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Introduction
HQTAKJw Lem[h"H_]^j"OekhY[i"fhel_Z["j^["^_]^[ij"b_]^j"ekjfkj"m_j^"j^["icWbb[ij"\eejfh_dj"e\"Wdo"H_]^j

Ac_jj_d]"@_eZ[i"(HA@i)"_d"j^["mehbZ."P^_i"_i"Zk[,"_d"fWhj,"je"HQTAKJ'i"]hekdZ"Xh[Wa_d]"j^[hcWb"Z[i_]d.

HQTAKJ"_i"j^["\_hij"HA@"iebkj_ed"je"i[fWhWj["j^[hcWb"WdZ"[b[Yjh_YWb"fWj^i,"ZhWm_d]"ceh["^[Wj"WmWo"\hec

j^["[c_jj[h"Yeh["WdZ"i_]d_\_YWdjbo"h[ZkY_d]"j^[hcWb"h[i_ijWdY[."=i"W"h[ikbj,"HQTAKJ"fWYaW][i"^WdZb[

i_]d_\_YWdjbo"ceh["fem[h"j^Wd"Yecf[j_d]"HA@i."HQTAKJ'i"bWh][h,"Xh_]^j[h"[c_jj[hi"je][j^[h"m_j^"_ji

kd_gk["^_]^!fem[h"YWfWX_b_j_[i"fhel_Z["W"jh[c[dZeki"Wcekdj"e\"b_]^j"_d"W"icWbb,"ZkhWXb["fWYaW][."P^_i,"_d

jkhd,"fhel_Z[i"b_]^j_d]"Z[i_]d[hi"m_j^"W"kd_gk["effehjkd_jo"je"[nfbeh["d[m"Z[i_]di"WdZ"fheZkYj"_Z[Wi"WdZ

je"_cfhel["j^["gkWb_jo,"[d[h]o![\\_Y_[dYo,"iW\[jo"WdZ"bed][l_jo"

e\"[n_ij_d]"fheZkYji."

H_]^j_d]"Z[i_]d[hi"meha_d]"m_j^"HQTAKJ"Lem[h"H_]^j"OekhY[i"Ze"d[[Z"je"Yedi_Z[h"iec["fej[dj_Wbbo

kd\Wc_b_Wh"\WYjehi,"ikY^"Wi"j^["_cfWYj"e\"j[cf[hWjkh["h_i["ed"efj_YWb"f[h\ehcWdY[."Lhef[h"j^[hcWb"Z[i_]d

_i"_cf[hWj_l["je"a[[f"j^["HA@"[c_jj[h"fWYaW]["X[bem"_ji"hWj[Z"ef[hWj_d]"j[cf[hWjkh[."P^_i"Wffb_YWj_ed

dej["m_bb"Wii_ij"Z[i_]d"[d]_d[[hi"m_j^"j^[hcWb"cWdW][c[dj"ijhWj[]_[i.

S["h[Yecc[dZ"jWa_d]"j^["j_c["je"Z[l[bef"W"j^[hcWb"ceZ[b"\eh"oekh"Wffb_YWj_ed"X[\eh["\_dWb_p_d]"oekh

Z[i_]d."P^["HQTAKJ"?kijec"@[i_]d"Ck_Z["fhel_Z[i"_cfehjWdj"Z[jW_bi"WXekj"ef[hWj_d]"j[cf[hWjkh[i"\eh

[WY^"HA@"[c_jj[h"fWYaW][."KdY["oek"Z[j[hc_d["oekh"jWh][j"j[cf[hWjkh[,"W"j^[hcWb"ceZ[b"m_bb"Wbbem"oek

je"Yedi_Z[h"j^["_cfWYj"e\"\WYjehi"ikY^"Wi"i_p[,"jof["e\"^[Wj"i_da,"WdZ

W_h\bem"h[gk_h[c[dji."

H_]^j_d]"Z[i_]d[hi"d[[Z_d]"WZZ_j_edWb"Z[l[befc[dj"ikffehj"\eh"j^[hcWb

cWdW][c[dj"_iik[i"m_bb"\_dZ"Wcfb["h[iekhY[i."P^["j^[hcWb"cWdW][c[dj

_dZkijho"^Wi"]hemd"Wbed]"i_Z["WZlWdY[i"_d"[b[Yjhed_Yi"Z[i_]d."P^[

j^[hcWb"WdWboi_i"h[iekhY[i"i[Yj_ed"Wj"j^["[dZ"e\"j^_i"ZeYkc[dj"fhel_Z[i

W"ki[\kb"_djheZkYj_ed"je"iec["_dZkijho"h[iekhY[i.

HQTAKJw Lem[h"H_]^j"OekhY[i

Index

EdjheZkYj_ed ".".".".".".".".".".".".".".".".".".1

I_d_ckc"D[Wj"O_da"N[gk_h[c[dji ".2

P^[hcWb"IeZ[b_d] ".".".".".".".".".".".".".".2

Edfkji/Kkjfkj"e\"j^["P^[hcWb"IeZ[b 4

D[Wj"O_da"?^WhWYj[h_pWj_ed" ".".".".".".4

=jjWY^c[dj"je"D[Wj"O_dai" ".".".".".".".7

>[ij"LhWYj_Y[i"\eh"P^[hcWb"@[i_]d"".8

AlWbkWj_d]"Uekh"@[i_]d" ".".".".".".".".".8

RWb_ZWj_ed"e\"I[j^eZ ".".".".".".".".".".".11

P^[hcWb"@[i_]d"Qi_d]

Astera-Chauvet EX1013
U.S. Patent No. 7,651,245



Minimum Heat Sink Requirements
=bb"HQTAKJ"fheZkYji"cekdj[Z"ed"Wd"Wbkc_dkc,"c[jWb!Yeh[

fh_dj[Z"Y_hYk_j"XeWhZ"(I?L?>,"Wbie"YWbb[Z"H[l[b"2"fheZkYji)

YWd"X["b_j"ekj"e\"j^["Xen,"j^ek]^"m["Ze"dej"h[Yecc[dZ

b_]^j_d]"j^["BbeeZ"\eh"ceh["j^Wd"W"\[m"i[YedZi"m_j^ekj"Wd

WZZ_j_edWb"^[Wj"i_da."

=i"W"hkb[,"fheZkYj"Wffb_YWj_edi"ki_d]"HQTAKJ"Lem[h"H_]^j

OekhY[i"h[gk_h["cekdj_d]"je"W"^[Wj"i_da"\eh"fhef[h"j^[hcWb

cWdW][c[dj"_d"Wbb"ef[hWj_d]"YedZ_j_edi."@[f[dZ_d]"ed"j^[

Wffb_YWj_ed,"j^_i"^[Wj"i_da"YWd"X["Wi"i_cfb["Wi"W"\bWj,

Wbkc_dkc"fbWj[."

P^["HQTAKJ"OjWh,"H_d["WdZ"N_d]"fheZkYji"Yedi_ij"e\"HA@i

cekdj[Z"ed"I?L?>"_d"lWh_eki"Yed\_]khWj_edi"(i[["j^[

LUXEON Product Guide)."P^[i["fheZkYji"^Wl["1"_d2 e\

I?L?>"f[h"[c_jj[h."P^["I?L?>"WYji"Wi"Wd"[b[Yjh_YWb"_dj[h!

Yedd[Yj,"Wi"m[bb"Wi"W"j^[hcWb"^[Wj"i_da"_dj[h\WY[."S^_b["m[

h[Yecc[dZ"ki_d]"Wd"WZZ_j_edWb"^[Wj"i_da,"j^[i["fheZkYji

YWd"X["ef[hWj[Z"Wj"25x?"m_j^ekj"ed[."P^["I?L?>"YWd"][j

l[ho"^ej"(q70x?)"m_j^ekj"W"^[Wj"i_da."Qi["Wffhefh_Wj[

fh[YWkj_edi.

="HQTAKJ"BbeeZ"i^ekbZ"X["cekdj[Z"je"W"^[Wj"i_da"X[\eh[

X[_d]"_bbkc_dWj[Z"\eh"ceh["j^Wd"W"\[m"i[YedZi."="\bWj

Wbkc_dkc"fbWj["m_j^"Wd"Wh[W"e\"WXekj"36"_d2 (6#"n"6#"n

0.0625#"j^_Ya)"_i"WZ[gkWj["m^[d"ef[hWj_d]"Wj"25x?.

Thermal Modeling
P^["fkhfei["e\"j^[hcWb"ceZ[b_d]"_i"je"fh[Z_Yj"j^["`kdYj_ed

j[cf[hWjkh["(P`kdYj_ed)."P^["mehZ"#`kdYj_ed#"h[\[hi"je"j^["f!d

`kdYj_ed"m_j^_d"j^["i[c_YedZkYjeh"Z_[."P^_i"_i"j^["h[]_ed"e\

j^["Y^_f"m^[h["j^["f^ejedi"Wh["Yh[Wj[Z"WdZ"[c_jj[Z."Uek

YWd"\_dZ"j^["cWn_ckc"h[Yecc[dZ[Z"lWbk["\eh"[WY^

HQTAKJ"fheZkYj"_d"oekh"ZWjW"i^[[j."P^_i"i[Yj_ed"Z[iYh_X[i

^em"je"Z[j[hc_d["j^["`kdYj_ed"j[cf[hWjkh["\eh"W"]_l[d"Wffb_!

YWj_ed"ki_d]"W"j^[hcWb"ceZ[b.

=."P^[hcWb"N[i_ijWdY["IeZ[b
Kd["e\"j^["fh_cWho"cWj^[cWj_YWb"jeebi"ki[Z"

_d"j^[hcWb"cWdW][c[dj"Z[i_]d"_i"j^[hcWb"h[i_ijWdY["(N!).

P^[hcWb"h[i_ijWdY["_i"Z[\_d[Z"Wi"j^["hWj_e"e\"j[cf[hWjkh[

Z_\\[h[dY["je"j^["Yehh[ifedZ_d]"fem[h"Z_ii_fWj_ed."P^[

el[hWbb"N!FkdYj_ed!=cX_[dj"(F!=) e\"W"HQTAKJ"Lem[h"H_]^j"OekhY[

fbki"W"^[Wj"i_da"_i"Z[\_d[Z"_d"AgkWj_ed"1:"

S^[h[:

"P" <"PFkdYj_ed !"P=cX_[dj (x?)

