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Abstract: With the rapid advancement of high-power LED and laser lighting technology, the research on phos-
phors is frequently involved with the packaging technology, optical design, modularization, and photothermal inte-
gration. For this reason, the material design and fabrication that are based on photometric parameters are getting
more and more important. Therefore, a systematic understanding of the definition and characterization principles of
relevant photometric parameters can facilitate the design and development of phosphor materials. This work aims to
provide a concise introduction to the fundamental concepts of photometry for researchers in phosphor materials. Key
parameters including luminous intensity, luminous exitance, luminance, and illuminance were introduced and dis-
cussed. Furthermore, the characterization methods and principles that are based on research cases were discussed.
Finally, the research strategy based on the photometric parameters is prospected, providing new ideas for future

study on phosphors.
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o] ARG 2 AU A S . 0 S ) — S R A
IR O A B B R W A B 9 e A R
AR ZE 6 e e O HOE A (pe-wLD) £ 1F |,
RIL m T AL GE A B0 5 PR RER

G 2 S ARG B — A 0 3, X T3k
FERHIT T 10 5 T8 BEE SF A . BRI
B 24 % (Luminous efficacy) | )% il 7 (Luminous
flux) 55 Z B TEWE S o ) iz o AT e s B
Az 4 S R — 261 JiE 22 2 B n) R A TR — 58 19 D
# , W% 38 (Luminous intensity) , Y6 H 4 B (Lumi-
nous exitance) |, Y6 5% & (Luminance) | )¢ 18 J& (1llu-
minance) %%, RO FE 2% S 808 iR 1Y B R AT BB
2 RO ORI B AR X o A0, AH 2 R Y
pe-wLD JH 564 B 0 58 20 T 38 SR i (R DG iE
T 2 AOG S B 5 BOUE ST B9 5 18] A TR R
AT —E B 22

AR SRR AH SO 2 SR s SR TTIEARY
fifp R, JF A R A S B B B 6 2R 5 45 B LB I BFSE
Z) BRI TOL R = 2R S s B .

2 EFEHRAREFAKRAZTHEXZ
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nm 0O IR K O 38 8 1T 3k 683 Im, 1 450 nm Xt [
fR 3 i HANAT 22 Imo X RO 3 TR Rt
A I, T B LR U R B mian, A
R X 555 nm Ot 19 B R B 1,1 450 nm ALK
0. 038, K A HR T 45 I8 B 114 0% 2 BOAHE | Hh A%
B INPN 3 8 R A N P Y Wk WINEE A
V(A)o SRR i BB G TR 22 R 58 1% R IR, A
FH 43 56 0% BB 3 T 3k 45 45 Uk B O T R 4 A oA B
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TR ' 38 2 (683 1m/W) |, AT A5 i 1% 6 U 11 A
Sl =L A (D) I

Im (°

D, =683 S(A)V(A)dA, (1)
W 7 465 um

Hp, o dotim s, A . h a8
T B DL AT AR AT ARAS 6 R B RO
2 TH PR TE FR R M Y O R R O TR 0 O iR 5
JER, AL Sy i WA 5 oK (Im/m?) 24 5K (2)
FIR

M= ®/A, (2)

Horp ARSI G AR ZO AR

ot i 4
Luminous exitance

M(lm-m™)

RO 5R E
Luminous intensity

I(Im-sr™" 5 cd)

ELS AT
Projected area
A-cosf(m?)

EFORE A SR B T A

Fig.1 Logical map of the main photometric parameters

2.2 ENBEREH (cd)

KOG BER (O m ) BT LB A A B & 5 A
JET NG B AE eSS R b &S AR R AR
BBEG M — R S 6 S PR TE = 4 25 18] & Ot

[, PR R TR 4 AR B O AR B — A =4k
RGBS ST AR A SR AR E SCR i
BRI AR S B R LA, G 2 R AL 2
BR 1A (steradian, sr) , PN 4B & . X F—



1896 K b/

¥R 44 &
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K SE R GIR 8 B A S AR o3 0 D 2m Al Ao £
B OB PR GRS AR IR 2 2(3) , B B
18547 (candela, cd) :

1= 0/, (3)
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Fig.2 Typical solid angle diagram

