 765
76
75.5
75
40 50 60 70 30 90 100 110 120
Junction Temperature[Degree C]

Bl 4-177% ¢ 1+ VS o B &

STAR 14 2 Emitter LED & ¢ &3 o 8 & Pl (ko B] 4-17 47

>y
|
~
“E\“\
-
pat}

PEFMEF B ARS W e A Y R

BREABE TN TR YL a £ 2 M auEET gk
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4.3.3% B ~ »xXx VS o B R

Forward Voltage VS Junction Temperature
3.9 .
—#— Emitter-350mA
38 & —#— Emitter-525mA
37 | —=— Emitter-700mA
' Star-350mA
= 36 f ' Star-525mA
§n —o— Star-700mA
= 351 -
o =
= — i
T 34 \\-\
2
£ 33
32 f \\\
3.1 r
3
40 50 60 70 30 90 100 110 120
Junction Temperature[Degree C]

Bl 4-18" = T B VS & &

Ao AP S iEd N o RS BMTIETR R LW

i

o] e STUE R AP R R AL e TR 4 T

N

Fipfp T inod TRIVPEF D L EREEFE - RERGERF

P A1CE= RBEE T 2V 4Bl 4-19 #7on o

4
T T

-2 mV/°C

Vi2<Vvil

Vi2 Vil ‘
B 4-19LED e [V e &R
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Luminous Efficiency VS Junction Temperature
65 -
—#— Emitter-350mA
—8— Emitter-525mA
= 60 | —#— Emitter-700mA
<
= Star-350mA
=
g Star-525mA
3 55 L —o— Star-700mA
2y
g5
2
m 50
z
£
g
a 45 F
40
40 50 60 70 30 90 100 110 120
Junction Temperature[Degree C]
SR A -
B 4-20 % £»xcF VS Ho § R
Radiant Efficiency VS Junction Temperature
0.22 -
—#— Emitter-350mA
—#— Emitter-525mA
0.2 —=— Emitter-700mA
Star-350mA
Z 0.18 Star-525mA
5 ~\\\\ —o— Star-700mA
=)
@016 |
g ]
=
014
0.12
0.1
40 50 60 70 80 90 100 110 120
Junction Temperature[Degree C]

¥ T

dR AT R &

B 4-21 fg 5»c 5 VS 420 B &

EY ) L 4 ‘1“, D = Gl ‘1“,
e I R E DI S A E
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AF AN, AT ARBECTIET H R P OBE MM FR P
RERBTHEDRF O RILEF IR BERDIF > A4 (0
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4. 3. 4% VS Hw R R

Thermal Resistance VS Junction Temperature
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4.4 145 8 & VS T in

Junction Temperature [Degree C] V.S. Current[A]
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4.4. 2%k & ~ 4 8 VS & in

Luminous Flux[Lumen] V.S. Current[A]
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Correlated Color Temperature [K] V.S. Current[A]
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1.

B LED e e € RIW A G — B RRARE > 4700 % 300 enl
TR B R B % S AR HRERE &L
R TR RS A 0 BT - BEREA GRS B
AP PR FRAR oo @ gt BBk SLE H A - BAREEF chd
FOREB LI RTHRER AL HEEREE D R 24
RERF LR T ESRT o

AC LED sk @ #ape £ p) 4 58 1 d »> AC LED &4 kehajn o
e P H Y i f o A A K BB € 4~ ACLED &2
HV LED &3k  #vre 8 3]k Sue

B en LED #e iplads t Ry pecd X FHMARY > 5 -
BB g & 7 Tk d - e P A K R Y
FowgRt RTE)C(TFITREFHF - K 16 o
FIE L Z A B o T2 s EF T AR 2 g char

WETEF DD EATE - R AT ORIEEE BFE -

-91-



o

4o

[1] ¢ ZXRRE 7% CNS 15248-2009 3 £ = t&48 ~ 2 2 # e §
=+ ;2 (Methods of measurement on light emitting diode
components for thermal resistance)

(2] EIA/JESD51-8, Integrated Circuit Thermal Test Method
Environmental Conditions “Junction-to-Board” , October
1999.

[3] IES LM-79-08, Electrical and Photometric Measurements of
Solid-State Lighting Products, 2008.

[4] CIE 13.3-1995 Method:-of Measuring and Specifying Colour
Rendering Properties of Light Sources

[5] CIE 84-1989 Measurement of Luminous Flux

[6] CIE 127-2007 Measurement of LED’ s-Second Edition

[7]Yugin Zong and Yoshi Ohno, New Practical Method for
Measurement of High-Power LEDs, Proceedings of the CIE
Expert Symposium 2008 on Advances in Photometry and
Colorimetry, CIE x033:2008, pp 102-106.

(81 F ~Fl2 s T F 2 LEDAEZRIFM(L ) 2

Fhatiess 5 " 5L/2010 % 281 #p

-02-



[10] FrE5idh - d BE > nm1 < F 4% 1990,

[11] &FE,# SR HF HHAE LREIRZEARE 1712

[12]  S.M.Sze, Semiconductor Devices: Physics and
Technology, 2nd ed., John Wiley & Sons, 2001.

[13] http://www. isuzuoptics. com. tw/cht

[14]  http://www. oceanoptics:com

[15]  http://www. Sphereoptics. com

[16] http://www. labSphere..com

[17]  http://www. ni.com/zht

[18] http://www. keithley. com. tw

[19] http://zh. wikipedia. org

[20]  http://www. lightemittingdiodes. org

-03-