LZ <"Lem[h"Z_ii_fWj[Z"(S)

LZ <"BehmWhZ"Ykhh[dj"(E\)"*"BehmWhZ"lebjW]["(R\)

D[Wj"][d[hWj[Z"Wj"j^["`kdYj_ed"jhWl[bi"\hec"j^["Z_["Wbed]"

j^["\ebbem_d]"i_cfb_\_[Z"j^[hcWb"fWj^:"`kdYj_ed!je!ibk],"

ibk]!je!XeWhZ,"WdZ"XeWhZ!je!WcX_[dj"W_h.

Beh"ioij[ci"_dlebl_d]"YedZkYj_ed"X[jm[[d"ckbj_fb["ikh\WY[i

WdZ"cWj[h_Wbi,"W"i_cfb_\_[Z"ceZ[b"e\"j^["j^[hcWb"fWj^"_i"W

i[h_[i!j^[hcWb"h[i_ijWdY["Y_hYk_j,"Wi"i^emd"_d"B_]kh["1=."P^[

el[hWbb"j^[hcWb"h[i_ijWdY[""(N!F!=)"e\"Wd"Wffb_YWj_ed"YWd"X[

[nfh[ii[Z"Wi"j^["ikc"e\"j^["_dZ_l_ZkWb"h[i_ijWdY[i"e\"j^[

j^[hcWb"fWj^"\hec"`kdYj_ed"je"WcX_[dj"(AgkWj_ed"2)."P^["Yehh[!

ifedZ_d]"Yecfed[dji"e\"[WY^"h[i_ijWdY["_d"j^["^[Wj"fWj^

Wh["i^emd"_d"B_]kh["1>."P^["f^oi_YWb"Yecfed[dji"e\"[WY^

h[i_ijWdY["b_["X[jm[[d"j^["h[if[Yj_l["j[cf[hWjkh["deZ[i.

N!FkdYj_ed!=cX_[dj <"N!FkdYj_ed!Obk] +"N!Obk]!>eWhZ +"N!>eWhZ!=cX_[dj

S^[h[:

N!FkdYj_ed!Obk](F!O)" <"N! e\"j^["Z_["WjjWY^"YecX_d[Z"m_j^

Z_["WdZ"ibk]"cWj[h_Wb"_d"YedjWYj"m_j^

j^["Z_["WjjWY^."

N!Obk]!>eWhZ"(O!>) < N! e\"j^["[feno"YecX_d[Z"m_j^"ibk]

WdZ"XeWhZ"cWj[h_Wbi"_d"YedjWYj"m_j^

j^["[feno.

N!>eWhZ!=cX_[dj"(>!=)" < j^["YecX_d[Z"N! e\"j^["ikh\WY[

YedjWYj"eh"WZ^[i_l["X[jm[[d"j^["^[Wj

i_da"WdZ"j^["XeWhZ"WdZ"j^["^[Wj"i_da

_dje"WcX_[dj"W_h."

P^[hcWb"@[i_]d"Qi_d]"HQTAKJ"Lem[h"H_]^j"OekhY[i""=ff">h_[\"=>05"(4/06) 2

FkdYj_ed =cX_[dj

FkdYj_ed =cX_[dj
Z

P
N

L

+

+

"
! (

Equation 1.  Definition of Thermal Resistance

P = V F * I F

TJunction

TSlug

TBoard

TAmbient

R!J-S

R!S-B

R!B-A

d

Figure 1A.  Series Resistance Thermal Count
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Figure 1B.  Emitter Cut Away

Equation 2.  Thermal Resistance Model
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3

AgkWj_ed"3,"Z[h_l[Z"\hec"AgkWj_ed"1"YWd"X["ki[Z"je"

YWbYkbWj["j^["`kdYj_ed"j[cf[hWjkh["e\"j^["HQTAKJ"Z[l_Y[.

PFkdYj_ed <"P= +"(LZ)(N!F!=)

S^[h[:

P= < =cX_[dj"j[cf[hWjkh[

LZ < Lem[h"@_ii_fWj[Z"(S)"<"BehmWhZ"Ykhh[dj"

(E\")"*"BehmWhZ"lebjW]["(R\"")

N!F!= < P^[hcWb"h[i_ijWdY["`kdYj_ed"je"WcX_[dj

>."P^[hcWb"N[i_ijWdY["e\"HQTAKJ"H_]^j
OekhY[i
Ed"HQTAKJ"Lem[h"H_]^j"OekhY[i,"Hkc_b[Zi"^Wi"efj_c_p[Z"

j^["`kdYj_ed!je!XeWhZ"j^[hcWb"fWj^"je"c_d_c_p["j^["j^[hcWb

h[i_ijWdY[."P^["j^[hcWb"h[i_ijWdY["e\"W"HQTAKJ"[c_jj[h"(dej

cekdj[Z"ed"Wd"I?L?>,"Wbie"YWbb[Z"W"H[l[b"1)"_i"h[fh[i[dj[Z

Xo"N!F!O.

P^["j^[hcWb"h[i_ijWdY["e\"HQTAKJ"Lem[h"H_]^j"OekhY[i

(I?L?>"cekdj[Z,"Wbie"YWbb[Z"W"H[l[b"2)"h[fh[i[dj_d]"Xo"

N!F!>,"[gkWb"je:"

N!F!> <"N!F!O +"N!O!>

Pof_YWb"lWbk[i"\eh"N! Wh["i^emd"_d"PWXb["2.

Table 2  Typical LUXEON Thermal Resistance

LUXEON Power

Light Sources LUXEON Emitter

(N!F!>) MCPCB (N!F!>) MCPCB

Mounted Mounted

Enter Description Level 2 Level 1

>Wjm_d]"(Wbb"Yebehi)

HWcX[hj_Wd"(Ch[[d,"?oWd, 17x?/S 15x?/S
>bk[,"NeoWb">bk[)

HWcX[hjW_d"(N[Z,

N[Z!ehWd][,"=cX[h) 20x?/S 18x?/S

x?/S"<"x?[bY_ki"("P)"/"SWjji"(LZ)

Jej[:""?edikbj"Ykhh[dj"ZWjW"i^[[j"\eh"N!F!O"WdZ"N!F!>

?."P^[hcWb"N[i_ijWdY["e\"Ikbj_fb["HQTAKJ
LheZkYji
P^["jejWb"ioij[c"j^[hcWb"h[i_ijWdY["e\"ckbj_fb[![c_jj[h

HQTAKJ"LheZkYji"ikY^"Wi"j^["HQTAKJ"H_d[,"N_d]"eh

ckbj_fb["OjWhi"YWd"X["Z[j[hc_d[Z"ki_d]"j^["fWhWbb[b"

j^[hcWb"h[i_ijWdY["ceZ[b"Wi"i^emd"_d"B_]kh["2."Ed"j^_i

ceZ[b,"[WY^"[c_jj[h"_i"h[fh[i[dj[Z"Xo"_dZ_l_ZkWb,"fWhWbb[b

j^[hcWb"h[i_ijWdY[i.

P^["N!F!> e\"j^["ckbj_fb[![c_jj[h"WhhWo"_i"eXjW_d[Z"Xo"ki_d]

j^["fWhWbb[b"h[i_ijWdY["[gkWj_ed:

=bb"j^["fWhWbb[b"h[i_ijWdY[i"YWd"X["Wiikc[Z"[gk_lWb[dj,"ie

j^["[gkWj_ed"X[Yec[i:

eh:"

S^[h[:

HA@"Ac_jj[h"N!FkdYj_ed!>eWhZ <"N!FkdYj_ed!Obk] +"N!Obk]!>eWhZ

J"<"JkcX[h"e\"[c_jj[hi

Beh"[nWcfb[,"_d"W"HQTAKJ"H_d[,"j^[h["Wh["12"[c_jj[hi,

J<12."P^["HQTAKJ"H_d["ki[i"W"XWjm_d]"[c_jj[h;"j^[h[\eh[,

j^["PejWb"=hhWo"N!F!> _i:"(17x?/S)/12"<"1.42x?/S.

P^["PejWb"=hhWo"N!FkdYj_ed!=cX_[dj(F!=) \eh"j^["HQTAKJ"H_d["_i:

PejWbV=hhWoV"N!FkdYj_ed!=cX_[dj<1.42"+"N!>eWhZ!=cX_[dj

P^["PejWb"=hhWo"@_ii_fWj[Z"Lem[h"ckij"X["ki[Z"_d"Wdo"YWbYk!

bWj_edi"m^[d"ki_d]"W"PejWb"=hhWo"j^[hcWb"h[i_ijWdY["ceZ[b.

P^["PejWb"=hhWo"@_ii_fWj[Z"Lem[h"_i"j^["ikc"e\"RB *"EB \eh"Wbb

j^["[c_jj[hi.

S^[h[:

"P" < PFkdYj_ed !"P=cX_[dj (x?)

LZVPejWb < PejWb"=hhWo"@_ii_fWj[Z"Lem[h"(S)"""

P^[hcWb"@[i_]d"Qi_d]"HQTAKJ"Lem[h"H_]^j"OekhY[i""=ff">h_[\"=>05"(4/06)

Equation 3.  Junction Temperature Calculation

Equation 4.  Multiple Emitter to Single Emitter 

Thermal Resistance Relation

LED
1

…

…

…

TJunction

TSlug

TBoard

TAmbient

LED
2

LED
3

LED
4

LED
N

R! Junction-Slug

R!Slug -Board

R!Board-Ambient

Figure 2.  Parallel Thermal Resistance Model 

of Multiple Emitter Products

FkdYj_ed >eWhZ FkdYj_ed >eWhZ FkdYj_ed >eWhZ

1 1 1
...

PejWbV=hhWoVN HA@(1)VN HA@(J)VN
+ + +

( & &
! ! !

FkdYj_ed >eWhZ FkdYj_ed >eWhZ

1 J

PejWb V =hhWo VN HA@ VAc_jj[h VN
+ +

(
! !

FkdYj_ed >eWhZ
FkdYj_ed >eWhZ

HA@ VAc_jj[h VN
PejWbV=hhWoVN

J

+

+

!
! (

F!=

Z V PejWb

P
PejWb"=hhWo"N ""

L

"
! (

Equation 5. Thermal Resistance of a Multiple Emitter Array
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P^[hcWb"@[i_]d"Qi_d]"HQTAKJ"Lem[h"H_]^j"OekhY[i""=ff">h_[\"=>05"(4/06) 4

Inputs/Output of the Thermal
Model
Uek"YWd"ki["W"j^[hcWb"ceZ[b"je"fh[Z_Yj"j^["`kdYj_ed"j[cf[h!