AHEL T IE iE, Do g2 B R plE SCR TR BF
M 6 IR BTGB 98 AR, B O B L (candela,
ed) , 2 E PR ALl o 7 D EAR RN Z — o [HAHE
YOG R A B AL R L2 candle TS J2& cande-
lao FLAE 1928 X HAEAR, 3 [ 24 3 41— H i
1658 2 Sk 1B (1 candle) o 20 2047, B %
KT A K, i 1 2 SCHE O — 2 45 R
KT OG5 B 1 1/45 5E LA 1 Bl (internation-
al candle)” . T 1948 4F , G 1958 SR “brif K
SRR, 4 Jm B BE ] SO N A R AR A 2 ELT 1)
£ 1/60 cm® Y SE5E K 1L, IF 24 candle i i it
BIHL T SC“candela” , BRI B AE A8 [ R A5 HE B A« can-
dela (FRAEHL) o % WO TEBE Ewg /N T [ bR
MO,

2.3 XFEKER/FEFK(cd/m?)

e SO A &, 6 SE B “luminance " 7E —
37 5 2 FLAE JE “brightness " TR FH o SEFR I, 42
J&Z “brightness” JF A& — D€ LY &, 1 £
FR) A2 — e T 00 J R Y — S A R A .
LFATIE T TR R A58 B o R E PR A
Ry #& UL Ke e o iy b 09 6 I8 B, SR FH “bright-
ness” 3 7 24 B A A= 7 b il 22858 B il R e
ARF ) 7 M O B 2y 3R O 52 “ luminance”
AR o A, 2 BE AL I 3 B S T 0L Y B R

SERE AR ~6 700 KIS, 5 AN Bl AL o5 7F 36 E 7 1)
) W 15 6 32 B 43 9l R 802, 803, 803, 804, 804 cd/
m’, AL, 2 AR BUE B A DG Ll My e S
22 M ) B 2 S 806 5 B “luminance” , A7 6T
Y/ T2 LAY 22 BE “ brightness” 4 i 6 TR .
52 B B a2 SR - B A 5 T AR D G 5R Y
AL R RABHLFE oK (ed/m®) o BT AEAE cosf Y
FARE AR A, YR — AR A 5 B T Y 1
IR WO AR B, R AT AR R A (4)
L = I/Acos® = @ /Acosh (2, (4)
Horp  LARRIGR T MR B OGRE AR
TR, O AR F WM AR ., > A A — R R
A S B A BOA R R R T M. A — 280
U5 BRI A B BT S, 18 3 e s, B
AR B ERR AT B AR L A
1, = I,cos0, (5)
Hop 1, AR5 7 m 1 o nY Kot B B
1,00), I, A F 3 EH 5 m iy ke EE, /Bl 7(0),
ZOCIR LSS R
L = I,cos0/Acosf = I,/A, (6)
23X (6) AT, I R O U8 O 5 BE 5 A E T
O, PRI X T B AP A4 S U 5 BB A il R T T P
Y6 se B . WO B s PR & R A A
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’ Lambert’s cosine law: 1,(6)=1(0)cosf ‘

(b) Projected area:

Area: A Acosh
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Fig.3 Diagram of Lambertian light source. (a) Property of
the luminous intensity. (b) Property of the emitting

surface.
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WO B AR 2200 5 SR 3R AR A, X i 2 O R
(4 5 B TR AT 4 3 Ao g 5 S B e ORI 1) o (B
TR fE— S s BR TR N, an B4, B
NP == S S AN C P Y

DL % 5 B9 LED S 491, 4 34 56 55 BT 14 )
PR AT N 4 PR

(a) (b)

(d)

K4 (a)dbid & (b)) G 5 5 (o) ZIGIRE 5 (d) G5
B o OQJE ST AR R G AL TR RO sRE,

Fig.4 (a) Luminous flux (@). (b) Luminous exitance (M).
(¢) Luminous intensity (7). (d) Luminance (L). 2 is

the solid angle. A is the emitting area. [ is the lumi-

nous intensity[m.
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JE B 2 A 7 NS08 g ) T 00 O IR (v [
NP S IR (THluminance ) i G TR 3% 5 146 9 1k %
AT P TR PR PN ) 1638 B, 3R s 4 R ) R 3R T R
SERY AR FERY AR B s (Ix = Im/m®) o 1140, R
Ji 28 G R E — BB R AE 100 1x 22 A7 ™Y 5 1 — 2B 55 22
LR I AEE 2 B B E AR FIX
SORE AT O IR A SR R L R TR B — A2 300
Ix ZE AT R SR T R Ot BB 2 5 N PR B
BE O BOHAE B 1) O R AT RE 2 60 N Y1 28
FA: B3 B AR Y O B EEAR 25 5t LR
I 95 TR DN AR U A A )

O FR B 2 2 A7 B VR 3 i RO B0 ) ARz
WACTED =2 ] B 1 5 W) 34 25 52 3 T L O 5 1 S e

WAL SR IR =S B R AE BT LA R — DG i
T AR R R T R RN — R . TEX A
IS OLT S FREDEIRE Ef A R h

E = @A, (8)
ANSI®™*" (American national standards institute,
ANSI) 3t B 5 0 R 5C 2 3 0, B O R SR 458
OB 5 5% Bt 4 T R AE T ANSTI BH M . 7E 524X
8 S B 4 FH o, AN RE B4l b LU B T, TR R iR B R
JEARR AL IR 59 6 E &, S BR EOB IR K
Mt Sl Z B DMD & 4 2 A
PR B 0 B B Sk B B e AR L I IRL S B
N o AEREAS R PR ARG R, AN R BGE LI O
RORAN A, 56 JE 2 A B2 Wt AN AR R o i DL IR
JIE Al AN RE 52 4 1A L A HR S A9 175 0, 17 ANSTA
A S ph 5 1] ) S o 1 P 2 i 0 505 A 11
i BT E, R — B R N RO Rk R
) [ 5 AN B G & . fdfH ANSI lumen A] LA
e A% G2 B2 AS I AR A5 B 2 WL Y 4 JE 45

[R] I R £ B8 52 A3 A= 7= 1 AR 3 F ANSI lumen’l'/fE
R T AR S R A
Circuit boards and accessories Screen
? Projection lens -~
DMD ANSI lumen
Lens
Lens ’
Lumen y
o » ‘
Rod
Light source Lens Color wheel Lens Speculum

K5 DLP# A ANESF /R =

Fig.5 Schematic diagram of DLP projector structure

XF T4 5 I P AN 55 e e T AR, H AR
545 Kk B B R 0 BE RGBT 5 b RO AR
AN B R O IR R AR SRR ), o ] E T AR L
6 B . ANSI lumen [ 58 7 15 28 Bt 4% 1) H
TR A3 Uy R A T RR A DT R 23 S LS O
6 T Y BREE AR, JBCF- 24 IR R (L IR B (EF
Y84 b ) 5 -3 LB %% 8 1m0 AL AT 4% ANST lu-
men EDMOI@

B2 A T % A ANSIT lumen Z #b , Ho i
St i 38 A 1SO (International organization for stan-
dardization, ISO) ™A1 CVIA(China video industry
association, CVIA) 3 BA®4E . H th 1SO lumen 5
ANSI lumen Ml i 75 75 A [\, B 2 ANSI lumen 7£
I3 EF 30 25 AT 30k R 1 b 22 e A A Sk B R R



1898 K b/

¥R 44 %

5 2 A ax B 1a] A e FE . 1SO lumen 57 1SO W5 45,
T ANSI lumen K5 1R £ o B0 [ 2 $ & 1>(;u
&, ] ANSI lumen F{E H 1SO lumen K, # # 2 [i1]
5 e b & 1:0. 8. CVIA lumen J& 1 o [ i 1
WAL P 2 (R FK CVIA) F A 4F £ 0 & 1), 38

F &KL, CVIA lumen MR I FRIE SN T €
T 25 52 SR, RN T AR G A AE 1 TR
{H ANSI lumen HifE ll TAEG AL, B &N

& A EN ERBEGE AT R, HAAEENE, —
SUBF 5K B N T R IO B8 R AR AT Ok B
FHUROK Y, R BB AT P AR HCE R O,
SEREAIGA B T IKE RS 5ok, B ZEE
5 B BUE T A8 F 2 S BR B IR K.

LUNDOIS RS A S A IN= I S A S W=D o
Fes 65 BE , A AT LAFRAS 5 9 ANSI lumen {H l_l
I, fESEPR TR TT A b, 7 B4 8 2 DL 4R
REE G %8
2.5 REFSHLESH
T EBRNE SLEAS B S B4

TR L HAROGRE LIRSt B R PSR M
AR B O 5 B 5 e O i BE B LA BESE 1 AR Al 45 2
65 BE 5 TG 3E Bk A& T AR AT A5 21016 A6
TEICEE# 2 80h T & RO 5 B RDG HY 5 B2 AR
S T 3R O R B 5 O BRSO T
il 38 Bl IR BH A i B R b O R BR LA
R Wy s it i BRAS B B

R1 REFSHNEXES

Tab. 1 Concepts related to photometric parameters'’

24]

/BN B ATR 55 Hqr W5 ASEN
- ‘ Im (653
e Luminous flux D L Im Do = 683lJ’ S(A)V(A)dA
465 nm
RIGHREE (OG5R) Luminous intensity 1 WAL cd(1m/sr) I=0/0
. WAL/ L = I/Acos® = @ [Acos6 2
e B (R GEH%) Luminance L cd/m’ cos s
REYI/S L = I cosB/Acosf = I,/A
Ix
6 i Luminous exitance M 55 W R M = ®/A
(Im/m*)
3 Ix
G B (BEE ) Illuminance E i v 3 N E = ®/A
(Im/m?)