Wjkh["(PF)"\eh"oekh"Wffb_YWj_ed."P^_i"i[Yj_ed"Z_iYkii[i"i[jj_d]

W"]eWb"\eh"W"cWn_ckc"PF Wi"m[bb"Wi"j^["lWh_WXb[i"_d"j^["h_]^j!

^WdZ!i_Z["e\"AgkWj_ed"3"X[bem."Uek"YWd"ki["lWh_WXb[i"_d"j^[

j^[hcWb"ceZ[b"Wi"Yedjheb"\WYjehi"_d"oekh"Wffb_YWj_ed"Z[i_]d.

PFkdYj_ed <"P=cX_[dj +"(LZ)(N!FkdYj_ed!=cX_[dj)

=."O[j"H_c_j"\eh"FkdYj_ed"P[cf[hWjkh["(PF)
CeeZ"j^[hcWb"Z[i_]d"_dYehfehWj[i"PF"b_c_ji"XWi[Z"ed"j^h[[

\WYjehi:"

1. H_]^j"ekjfkj"m_j^"PF h_i[

2. ?ebeh"i^_\j"m_j^"PF h_i["

3. N[b_WX_b_jo"

?edikbj"LUXEON Custom Design Guide \eh"ceh["Z[jW_b[Z

_d\ehcWj_ed"ed"b_]^j"ekjfkj"WdZ"Yebeh"i^_\j"m_j^"h_i["_d"PF.

1.  Light Output with Temperature Rise

HA@i"[nf[h_[dY["W"h[l[hi_Xb["beii"e\"b_]^j"ekjfkj"Wi"j^["PF

_dYh[Wi[i."P^["bem[h"j^["PF _i"a[fj,"j^["X[jj[h"j^["bkc_deki

[\\_Y_[dYo"e\"j^["fheZkYj"(_.[."j^["X[jj[h"j^["b_]^j"ekjfkj)."H_]^j

ekjfkj"\hec"h[Z,"h[Z!ehWd]["WdZ"WcX[h"[c_jj[hi"(XWi[Z"ed

=bEdCWL"HA@"j[Y^debe]o)"Wh["ceh["i[di_j_l["je"_dYh[Wi[i"_d

`kdYj_ed"j[cf[hWjkh["j^Wd"ej^[h"Yebehi.

=d"[nWcfb["e\"b_]^j"ekjfkj"beii"WiieY_Wj[Z"m_j^"j[cf[hWjkh[

h_i["eYYkhi"m_j^"jhW\\_Y"i_]dWbi."O_]dWbi"j^Wj"Wh["i_cfbo"h[jhe!

\_jj[Z"m_j^"HA@"iekhY[i"cWo"dej"WYYekdj"WZ[gkWj[bo"\eh"^[Wj

Z_ii_fWj_ed."=i"j[cf[hWjkh[i"h_i["Zkh_d]"j^["ZWo,"j^["i_]dWbi

cWo"Z_c."N[Z[i_]d_d]"j^["i_]dWb"^eki_d]"je"fhel_Z["W_h\bem

je"Yeeb"j^["Yecfed[dji"Wbb[l_Wj[i"j^_i"YedZ_j_ed.

P^["Y^Whj"ed"j^["HQTAKJ"fheZkYj"ZWjW"i^[[j"m_bb"^[bf"oek

Z[j[hc_d["W"cWn_ckc"PF"XWi[Z"ed"j^["b_]^j"ekjfkj"h[gk_h[!

c[dji"e\"oekh"Wffb_YWj_ed.

2.  Color Shift with Temperature Rise

Ac_jj[h"Yebeh"YWd"i^_\j"ib_]^jbo"je"^_]^[h"mWl[b[d]j^i"m_j^"PF

h_i[."O^_\j"lWbk[i"gkWdj_\o_d]"j^_i"[\\[Yj"Wh["_dYbkZ[Z"_d"j^[

HQTAKJ"?kijec"@[i_]d"Ck_Z[."N[Z,"N[Z!KhWd]["WdZ

=cX[h"Yebeh"[c_jj[hi"Wh["j^["ceij"i[di_j_l["je"j^_i"[\\[Yj,

Wbj^ek]^"j^["^kcWd"[o["_i"ceh["i[di_j_l["je"Yebeh"Y^Wd][i

_d"j^["WcX[h"h[]_ed."P^["_cfehjWdY["e\"j^_i"[\\[Yj"Z[f[dZi

ed"j^["Yebeh"hWd]["h[gk_h[c[dji"\eh"j^["Wffb_YWj_ed."E\"j^[

Wbbem[Z"Yebeh"hWd]["_i"l[ho"icWbb,"oek"m_bb"d[[Z"je"WYYekdj

\eh"Yebeh"i^_\j"m^[d"i[jj_d]"oekh"cWn_ckc"PF ]eWb."

3.  Reliability-Based Temperature Ratings

Pe"[dikh["j^["h[b_WXb["ef[hWj_ed"e\"HQTAKJ"Lem[h"H_]^j

OekhY[i,"eXi[hl["j^["WXiebkj["cWn_ckc"j^[hcWb"hWj_d]i"\eh

j^["HA@i"fhel_Z[Z"_d"PWXb["1."P^["cWn_ckc"PF _i"XWi[Z"ed

j^["WbbemWXb["j^[hcWb"ijh[ii"e\"j^["i_b_Yed["[dYWfikbWj["j^Wj

ikhhekdZi"Z_[.

Table 1.   Maximum Thermal Ratings.

Parameter Maximum 

HA@"FkdYj_ed"P[cf[hWjkh[ 120

=bkc_dkc!?eh["L?>"P[cf[hWjkh[ 105

OjehW][/Kf[hWj_d]"P[cf[hWjkh[:

HQTAKJ"LheZkYji"m_j^ekj"efj_Yi

(OjWh,"OjWh/?) !40"je"105

HQTAKJ"LheZkYji"m_j^"efj_Yi

(OjWh/K,"H_d[,"N_d]) !40"je"75

>."=ii[ii"=cX_[dj"P[cf[hWjkh["?edZ_j_edi
P^["Z[i_]d[h"ckij"jWa["_dje"WYYekdj"j^["cWn_ckc"WcX_[dj

j[cf[hWjkh["(P= )"j^["HQTAKJ"Lem[h"H_]^j"OekhY["m_bb"[nf[!

h_[dY["el[h"_ji"b_\[j_c[."Ed"ceij"YWi[i,"oek"YWd"ki["fheZkYj

ijWdZWhZi"je"Z[j[hc_d["j^["mehij"YWi["P=."Kj^[hm_i[,"ki[

h[fh[i[djWj_l["cWn_ckc"P= c[Wikh[c[dji.""Lb[Wi["dej["j^Wj

j^["WcX_[dj"j[cf[hWjkh[i"i^ekbZ"_dYbkZ["ej^[h"iekhY[i"e\

^[Wj"ikY^"Wi"[b[Yjhed_Yi"eh"^[Wj_d]"Zk["je"ikd"[nfeikh[.

?."Lem[h"@_ii_fWj[Z"
P^["Z_ii_fWj[Z"fem[h"(LZ)"YWd"X["Z[j[hc_d[Z"Wi"j^["\ehmWhZ

lebjW]["(R\)"e\"j^["[c_jj[h"j_c[i"j^["\ehmWhZ"Ykhh[dj"(E\)."P^[

fehj_ed"e\"fem[h"[c_jj[Z"Wi"l_i_Xb["b_]^j"(WXekj"10%)"_i"d[]b_!

]_Xb["\eh"j^[hcWb"Z[i_]d.

@."=ZZ"D[Wj"O_da"je"IeZ[b"
P^["N!>!= Yecfed[dj"e\"N!F!= (i[["B_]kh["1=)"h[fh[i[dji

j^["^[Wj"i_da"WdZ"WjjWY^c[dj"_dj[h\WY[."P^["h[ifedi_X_b_jo"

\eh"j^["fhef[h"i[b[Yj_ed"e\"j^["^[Wj"i_da"j^[hcWb"h[i_ijWdY[,

N!>!=,"b_[i"m_j^"j^["[d]_d[[h"ki_d]"j^["fheZkYj."="fheY[ii"

\eh"i[b[Yj_d]"N!>!= _i"[nfbW_d[Z"_d"j^["[nWcfb[i"j^Wj"\ebbem.

IWdo"h[iekhY[i"[n_ij"je"Wii_ij"m_j^"j^_i"i[b[Yj_ed."Oec["Wh[

b_ij[Z"_d"j^["h[iekhY[i"i[Yj_ed"Wj"[dZ"e\"j^_i"ZeYkc[dj."P^[

\ebbem_d]"i[Yj_ed"fhel_Z[i"WZZ_j_edWb"]k_ZWdY["je"^[bf"oek

Z[j[hc_d["j^["ceij"ik_jWXb["^[Wj"i_da"\eh"oekh"Wffb_YWj_ed.

Heat Sink Characterization 

=."AnfbWdWj_ed"e\"@WjW"?^Whji"
1.  Test Set Up

S["j[ij[Z"iec["jof_YWb"^[Wj"i_da"Yed\_]khWj_edi"ed"HQTAKJ

OjWhi"WdZ"BbeeZi"_dYbkZ_d]"Xej^"\_dd[Z"WdZ"\bWj"^[Wj"i_dai.

S["ki[Z"j^["\ebbem_d]"j[ij"YedZ_j_edi:"\h[["(eh"dWjkhWb)

Yedl[Yj_ed"[dl_hedc[dj"m_j^"de"\Wd"(B_]kh[i"3=,"3>,"3?"WdZ

3@)"WdZ"\ehY[Z"Yedl[Yj_ed"_d"W"icWbb"m_dZ"jkdd[b"(B_]kh["3A)."

P^["HQTAKJ"OjWhi"j[ij[Z"Z_Z"dej"^Wl["efj_Yi."P^["efj_Yi"Ze

dej"W\\[Yj"j^["N!F!> e\"j^["HQTAKJ"[c_jj[h;"^em[l[h,

Z[f[dZ_d]"ed"j^["eh_[djWj_ed,"j^[o"cWo"W\\[Yj"j^["Yedl[Yj_ed

\bem"el[h"j^["WjjWY^[Z"^[Wj"i_da.
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S["j[ij[Z"jme"jof[i"e\"^[Wj"i_dai:"\_dd[Z"^[Wj"i_dai"WdZ"\bWj

fbWj[i."=bb"^[Wj"i_dai"m[h["Wbkc_dkc,"m^_Y^"_i"jof_YWbbo"j^[

X[ij"Y^e_Y["X[YWki["e\"_ji"[nY[bb[dj"j^[hcWb"YedZkYj_l_jo"WdZ

h[WZo,"bem!Yeij"WlW_bWX_b_jo."S["j[ij[Z"i[l[hWb"Z_\\[h[dj"i_p[i

e\"\bWj"^[Wj"i_dai"WdZ"jme"i_p[i"e\"\_dd[Z"^[Wj"i_dai."

S["j[ij[Z"iec["iWcfb[i"_d"\h[["Yedl[Yj_ed"eh_[dj[Z"Xej^

^eh_pedjWbbo"WdZ"l[hj_YWbbo,"Wi"_bbkijhWj[Z"_d"B_]kh[i"3>,"3?"

WdZ"3@.

B_dd[Z"^[Wj"i_dai"m[h["j[ij[Z"_d"W"icWbb"m_dZ"jkdd[b

[dYbei[Z"_d"W"Yedjheb"lebkc[."B_]kh["3A"i^emi"j^["\ehY[Z"

W_h"i[j!kf."S["ki[Z"j^["iWc["i[j!kf"je"Y^WhWYj[h_p["j^[

\_dd[Z"^[Wj"i_dai"_d"\h[["Yedl[Yj_ed"Xo"jkhd_d]"j^["\Wd"e\\

(B_]kh["3=)."

S["ikif[dZ[Z"j^["\_dd[Z"^[Wj"i_da"ie"j^Wj"W_h"YekbZ"Y_hYkbWj[

kdZ[hd[Wj^"_j.

S["ki[Z"c[Y^Wd_YWb"\Wij[d[hi"je"cekdj"j^["HQTAKJ"OjWhi.

P^["cekdj_d]"ikh\WY["e\"j^["^[Wj"i_da"mWi"iceej^"WdZ

b_]^jbo"feb_i^[Z."S["Z_Z"dej"ki["j^[hcWb"]h[Wi[."

S["hWd"Wbb"j[iji"_d"W"Ybei[Z"lebkc["j[ij"Xen"je"Yedjheb"j^[

\h[["Yedl[Yj_ed"WdZ"je"_cfhel["h[f[WjWX_b_jo."S["cWZ["Wbb

c[Wikh[c[dji"Wj"ij[WZo"ijWj["YedZ_j_edi."Ed_j_Wb"WcX_[dj

YedZ_j_edi"m[h["dec_dWbbo"25x?,"Xkj"j^["WcX_[dj"j[cf[hW!

jkh["_dYh[Wi[Z"Wi"j^["HA@i"h[WY^[Z"ij[WZo!ijWj[

j[cf[hWjkh[i.

2.  Heat Sink Characterization Chart Format

P^["\ebbem_d]"Y^Whji"(B_]kh[i"4"je"9)"Wh["_dj[dZ[Z"je"]k_Z[

j^["Z[i_]d"[d]_d[[h"_d"i[b[Yj_d]"j^["i_p["WdZ"jof["e\"^[Wj

i_da"h[gk_h[Z"\eh"Wd"Wffb_YWj_ed."P^["Y^Whji"\eh"25"cc

ifWY[Z"[c_jj[hi"_d"B_]kh[i"4"je"8"i^em"N!>!= ed"j^["o!Wn_i

li."^[Wj"i_da"Wh[W"h[gk_h[Z"f[h"[c_jj[h"ed"j^["n!Wn_i."P^[

Y^Whj"\eh"Z[di[bo"ifWY[Z"[c_jj[hi"_d"B_]kh["9"i^emi"N!>!=

li."^[Wj"i_da"Wh[W"h[gk_h[Z"\eh"j^["[dj_h["WhhWo."P^["^[Wj"i_da

jof["WdZ"j[ij"i[j!kf"(B_]kh[i"3="je"3A)"_i"h[\[h[dY[Z"_d"j^[

j_jb["WdZ"Z_iYkii_ed"e\"[WY^"Y^Whj."

3.  Definition of Heat Sink Size

P^["\ebbem_d]"Y^Whji"gkWdj_\o"^[Wj"i_da"i_p["_d"jme"mWoi."P^[

j[hc"#[nfei[Z"ikh\WY["Wh[W#"_i"j^["ikc"jejWb"e\"Wbb"ikh\WY[i

e\"j^["^[Wj"i_da"[nfei[Z"je"Yedl[Yj_ed."P^["#\eejfh_dj"Wh[W#

gkWdj_\_[i"j^["fhe`[Yj[Z"Wh[W"e\"j^["^[Wj"i_da"Wi"i^emd"_d

\ebbem_d]"Z_W]hWc."

="\_dd[Z"^[Wj"i_da"YWd"\_j"ceh["[nfei[Z"ikh\WY["Wh[W"_d"W

]_l[d"\eej"fh_dj"j^Wd"W"\bWj"^[Wj"i_da.

>."D[Wj"O_da"?^WhWYj[h_pWj_ed"?^Whji"!"25cc
Ac_jj[h"OfWY_d]""
S^[d"HQTAKJ"[c_jj[hi"Wh["ifWY[Z"Wj"b[Wij"25"cc"WfWhj,

[WY^"WYji"Wi"W"Z_iYh[j["^[Wj"iekhY[."P^["Y^Whji"_d"\_]kh[i"4

je"8"m_bb"^[bf"oek"i_p["^[Wj"i_dai"\eh"j^["HQTAKJ"OjWh,"H_d[

WdZ"N_d]"Wi"m[bb"Wi"Ykijec"XeWhZi"m_j^"_dZ_l_ZkWb"[c_jj[hi

ifWY[Z"25"cc"eh"\khj^[h"WfWhj."P^[i["Y^Whji"i^ekbZ"Wbie"X[

^[bf\kb"_d"Y^WhWYj[h_p_d]"^[Wj"i_dai"\eh"Ykijec"XeWhZi"m_j^

[c_jj[h"ifWY_d]"Wi"Z[di["Wi"20"cc."Beh"XeWhZi"m_j^"ceh[

Z[di[bo"ifWY[Z"[c_jj[hi,"ki["j^["Y^Whj"_d"O[Yj_ed"?."P^[

\ebbem_d]"_d"B_]kh[i"4"je"8"i^em"N!>!= li."^[Wj"i_da"Wh[W

h[gk_h[Z"f[h"[c_jj[h"_d"oekh"Wffb_YWj_ed.

P^[hcWb"@[i_]d"Qi_d]"HQTAKJ"Lem[h"H_]^j"OekhY[i""=ff">h_[\"=>05"(4/06) 5

Vertical Supports
Fins

vertical

Insulating foam

Wind tunnel

Fan

HS fins parallel

to forced air flow

Figure 3.A.  Finned Horz. Figure 3.B.  Finned Vert.

Figure 3.C.  Flat Horz.

Figure 3.E.  Finned Horz. in Wind Tunnel

Figure 3.D.  Flat Vert.
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Figure 4.  R!>eWhZ!=cX_[dj per Emitter vs. Foot Print Area

Flat Heat Sink, 0.09" (2.3 mm) Horizontal on insulating foam

Set up in Figure 3C.         Solid Line: Linear Fit of Data
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2.  Horizontal, Flat Heat Sink (Fig. 3C) in Free (Natural)

Convection

=i"[nfei[Z"ikh\WY["Wh[W"_dYh[Wi[i,"j^[hcWb"h[i_ijWdY[

Z[Yh[Wi[i."B_]kh["4"_bbkijhWj[i"j^_i"h[bWj_edi^_f"m_j^"W"\bWj,

^eh_pedjWb"^[Wj"i_da,"m^_Y^"_i"Ybei["je"b_d[Wh.

Ed"j^["^eh_pedjWb"eh_[djWj_ed,"edbo"W"i_d]b[,"kfmWhZ!\WY_d]

ikh\WY["e\"j^["\bWj"^[Wj"i_da"_i"[nfei[Z"je"Yedl[Yj_ed."P^[

Xejjec"ikh\WY["YedjWYji"j^["_dikbWj_d]"\eWc."P^_i"_i"j^["b[Wij

[\\_Y_[dj"eh_[djWj_ed"\eh"Yedl[Yj_ed,"h[ikbj_d]"_d"j^["^_]^[ij

[nf[Yj[Z"j^[hcWb"h[i_ijWdY[.

3.  Horizontal (Fig. 3C) vs. Vertical Orientation (Fig. 3D) in

Free Convection

S^[d"j^["\bWj"^[Wj"i_da"_i"eh_[dj[Z"l[hj_YWbbo,"j^["ikh\WY["Wh[W

ZekXb[i,"Wi"Xej^"i_Z[i"Wh["[nfei[Z"je"\h[["Yedl[Yj_ed."P^_i

h[ikbji"_d"W"ceh["[\\_Y_[dj"^[Wj"i_da"m_j^_d"j^["iWc["\eej"fh_dj

Wh[W."P^_i"[\\[Yj"_i"_bbkijhWj[Z"m_j^"h[if[Yj"je"j^["\eej"fh_dj

Wh[W"_d"B_]kh["5."

Ed"j^["l[hj_YWb"eh_[djWj_ed,"j^["j^[hcWb"h[i_ijWdY["Z[Yh[Wi[i

dej_Y[WXbo"Wi"j^["[nfei[Z"ikh\WY["Wh[W"ZekXb[i."P^["jejWb

ikh\WY["Wh[W"e\"j^["^eh_pedjWb"^[Wj"i_da"[gkWbi"j^["\eej"fh_dj

Wh[W."Beh"j^["l[hj_YWb"^[Wj"i_da,"j^["jejWb"ikh\WY["Wh[W"_i

ZekXb["j^["\eej"fh_dj"Wh[W."

P^["l[hj_YWb"^[Wj"i_da"_i"Wbie"ceh["[\\_Y_[dj"Zk["je"j^["dWjkh[

e\"\h[["Yedl[Yj_ed.">ekoWdj,"mWhc"W_h"cel_d]"el[h"W"l[hj_YWb

ikh\WY["_i"ceh["[\\_Y_[dj"j^Wd"W_h"j^Wj"cel[i"l[hj_YWbbo"WmWo

\hec"W"^eh_pedjWb"ikh\WY[.