3 REFARAERKBRI LA

15 it T HOR R B R HOR L LED Pl rh 3R 15
6 B 2 SR O 1 R AR e 8 R Ol
U, 8K J5 < R BR -4 O O BE T R SR kAT I
o M F LED IR A —Fp 32 09 B e =, R
B 5t 2B %, 45 A LED AR B 1 WP A & Ol 5
15 LED 593 Uy 28 W b [ o % T OB IR
INTIIE IS W o bvioe 1 = w D W P WA
A BRI T 58 AR 43 Ry i S ORI R 5 2

Blue-pass filter
Lens W Lens

=
S

¥ . .
Phosphor Low-Etendue white light

Ko SOtR R A .

6 TR, 5 S s 3 dh 26 Oy 8 O R A % 1 o
IS I (ED O o B = N iU B ORI o
T o TERE 0 SR o i Rz S R o i S A
B AR RO 58 B R OB R 3 A
R IR R I R, BOEAAREG, AT DL AR AR A X A
B (RO AT B . I e A BT 6 TR 2% 14 IS 4
R ) U R (RN O {5 B . A R S AT S S
B 2 FH 06 A ROR) I 2R B4, i ATE AT S 3 e
B BRI R IR X T R R Y
W 23717 R 4 K M)

(b) Reflecting 11\ er
L en &

A,

,
O
‘//
Low-Etendue white light

(a) B HFI; (b) S A 2,

Fig.6 Schematic structure of the pc-wLD in transmission mode(a) and reflection mode( b)H
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30 0 25 AR AT R A AR A IS Oh A BR O
B 2 K G TR (Winm) B 63, B )58 7 A3 bR
B 855 ML ek A A (D) #E A7 B, Al 3R 1%
X INE & OB A Ol e, W 3 A R 7 R R
ARAT Y G 1 R LA 3 A O A% 1Y ik Ot )
PR A AR I B RS (Luminous efficacy) ,
BLIE /W o (B 20 A2, I Ak 9 0 W 03 4 1Y
OG-0 U W SR (PR R A A R ) L Tl LED
Tl R A - A A% (Wall-plug lumi-
nous efficacy, X FR HL R & 0% ) W) 75 22 ok i
5 LA AL U5 A R F R O TR W RAOR 5
L BHOGA HY BKEl L B RO R BOR S R L TR
TARLEE BRI, -0 A R 2 T I DU Y 4
Bro BlAE WO RAW BT, 20 BHE I D6
130T L 4 YOG D) R (B 4R B ) S A M R
TE O JET G538 0 A7 S5 A 6 el i B A A
{i (Saturation threshold)™', 41 A1 [ {4 A] 43 hy S 1y
R I (L A R

(a) Spectrometer

Lens-3 Sphere

Lens-1 <>
—| - N Q
- "

LD module Lens-2

Stepping motor

1.LD 2.Lens 3.Photodiode 4.Lens 5. Lens
6. Stepping motor 7. Spectrometer 8. Sample holder

7 Ca) Gl ek ARG AR AR I Bt 2R 585 58 5 (b) B4 H
B AR

Fig.7 (a) Scheme of the luminous flux and luminescence
saturation measurement system. (b) Material testing

equipment diagram*'".

(RS B A, IR ARl X T “effica-
cy” BB EBR AR 0 BRI BR N HT A 2 R
ZR Seh BRI R A A LG, W Y 2 effi-
ciency”, B AL R IR i T RIOCRME

JIT LA efficacy” B fin 3k 7 A B0 0 L3202 AR T R
URE A O I e fe . BRIAT b o 20 1 ik
KOG BL 687 K #11F “ Luminous efficacy” o 1E
1, 2 3 AR WA R ST 3mSR T SE I B 9 R
WIRCRE " B RO R RE "R AR IR I RCR
3.2 AHHEMEXANEZRE

AN SRAT LS R Al A OB IR, Tk 4
PP E TR PEREIL 5 o B, SO0 KT A X T
JEOG IR G TH AR K, BT LAKH 55 3 & 2% 1 HOG
DGR T SR EL L ST B A R

PREAA DN AR R OGO BRE 1 RN AR AR ARG
PR A OCHE o X T OB R R A B OB
R, YO R B 2 PO OB R 1/e? IR, H AL B e A
HES Y P L E S O DG BE DR /N A ]
8(a) i o Horbr, 04k 48 S o et 1% W {1 o MR EE
W RO IR . AR IEEOEBE R KN AT L
PAFWOCTARB R . ROCICHERY I/ AT LS AR
E X o HARTE R, YEOCHCR DO B, 52
PRGOS BARTEAE BT Wk TR0t . K
(a) (b)