=i"j^["\eej"fh_dj"Wh[Wi"WffheWY^"9_d2,"j^["N!>!= e\"j^["jme

eh_[djWj_edi"X[]_d"je"Yedl[h][."P^_i"_dZ_YWj[i"j^Wj"Wi"\eej

fh_dj"Wh[Wi"WffheWY^"9_d2 f[h"[c_jj[h,"^[Wj"i_da"eh_[djWj_ed"_i

dej"_d\bk[dY_Wb."=bie,"m_j^"Wh[Wi"]h[Wj[h"j^Wd"9_d2 f[h"[c_jj[h,

j^[h["Wh["Z_c_d_i^_d]"h[ZkYj_edi"_d"j^["N!>!=."P^["bem[h"b_c_j

\eh"N!>!= m_j^"_dYh[Wi_d]"Wh[W"m_bb"WffheWY^"WXekj"10"je"11

x?/S.

4.  Range of Efficiency with Flat Heat Sinks

P^["jme"YedZ_j_edi"i^emd"_d"B_]kh["5"h[fh[i[dj"j^["ceij

[\\_Y_[dj"(l[hj_YWb,"2"Yedl[Yj_l["ikh\WY[i)"WdZ"b[Wij"[\\_Y_[dj

(^eh_pedjWb"ed"bem!YedZkYj_d]"_dikbWj_d]"\eWc)"Yed\_]khWj_edi

e\"W"\bWj"^[Wj"i_da."Ieij"Wffb_YWj_edi"fheXWXbo"\Wbb"iec[

m^[h["_d"X[jm[[d."

S^[d"i[b[Yj_d]"W"^[Wj"i_da"\eh"oekh"Wffb_YWj_ed,"oek"m_bb"d[[Z

je"Z[j[hc_d["j^["ceij"YecfWhWXb["YedZ_j_ed."Uek"m_bb"Wbie

d[[Z"je"Wii[ii"ej^[h"\WYjehi"j^Wj"c_]^j"cWa["j^["N!>!= e\

j^["bWh][h"eh"icWbb[h"j^Wd"j^["[njh[c[i"i^emd"_d"B_]kh["5.

Iekdj_d]"j^["^[Wj"i_da"je"W"YedZkYj_l["ikh\WY["eh"Wj"W"45x

Wd]b[,"\eh"[nWcfb[,"Wh["Xej^"\WYjehi"j^Wj"mekbZ"h[ZkY["j^[

N!>!= YecfWh[Z"je"j^["^eh_pedjWb"eh_[djWj_ed"_d"B_]kh["5.

5.  Finned (Fig. 3A) vs. Flat Heat Sinks (Fig. 3C) in Free

(Natural) Convection

S["j[ij[Z"jme"\_dd[Z"^[Wj"i_dai"m_j^"_Z[dj_YWb"2"_d2 \eej"fh_dj

Wh[Wi,"Xkj"Z_\\[h[dj"[nfei[Z"ikh\WY["Wh[Wi."EdYh[Wi_d]"j^[

dkcX[h"WdZ"b[d]j^"e\"\_di"ed"j^["^[Wj"i_da"_dYh[Wi[i"j^[

ikh\WY["Wh[W."P^["\_d"ifWY_d]"mWi"WXekj"0.25"_d."B_]kh["6

i^emi"N!>!= f[h"[nfei[Z"ikh\WY["Wh[W"\eh"\_dd[Z"^[Wj"i_dai

WdZ"\bWj"^[Wj"i_dai."P^["^[Wj"i_dai"fbejj[Z"_d"B_]kh["6"Wh[

^eh_pedjWb"(O[j!kf"B_]kh["3="\eh"\_dd[Z,"B_]kh["3?"\eh"\bWj)."

P^["\_dd[Z"^[Wj"i_dai"h[gk_h[Z"ceh["[nfei[Z"ikh\WY["Wh[W

\eh"W"]_l[d"N!>!= YecfWh[Z"je"j^["\bWj"^[Wj"i_dai."P^_i"i^emi

j^Wj"W"\bWj"^[Wj"i_da"YWd"X["[\\[Yj_l["_d"j^[hcWbbo"cWdW]_d]

HQTAKJ"Lem[h"H_]^j"OekhY[i"m_j^"25"cc"[c_jj[h"ifWY_d]."

Ed"ehZ[h"je"\kbbo"kj_b_p["j^["ikh\WY["Wh[W"ed"j^["\_dd[Z"^[Wj

i_dai,"j^["\_di"ckij"b_["_d"fWhWbb[b"m_j^"j^["Yedl[Yj_ed"W_h\bem.

P^["\_dd[Z"^[Wj"i_dai"mekbZ"fheXWXbo"^Wl["W"ib_]^jbo"bem[h

N!>!= _\"eh_[dj[Z"l[hj_YWbbo"(O[j!kf"B_]kh["3>).
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Figure 5.  R!>eWhZ!=cX_[dj per Emitter in Free Convection 

Vs. Foot Print Area.
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Figure 7.

R!>eWhZ!=cX_[dj per Emitter in Free Conv. 

Horizontal Flat Heat Sink   Set up Fig. 3A vs. Horizontal Finned Heat Sink   

Set up Fig. 3C

Aavid Heat Sink #65245 
Total surface area = 25 in
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6.  Finned Heat Sinks Reduce Foot Print Size

P^["B_]kh["7"i^emi"N!>!= f[h"\eej"fh_dj"Wh[W"\eh"\_dd[Z"^[Wj

i_dai"WdZ"\bWj"^[Wj"i_dai."AWY^"e\"j^["\_dd[Z"^[Wj"i_dai"^WZ"2

_d2 \eejfh_dji."P^["\bWj"^[Wj"i_dai"^Wl["\eejfh_dji"[gkWb"je"j^[

[nfei[Z"Wh[W."="\bWj"^[Wj"i_da"d[[Zi"WXekj"6"_d2 \eejfh_dj"je

cWjY^"j^["N!>!= e\"W"2"_d2 \eej"fh_dj"\_dd[Z"^[Wj"i_da."E\"\eej

fh_dj"i_p["_i"W"cW`eh"Z[i_]d"YedijhW_dj,"W"\_dd[Z"^[Wj"i_da

e\\[hi"Wd"[\\_Y_[dj"iebkj_ed.

P^["bem[h"b_c_j"\eh"N!>!= ki_d]"W"2"_d2 \eejfh_dj"\_dd[Z"^[Wj

i_da"_i"WXekj"10"je"11x?/S."="^[Wj"i_da"jof_YWb"e\"j^_i

f[h\ehcWdY["_i"Wd"==RE@"^[Wj"i_da"[njhki_ed"fWhj"$"65245."

="1.6"_d"b[d]j^"e\"j^_i"^[Wj"i_da"[njhki_ed"^Wi"25"_d2 jejWb

ikh\WY["Wh[W"m_j^"W"2"_d2 \eejfh_dj."N!>!= \eh"j^_i"^[Wj"i_da"_i

fbejj[Z"_d"B_]kh["7."Heea_d]"Wj"B_]kh["5,"W"9"_d2 l[hj_YWb"\bWj

^[Wj"^[Wj"i_da"(18"_d2 jejWb"ikh\WY["Wh[W)"mekbZ"^Wl["WXekj

j^["iWc["N!>!=.

B. Heat Sinks in Free Convection - Dense Emitter Spacing

S^[d"HQTAKJ"[c_jj[hi"Wh["Z[di[bo"fWYa[Z,"j^[o"\kdYj_ed

Wi"W"i_d]b["^[Wj"iekhY[."P^_i"Y^Whj"m_bb"^[bf"oek"Y^WhWYj[h_p[

j^["HQTAKJ"BbeeZ"Wi"m[bb"Wi"Ykijec"H[l[b"2">eWhZi"m_j^

[c_jj[h"ifWY_d]"X[jm[[d"9"WdZ"13"cc."P^_i"Y^Whj"YWd"Wbie

X["ki[Z"je"Y^WhWYj[h_p["^[Wj"i_dai"\eh"Ybkij[h[Z"[c_jj[hi,

m_j^"ifWY_d]"kf"je"WXekj"19"cc."Beh"m_Z[h"ifWY_d],"ki["j^[

Y^Whji"_d"O[Yj_ed">."P^["\ebbem_d]"Y^Whj"_d"B_]kh["9"i^emi

j^["PejWb"=hhWo"N!>!= li."^[Wj"i_da"Wh[W"h[gk_h[Z"\eh"j^["jejWb

WhhWo."Ej"_i"j^["jejWb"WhhWo"N!>!= i^emd"_d"B_]kh["2,"m^_Y^"_i

j^["j^[hcWb"h[i_ijWdY["ceZ[b"\eh"ckbj_fb["[c_jj[h"fheZkYji.

S["Y^WhWYj[h_p[Z"j^h[["jof[i"e\"^[Wj"i_dai"ki_d]"12"WdZ"18

[c_jj[h"HQTAKJ"BbeeZi."P^["h[ikbji"Wh["i^emd"_d"B_]kh["9.

=bb"^[Wj"i_dai"m[h["l[hj_YWbbo"eh_[djWj[Z"m_j^"\h[["Yedl[Yj_ed

ed"Wbb"i_Z[i."S["j[ij[Z"Xej^"\bWj"fbWj["(i[["B_]kh["3@"j[ij"i[j!

kf)"WdZ"\_dd[Z"^[Wj"i_dai"(i[["B_]kh["3>.)

B_]kh["9"i^ekbZ"X["ceij"ki[\kb"_d"i_p_d]"^[Wj"i_dai"\eh"Ykijec

Wffb_YWj_edi"j^Wj"ki["j[d"je"jm[djo"[c_jj[hi."Dem[l[h,"_j"YWd

Wbie"X["ki[Z"Wi"W"hek]^"]k_Z["\eh"i_p_d]"^[Wj"i_dai"\eh"Wffb_!

YWj_edi"m_j^"WXekj"3"je"20"Z[di[bo"ifWY[Z"[c_jj[hi."

Attachment to Heat Sinks 

=."I[Y^Wd_YWb"=jjWY^c[dj
S["h[Yecc[dZ"cekdj_d]"HQTAKJ"Lem[h"H_]^j"OekhY[i

(H[l[b"2"fheZkYji)"Z_h[Yjbo"je"W"^[Wj"i_da"m_j^"c[Y^Wd_YWb

\Wij[d[hi"\eh"X[ij"f[h\ehcWdY[."Uek"YWd"ki["\Wij[d[hi"m^[d

cekdj_d]"je"W"iceej^"cWY^_d[Z"eh"[njhkZ[Z"c[jWb"ikh\WY[.

P^["WZZ_j_ed"e\"j^[hcWb"]h[Wi["([.]."SWa[\_[bZ"Ad]."P^[hcWb

?ecfekdZ)"YWd"c_d_c_p["W_h"]Wfi"WdZ"_cfhel["j^[hcWb

YedjWYj"je"YWij_d]i"WdZ"kd[l[d"ikh\WY[i.

>."=Z^[i_l["=jjWY^c[dj
PWf[i"WdZ"WZ^[i_l[i"YWd"W_Z"_d"j^[hcWb"YedjWYj"m_j^"kd[l[d

ikh\WY[i."PWXb["3"i^emi"jof_YWb"j^[hcWb"h[i_ijWdY[i"e\

Yecc[hY_Wbbo"WlW_bWXb["]bk[i"WdZ"jWf[i."P^["j^[hcWb

f[h\ehcWdY["e\"j^["]bk[i"_i"X[jj[h"j^Wd"j^["jWf[i"_d"][d[hWb,

Xkj"j^["]bk[i"i^ekbZ"f[h\ehc"WXekj"j^["iWc["Wi"W"]hekf."

E\"oek"Wh["ef[hWj_d]"Wj"^_]^"WcX_[dj"j[cf[hWjkh[i,"Yedi_Z[h

ki_d]"W"fheZkYj"m_j^"j^["bem[ij"feii_Xb["j^[hcWb"h[i_ijWdY[.

?edikbj"j^["fheZkYj"ZWjW"i^[[j"\eh"fheZkYji"cWha[Z"*."Uek

YWd"Wffhen_cWj["j^["N!>eWhZ!D[WjVO_daVPef Xo"YecfWh_d]"j^[

j^[hcWb"YedZkYj_l_jo"je"W"fheZkYj"m_j^"W"b_ij[Z"

N!>eWhZ!D[WjVO_daVPef.
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Figure 8.  R!>eWhZ!=cX_[dj per Emitter     Free Conv. (Test Set up  Fig. 3A)

vs. Forced Conv. (Test Set up  Fig. 3E)     42f/min (12.8m/min) Air 

Flow with Fan On

3.Finned HS (Fig. 3B)
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PWXb["3""Pof_YWb"P^[hcWb"N[i_ijWdY[i"e\"Cbk[i"WdZ"PWf[i.

H[l[b"1"Iekdj_d]"!"Ac_jj[h H[l[b"2"Iekdj_d]"!">eWhZ

Obk]"je">eWhZ je"D[Wj"O_da

=ZZ[Z"N!ibk]!XeWhZ (x?/S) =ZZ[Z"N!>eWhZ!D[WjVO_daVPef"(x?/S)

f[h"Ac_jj[h f[h"Ac_jj[h

0.044"_d2 (28"cc2) 1"_d2 (625"cc2) IWdk\WYjkh[h

=Z^[i_l[i Obk]"=h[W >eWhZ"=h[W Ed\ehcWj_ed

Cbk[i =c_Yed"A3503!1 9.1 * Ac[hied"& ?kc_d]!>[b]_kc
Wffhen. L^:"0032/"14"57"56"11
0.010s
j^_Ya AfeP[a"P7109 12.9 * Afeno"P[Y^debe]o

1"508"667"3805
mmm.[fej[a.Yec

PWf[i >edZ"Lbo"105 14 3x?/S P^[">[h]gk_ij"?ecfWdo
(0.005s"j^_Ya) mmm.X[h]gk_ijYecfWdo.Yec

GWfjed 9.5

>[\eh["i[b[Yj_d]"Wd"WZ^[i_l["eh"_dj[h\WY["cWj[h_Wb"X["ikh["je"Z[j[hc_d["_ji"ik_jWX_b_jo"WdZ"YecfWj_X_b_jo"m_j^"HQTAKJ,"oekh"cWdk!

\WYjkh_d]"fheY[ii[i,"WdZ"oekh"Wffb_YWj_ed."Hkc_b[Zi"ki[i"=c_Yed"3503!1"\hec"Ac[hied"WdZ"?kc_d]"WdZ"^Wi"\ekdZ"AfeP[a

P7109"\hec"Afeno"P[Y^debe]o"ik_jWXb["\eh"Hkc_b[Zi"cWdk\WYjkh_d]"fheY[ii[i"ki_d]"HQTAKJ"Lem[h"H_]^j"OekhY[i."Hkc_b[Zi

ijhed]bo"h[Yecc[dZi"j^Wj"j^["ki[h"j^ehek]^bo"[lWbkWj["Wd"WZ^[i_l["fh_eh"je"ki[.

P^["\ebbem_d]"fheZkYji"cWo"X["ik_jWXb["\eh"ki["_d"if[Y_\_Y

Wffb_YWj_edi"WdZ"cWdk\WYjkh_d]"fheY[ii[i"ki_d]"HQTAKJ

Lem[h"H_]^j"OekhY[i:

Table 4

Examples of thermal adhesive and thermal interface material

LheZkYji(i) ?ecfWdo S[Xi_j[

OA9184,"

L?1500," @em"?ehd_d] mmm.ZemYehd_d].Yec/[b[Yjhed_Yi

L?2500

@L!190"Ch[o 3I mmm.3I.Yec

LKH=N?DEL" Ceh[ mmm.]eh[.Yec/[b[Yjhed_Yi

I20,"?L7003

P645 ?^ec[h_Yi mmm.Y^ec[h_Yi.Yec

IP125 P^[hcei[j mmm,j^[hcei[j.Yec

383,"3873 HeYj_j[ mmm.beYj_j[.Yec

LLE"N@628 LLE =Z^[i_l[i mmm.ff_jWf[i.Yec

Best Practices for Thermal Design 
r ="\bWj,"Wbkc_dkc"^[Wj"i_da"YWd"X["Wi"[\\[Yj_l["Wi"W"\_dd[Z

^[Wj"i_da"m^[d"[c_jj[hi"Wh["ifWY[Z"Wj"b[Wij"25"cc"WfWhj."

r ="\_dd[Z"^[Wj"i_da"_i"Wd"[\\[Yj_l["iebkj_ed"je"c_d_c_p["\eej!

fh_dj"Wh[W.

r Beh"cWn_ckc"j^[hcWb"f[h\ehcWdY["ki_d]"W"\bWj"^[Wj"i_da,

Wbbem"Wd"[nfei[Z"ikh\WY["Wh[W"e\"WXekj"9_d2 f[h"[c_jj[h

(m_j^"25"cc"[c_jj[h"ifWY_d]).

r ="HQTAKJ"BbeeZ"h[gk_h[i"W"\bWj"^[Wj"i_da"m_j^"Wd"[nfei[Z

ikh\WY["Wh[W"e\"36_d2 je"ef[hWj["Wj"heec"j[cf[hWjkh[

(25x?).

r S^[h["fhWYj_YWb,"ki["c[Y^Wd_YWb"\Wij[d[hi"je"cekdj"^[Wj

i_dai"je"iceej^"WdZ"\bWj"ikh\WY[i."

Evaluating Your Design 
Qi["j^["Y^Whji"_d"B_]kh[i"4"je"9"je"Wffhen_cWj["j^["^[Wj"i_da

i_p[,"Wi"m[bb"Wi"_ji"eh_[djWj_ed"WdZ"i^Wf[."

Pe"Ze"ie,"oek"ckij"\_hij"Z[j[hc_d["j^["h[gk_h[Z"N!>!=,"f[h

[c_jj[h,"]_l[d"Xej^"j^["j^[hcWb"WdZ"efj_YWb"h[gk_h[c[dji"e\

oekh"Wffb_YWj_ed."P^[d"XWi[Z"ed"j^["h[gk_h[Z"N!>!=,"oek"YWd

ki["j^["ZWjW"_d"j^["Y^Whji"je"Z[\_d["oekh"^[Wj"i_da"h[gk_h[!

c[dji."C[d[hWb"ij[fi"\eh"Ze_d]"j^_i"\ebbem.

Beh"i_d]b["eh"ckbj_![c_jj[h"Wffb_YWj_edi"m_j^"25cc"ifWY_d],

oek"YWd"Wffhen_cWj["^[Wj"i_da"h[gk_h[c[dji"ki_d]"B_]kh[i"4

je"8."Beh"Wffb_YWj_edi"m_j^"Z[di["[c_jj[h"ifWY_d]"ikY^"Wi"j^[

HQTAKJ"BbeeZ,"ki["B_]kh["9.

=."Oj[fi"je"O[b[Yj"I_d_ckc"O_p["D[Wj"O_da
Oj[f"1) @[j[hc_d["WbbemWXb["NMF!=

S_j^"PF Wi"j^["YedijhW_d_d]"lWh_WXb[,"oek"YWd"ki["j^[

\ebbem_d]"[gkWj_ed:

PF <"P=+(L)(N!F!=)

Adj[h"j^["WXiebkj["cWn_ckc"PF WdZ"j^["mehij"YWi["ef[h!

Wj_d]"YedZ_j_edi"P= _dje"j^["[gkWj_ed."Uek"cWo"d[[Z"je

if[Y_\o"W"cWn_ckc"PF bem[h"j^Wd"120x?"_d"ehZ[h"je"WY^_[l[

j^["efj_YWb"f[h\ehcWdY["h[gk_h[Z"\eh"oekh"Wffb_YWj_ed."O[[

j^["LUXEON Custom Design Guide \eh"ceh["_d\ehcWj_ed.

P^["Z_ii_fWj[Z"fem[h"f[h"ijh_d],"L,"YWd"X["Z[j[hc_d[Z"Xo:

L"<"(RB)(EB)

Oebl["\eh"N!F!= ki_d]:

FkdYj_ed =cX_[dj

FkdYj_ed =cX_[dj

(P P )
N

L
+

+
! (

Astera-Chauvet EX1013
U.S. Patent No. 7,651,245



P^[hcWb"@[i_]d"Qi_d]"HQTAKJ"Lem[h"H_]^j"OekhY[i""=ff">h_[\"=>05"(4/06) 9

Oj[f"2) OkXjhWYj"j^[""N!F!> (\ekdZ"_d"PWXb["1,"Wbie"Y^[Ya

Ykhh[dj"fheZkYj"ZWjW"i^[[j)"e\"HQTAKJ"[c_jj[h"\hec"N!F!=

je"eXjW_d"j^["jWh][j"N!>!=.