Lens 7 \

Phosphor

Substrate

B8 (a) 3Ot ol BE A4 v 7 A 14T 5 (b) 0k 9 2 Ot s 1]
85 (o) HHRE B 85T 538 B2 20 A1 5 (d) R OEOE BE B AR Y

T AT A A Ak B
Fig.8 (a) Illustration of Gaussian cross section for a laser
spot. (b) Measured luminescence spot image. (c¢) The
corresponding cross-section intensity distribution. (d)
The measurement setups for luminescence spot

size"**"* Clarity has been made.
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8(b) 7 1 &2 6 S BE 1 5 i X o 1 6 ) 3 3, 7
SR v PO 6 HRAY 5 BE 43 A AT REAS 2 R0
(1) 1 Jr 4 A, An &1 8 () BT 7, PR I S B6F A58 17 1
B 0 2 B T G B P i R A . T R BE K
AN 8 (d) BT, OGRSy — A LA
LD, OB R & R AR R G0 B n A 8150k
T VAT R R G, AT DL B A SO A R
RO BER /N (<40 pm) o FIH 4 B0R & 52
TE CMOS AHHL A AT AR AT 280 bR G BERI R, R
T By 1k 58 56 1 AT CMOS, A7 LB Sk A T i E 4 L
B FE D UEE R B RL S A AL Z B i E 2
PR R, 38 kD) 5 8 O S GO O BE A9
JECBE S LA 38 2L 53 BT O BE A AR 1A AT RS A 4K
FOCBE AR . FFA WA AR & A 2 R R G
84 ¥ (Luminous exitance )8 1] DL 2320 (2) #4731
HARAG
3.3 AREMEAR

e S RE S 6 R 3% 1A T AR S
20 BN ARG 7 1) T LR R 4 T i 4 & Ot
WA & R B T 2 ) — AN B ——
52 JE (Luminance) K R AE &SGR AEA [F] 7 1] 1 4
SPREIERY, D BE RO IR & R B 5 IR RO T AR
(4 EGAEL , B U5 By 45 52 T R 19 & i 8 (& Tl
(I SE AR ), 2 AR O S U & o B ) 32 W% o
O BRI R OE &, B PR G R RE A — T
K AL 7 G 2R B S P RO R

B, e X5 BOG T T 5 YAG: Ce 950K &
SRR W 5 Y S OG Th 0 3,38 W, 5K
BT 465 Im By G 5 5 11 J5 7 % 2% 5 5 E AT O BE
(9 5% H OB Y BE B AR N 390 wm I, H BT 8 i
RV AS I AT & OEEEE AR ) 405 pm. HBE AT I
B RGO BETE AL LY R 0. 129 mm®; OE IR BA 3=

& % X #:

B BT KOG, AR ()48 A AT A e
L2920 3 604 Im/mm”; A8 FRAE BL R, O 5T
B Lo BDASSEAE R, 291 100 cd/mm’,

~/
4 % 23

R A DLNIR L3 18 32 0t i 51 AR
L BRSO VA RS Al WG — ] 22 Rk . AR SO
FEEH WS ) 5¢ 6B R IR S8 A O
ORGSR O ESEAE N RO
JE A A R, LR B AF 5T 4 T A IR B s 1
16 E PR RE s R I Al b, S B TG 2 B
SORAC AR RS B SR M o AN, o 1 A I (B
A BORA S8 B, RO AR W R B 1 Y 43
s DCHER T R ANG A S R . 28 b i X
JE 2 Wy B 1 R G B R A BT R A
TEAIIT S 1 8 B AAR 5 B9 & SE R4 kL, 22 T 4 3
ATl 7 22 K R o

e, 2 A A WCHE 11 25 IR BT 9O Rk B 1 e
B FIRAE S AN H i R SRR bR
WA B I8 W0, R A (A, d Ok
IR AR FEARSS & 5 R U W R U H X T
LLEDOCHED) 5 BLE A R L5 BE AT,
T B4 A SOGE R . X TAFEN L LED 5T i
BH %% i€ (Luminous efficacy)*ﬁﬁfig s LDY T Ok
2 B (Luminance) 1% H 9% B (Luminous exitance)
AHXTH 2L B B X PR 2 4E B R B AR
A LA A DAl BB B 1 T , 2 1 S 4 b A
ST R HES AR e

AL G AR R WL R A N AT A
http://cjl. lightpublishing. en/thesisDetails#10. 37188/
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