Oj[f"3) Qi_d]"j^["YWbYkbWj[Z"N!>!= Wi"W"jWh][j,"h[l_[m"j^[

Y^Whji"_d"B_]kh[i"4"je"9"je"Z[j[hc_d["j^["^[Wj"i_da"Yed\_]khW!

j_ed"j^Wj"X[ij"ik_ji"oekh"Wffb_YWj_ed."Heea"kf"j^["^[Wj"i_da

Wh[W"j^Wj"Yehh[ifedZi"je"j^["jWh][j"N!>!=."P^["W_c"_i"je

Z[j[hc_d["^[Wj"i_da"i_p["hWd]["oekh"Wffb_YWj_ed"h[gk_h[i."Uek

YWd"h[ZkY["^[Wj"i_da"\eejfh_dj"Wh[W"m_j^"W"\_dd[Z"^[Wj"i_da."

E\"oek"adem"j^["^[Wj"i_da"i_p["YedijhW_dji"\eh"oekh"Wffb_YW!

j_ed,"oek"YWd"Z[j[hc_d["W"jWh][j"N!>!= \eh"j^["fWhj_YkbWh"

^[Wj"i_da"Z[i_]d"\_hij."=i"oek"[lWbkWj["oekh"Z[i_]d,"oek"YWd

Y^Wd]["_dfkj"lWh_WXb[i"\hec"Oj[f"1"_j[hWj_l[bo"ki_d]"j^["^[Wj

i_da"i_p["Wi"W"YedijhW_dj."

Beh"[nWcfb[,"Wd"Wffb_YWj_ed"cWo"X["WXb["je"hkd"Wj"W"bem[h

Zh_l["Ykhh[dj,"EB,"WdZ"ij_bb"c[[j"j^["b_]^j"ekjfkj"h[gk_h[c[dji.

P^_i"mekbZ"h[ZkY["j^["Z_ii_fWj[Z"fem[h,"L,"h[ikbj_d]"_d"W

bWh][h"jWh][j"N!>!= m^_Y^"YekbZ"X["c[j"m_j^"W"icWbb[h"^[Wj

i_da.

>."Qj_b_p_d]"Kj^[h"P^[hcWb"=dWboi_i"N[iekhY[i
Ed"WZZ_j_ed"je"j^["ZWjW"_d"j^["h[ikbji"i[Yj_ed,"ej^[h"h[iekhY[i

Wh["WlW_bWXb["je"^[bf"Z[j[hc_d["Wd"Wffhefh_Wj["^[Wj"i_da"je

c[[j"oekh"jWh][j"N!>!=a _dYbkZ_d]"fkXb_i^[Z"^[Wj"i_da"Y^Wh!

WYj[h_pWj_ed"ZWjW"h[\[h[dY[i"WdZ"j^[hcWb"WdWboi_i"ie\jmWh[."

S^[d"ki_d]"h[\[h[dY["cWj[h_Wbi,"h[Wb_p["j^["HQTAKJ"[c_jj[hi

WYj"Wi"fe_dj"iekhY[i"e\"^[Wj"j^Wj"Wh["dej"[l[dbo"Z_ijh_Xkj[Z

el[h"Wd"[dj_h["cekdj_d]"ikh\WY[."

=Wl_Z"P^[hcWbbeo"_i"W"cWdk\WYjkh[h"e\"[njhkZ[Z"^[Wj"i_da

fheZkYji."P^[o"e\\[h"\h[["i[b[Yjeh"jeeb"ie\jmWh["\eh"Y^eei_d]

ijWdZWhZ"^[Wj"i_da"fhe\_b[i"i_p["m_j^"W"]_l[d"N!."P^Wj"ie\j!

mWh["jeeb,"Wi"m[bb"Wi"b_dai"je"ej^[h"j^[hcWb"WdWboi_i"jeebi"WdZ

ie\jmWh["YWd"X["WYY[ii[Z"\hec"j^["\ebbem_d]"m[X"b_da:

^jjf://mmm.WWl_Zj^[hcWbbeo.Yec/

N!j^[jW"_i"Wdej^[h"cWdk\WYjkh[h"e\"^[Wj"i_da"fheZkYji."P^[o

Wbie"e\\[h"WdWboi_i"jeebi"Wj"j^[_h"m[X"b_da:"

^jjf://mmm.h!j^[jW.Yec/

P^[hcWb"h[iekhY[i"WdZ"jeebi"YWd"X["\ekdZ"Wj"j^[i["i_j[i:

^jjf://mmm.[b[Yjhed_Yi!Yeeb_d].Yec

^jjf://mmm.Yeeb_d]ped[.Yec

^jjf://mmm.j^[hcWbm_pWhZ.Yec

?."?^[Ya"Uekh"@[i_]d
S^[d"f^oi_YWb"fhejejof[i"e\"j^["Wffb_YWj_ed"Wh["WlW_bWXb[,"

_j"_i"_cfehjWdj"je"ced_jeh"j^["c[jWb!Yeh["L?>"j[cf[hWjkh["

e\"j^["[c_jj[hi"WdZ"YecfWh["m_j^"j^["h[ikbji"\hec"j^[

j^[hcWb"ceZ[b.

Ied_jeh"j[cf[hWjkh[i"Wj"j^["^ejj[ij"fWhj"e\"j^["XeWhZ,"jof_!

YWbbo"d[Wh"j^["Y[dj[h"e\"j^["[c_jj[h"WhhWo"WdZ"Wi"Ybei["Wi

feii_Xb["je"Wd"[c_jj[h"XWi["(B_]kh["10)."AlWbkWj["j^["Z[i_]d

Wj"j^["[nf[Yj[Z"WcX_[dj"j[cf[hWjkh["hWd][,"WcX_[dj"W_h"\bem

WdZ"m_j^"Wdo"WZZ_j_edWb"^[Wj"beWZi.

Uek"YWd"ced_jeh"j[cf[hWjkh[i"ki_d]"W"ikh\WY["fheX[

j[cf[hWjkh["c[j[h,"j^ek]^"j^_i"_i"dej"fhWYj_YWb"\eh"Wffb_YW!

j_edi"_d"[dYbeikh[i."Ed"][d[hWb,"j^[hceYekfb[i"e\\[h"j^["ceij

fhWYj_YWb"j[cf[hWjkh["ced_jeh_d]"iebkj_ed.

N[Yecc[dZ[Z"j^[hceYekfb["(P?)"WjjWY^c[dj:

1.HeYWj["P?i"ed"j^["^ejj[ij"Wh[Wi"e\"j^["XeWhZ.""AnWcfb[i

Wh[:"d[Wh"j^["Y[dj[h"e\"W"Ybkij[h"WhhWo"e\"[c_jj[hi"eh"d[Wh

Wdo"^[Wj"fheZkY_d]"[b[Yjhed_Yi.

2.HeYWj["j^["P?i"Wi"Ybei["Wi"feii_Xb["d[Wh"j^["XWi["e\"Wd

[c_jj[h."@e"dej"cekdj"P?"j_f"ed"b[WZ"jhWY[i."@e"iebZ[h"eh

cekdj"P?i"je"j^["[c_jj[h"iebZ[h"fWZi.

3. E\"ki_d]"icWbb"Z_Wc[j[h"P?i"(F!jof[)"eh"WZ^[i_l["cekdj[Z

P?i,"j^[o"YWd"X["jWf[Z"\bWj"je"j^["jef"e\"j^["XeWhZ,"m_j^

j^["P?"j_f"Wj"j^["XWi["e\"j^["[c_jj[h.

4. E\"ki_d]"W"bWh][h"P"eh"G!jof["P?,"_j"cWo"dej"X["feii_Xb["je

jWf["j^["P?"j_f"\bWj"ed"j^["XeWhZ,"m^_Y^"mekbZ"b[WZ"je

_dWYYkhWY_[i."Ed"j^_i"YWi[,"Zh_bb"W"^eb[,"`kij"bWh][h"j^Wd"j^[

P?"Z_W."_d"j^["jef"e\"j^["XeWhZ,"0.03#"Z[[f."(B_]kh["11)

>[dZ"j^["P?"j_f"Wj"h_]^j"Wd]b[."Beh"X[jj[h"YedjWYj,"Z_f"j^[

P?"j_f"_d"W"YedZkYj_l["fWij["([.]."SWa[\_[bZ"Ad],"P^[hcWb

?ecfekdZ)."Edi[hj"j^["P?"j_f"WdZ"i[Ykh["j^["P?"m_h["m_j^

jWf["eh"]bk["je"a[[f"j^["P?"j_f"\kbbo"_di[hj[Z.

Thermocouple

Drilled Hole

Figure 10. Location of thermocouple to Monitor T>eWhZ.

Figure 11. Thermocouple tip inserted in board.
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@."AnWcfb[i

Example 1:  LUXEON Star-Single Emitter

="i_d]b[![c_jj[h"HQTAKJ"OjWh"Wffb_YWj_ed"h[gk_h[i"W"\bWj,

Wbkc_dkc"^[Wj"i_da"ki_d]"\h[["Yedl[Yj_ed:"Ej"m_bb"ef[hWj["Wj"W

cWn_ckc"WcX_[dj"e\"85x?."P^["Wffb_YWj_ed"ki[i"Wd"WcX[h

XWjm_d]"[c_jj[h"Zh_l[d"Wj"335c=.

Oj[f"1) @[j[hc_d["WbbemWXb["N!FkdYj_ed!=cX_[dj.

Qi_d]"j^["^[Wj"jhWdi\[h"\ehckbW:

PFkdYj_ed <"P=cX_[dj +"(L)(N!FkdYj_ed!=cX_[dj)

eh:

S^[h[:

PF <"120x?"(cWn."`kdYj_ed"j[cf.)

P= <"85x?"(cWn."XWi[Z"ed"ef[hWj_d]"YedZ_j_edi)

IWn_ckc"R\ <"3.3"R"\eh"WcX[h"XWjm_d]"(Yedikbj"ZWjW

i^[[j)

LZ <"("RB")("EB")"

LZ <"3.3"R"*"335c="<"1.1S

Oebl_d]"\eh"N!F!=:

N!F!= <"32x?/S

Oj[f"2) KXjW_d"j^["jWh][j"N!>!=.

OkXjhWYj"N!F!> e\"j^["HQTAKJ"[c_jj[h:

N!>!= <"32x?/S"!"17"x?/S"(\eh">Wjm_d]"HA@)

N!>!= <"15x?/S

Oj[f"3) N[l_[m"^[Wj"i_da"Y^WhWYj[h_pWj_ed"ZWjW"_d"h[ikbji

i[Yj_ed.

@[f[dZ_d]"ed"j^["ifWY["h[gk_h[c[dji"e\"j^["Wffb_YWj_ed,"j^[

j^[hcWb"h[i_ijWdY["jWh][j"(N!>!= <"15x?/S)"YekbZ"X["c[j

m_j^"i[l[hWb"Z_\\[h[dj"^[Wj"i_da"Z[i_]di."P^["Wh[W"h[gk_h[Z"\eh

W"\bWj,"^eh_pedjWb"^[Wj"i_da"m_j^"edbo"ed["\h[["Yedl[Yj_ed

ikh\WY["mekbZ"X["WXekj"9_d2 (B_]kh["4)."

P^["Z[i_]d"YekbZ"Wbie"X["[n[Ykj[Z"ki_d]"W"4_d2 \bWj,"l[hj_YWb

^[Wj"i_da"j^Wj"^Wi"jme"\h[["Yedl[Yj_ed"ikh\WY[i"(B_]kh["5)."

Pe"h[ZkY["j^["\eej"fh_dj"Wh[W"je"2_d2,"W"\_dd[Z"^[Wj"i_da"cWo

X["ki[Z"m_j^"W"jejWb"ikh\WY["Wh[W"e\"WXekj"11.5_d2 (B_]kh["8).

E\"j^["h[gk_h[Z"Zh_l["Ykhh[dj"e\"j^["[c_jj[h"mWi"350c=,"j^[d

j^["jWh][j"N!>!= mekbZ"^Wl["X[[d"ib_]^jbo"bem[h,"d[Y[ii_!

jWj_d]"W"^[Wj"i_da"m_j^"W"ib_]^jbo"bWh][h"Wh[W.

Example 2:  LUXEON Line -12 Emitter

="HQTAKJ"H_d["(12"[c_jj[hi)"m_bb"X["cekdj[Z"_d"W"l[hj_YWb

fei_j_ed."P^["cWn_ckc"WcX_[dj"ef[hWj_d]"YedZ_j_ed"_i"75x?

\eh"HQTAKJ"fheZkYji"m_j^"efj_Yi."P^["[c_jj[hi"Wh["h[Z"WdZ

Zh_l[d"Wj"325c=.

Oj[f"1) @[j[hc_d["WbbemWXb["N!>eWhZ!=cX_[dj.

Qi_d]"j^["^[Wj"jhWdi\[h"\ehckbW:

S^[h[:

PF <"120x"(cWn."`kdYj_ed"j[cf.)

P= <"75"x?"

IWn_ckc"R\ <"20"R/6"[c_jj[hi"_d"i[h_[i"(Yedikbj"ZWjW

i^[[j)

IWn_ckc"R\" <"3.3"R"

LZ <"325c="*"3.3"R"<"1.1S"f[h"[c_jj[h

Oebl_d]"\eh"N!F!=:

NF!= <"41x?/S

Oj[f2) KXjW_d"j^["jWh][j"N!>!=.

Qi["AgkWj_ed"4"je"eXjW_d"j^["N!F!> f[h"[c_jj[h:

PejWb"N!F!> <"1.4x?/S"\eh"HQTAKJ"H_d["(Yedikbj

ZWjW"i^[[j)

N!F!> f[h"[c_jj[h" <"1.4x?/S*12

N!F!>"f[h"[c_jj[h" <"17x?/S

N!>!= <"41x?/S"!"17x?/S"

N!>!= <"24x?/S"f[h"[c_jj[h

Oj[f"3) N[l_[m"^[Wj"i_da"Y^WhWYj[h_pWj_ed"ZWjW"_d"h[ikbji

i[Yj_ed.

N[l_[m_d]"B_]kh["5,"j^["HQTAKJ"H_d["mekbZ"h[gk_h["2_d2 \eej

fh_dj"e\"\bWj"^[Wj"i_da"f[h"[c_jj[h"m_j^"jme"l[hj_YWbbo"eh_[dj[Z,

\h[["Yedl[Yj_ed"ikh\WY[i."P^Wj"mekbZ"Yehh[ifedZ"je"W"jejWb

DO"Wh[W"e\"48_d2 m_j^"W"24_d2 \eejfh_dj.

P^["jejWb"ioij[c"N!F!= YWd"X["eXjW_d[Z"Xo"ki_d]"W"YWbYkbW!

j_ed"i_c_bWh"je"AgkWj_ed"4,"m^[h["#J#"_i"j^["dkcX[h"e\

[c_jj[hi.

$ %FkdYj_ed =cX_[dj

FkdYj_ed =cX_[dj

P P
N

(L)
+

+
! (

F =

(120 85)
N

1.1
+

+
(

$ %FkdYj_ed =cX_[dj

FkdYj_ed =cX_[dj

P P
N

(L)
+

+
! (

F =

(120 75)
N

1.1
+

+
(

FkdYj_ed >eWhZ
FkdYj_ed >eWhZ

HA@ VAc_jj[h VN
PejWbV=hhWoVN

J

+

+

!
! (

FkdYj_ed =cX_[dj
FkdYj_ed =cX_[dj

Ac_jj[hVN
PejWbVOoij[cVN

J

+

+

!
! (
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PejWbVOoij[cVNF!= <"3.4x?/S

P^["PF Wj"W"]_l[d"P= YWd"X["YWbYkbWj[Z"ki_d]"AgkWj_ed"3."P^[

jejWb"WhhWo"fem[h"ckij"X["ki[Z"m^[d"ki_d]"j^["jejWb"ioij[c

N!F!=.

?WbYkbWj["PF Wj"P= <"25x?

PejWb"=hhWo"Lem[h"<"12*1.1"S<"13.2"S

AgkWj_ed"3:

PFkdYj_ed <"P=cX_[dj +"(L)(N!FkdYj_ed!=cX_[dj)

PF !"25x?"+"(13.2"S)(3.4x?/S)

PF <"70x?

Validation of Method
Pe"j[ij"j^["lWb_Z_jo"e\"j^_i"c[j^eZ,"m["_dijhkc[dj[Z"WdZ

c[Wikh[Z"W"HQTAKJ"H_d["12![c_jj[h"WhhWo"m_j^"48_d2 e\"\bWj

^[Wj"i_da."Ed"W"l[hj_YWbbo"eh_[dj[Z"fei_j_ed,"j^["c[Wikh[Z"

N!>!= <"2.5x?/S."

>o"WZZ_d]"j^["PejWb"=hhWo"N!F!> e\"1.42x?/S,"j^["c[Wikh[Z

PejWb"Ooij[c"N!F!= _i"3.9x?/S"l[hiki"j^["fh[Z_Yj[Z"

N!F!= e\"3.4x?/S.
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v2006"L^_b_fi"Hkc_b[Zi"H_]^j_d]"?ecfWdo."=bb"h_]^ji"h[i[hl[Z."LheZkYj"if[Y_\_YWj_edi"Wh["ikX`[Yj"je"

Y^Wd]["m_j^ekj"dej_Y[."Hkn[ed"_i"W"h[]_ij[h[Z"jhWZ[cWha"e\"j^["L^_b_fi"Hkc_b[Zi"H_]^j_d]"?ecfWdo"_d"

j^["Qd_j[Z"OjWj[i"WdZ"ej^[h"Yekdjh_[i.

www.luxeon.com

www.lumiledsfuture.com

For technical assistance or the

location of your nearest sales

office contact any of the

following:

North America: 

+1 888 589 3662 or 

askluxeon@futureelectronics.com

Europe: 

00 800 443 88 873 or

luxeon.europe@futureelectronics.com

Asia: 

800 5864 5337 or

lumileds.asia@futureelectronics.com

?ecfWdo"Ed\ehcWj_ed

HQTAKJw _i"Z[l[bef[Z,"cWdk\WYjkh[Z"WdZ"cWha[j[Z"Xo"

L^_b_fi"Hkc_b[Zi"H_]^j_d]"?ecfWdo."L^_b_fi"Hkc_b[Zi"_i"W"mehbZ!YbWii

ikffb_[h"e\"H_]^j"Ac_jj_d]"@_eZ[i"(HA@i)"fheZkY_d]"X_bb_edi"e\"HA@i

WddkWbbo."L^_b_fi"Hkc_b[Zi"_i"W"\kbbo"_dj[]hWj[Z"ikffb_[h,"fheZkY_d]"Yeh[

HA@"cWj[h_Wb"_d"Wbb"j^h[["XWi["Yebehi"(N[Z,"Ch[[d,">bk[)"WdZ"S^_j[."

L^_b_fi"Hkc_b[Zi"^Wi"N&@"Y[dj[hi"_d"OWd"Fei[,"?Wb_\ehd_W"WdZ"_d"

P^["J[j^[hbWdZi"WdZ"fheZkYj_ed"YWfWX_b_j_[i"_d"OWd"Fei["WdZ"L[dWd],

IWbWoi_W."BekdZ[Z"_d"1999,"L^_b_fi"Hkc_b[Zi"_i"j^["^_]^!\bkn"HA@

j[Y^debe]o"b[WZ[h"WdZ"_i"Z[Z_YWj[Z"je"Xh_Z]_d]"j^["]Wf"X[jm[[d

ieb_Z!ijWj["HA@"j[Y^debe]o"WdZ"j^["b_]^j_d]"mehbZ."L^_b_fi"Hkc_b[Zi

j[Y^debe]o,"HA@i"WdZ"ioij[ci"Wh["[dWXb_d]"d[m"Wffb_YWj_edi"WdZ

cWha[ji"_d"j^["b_]^j_d]"mehbZ.

L^_b_fi"Hkc_b[Zi"cWo"cWa["fheY[ii"eh

cWj[h_Wbi"Y^Wd][i"W\\[Yj_d]"j^["f[h\ehc!

WdY["eh"ej^[h"Y^WhWYj[h_ij_Yi"e\"ekh

fheZkYji."P^[i["fheZkYji"ikffb_[Z"W\j[h

ikY^"Y^Wd][i"m_bb"Yedj_dk["je"c[[j

fkXb_i^[Z"if[Y_\_YWj_edi,"Xkj"cWo"dej"

X["_Z[dj_YWb"je"fheZkYji"ikffb_[Z"Wi

iWcfb[i"eh"kdZ[h"fh_eh"ehZ[hi.
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