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A Study on the Operation Characteristics of Light Emitting Diode

at Ultra-low temperature

by Hee-Ju, Ha

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime and Ocean University

Busan, Republic of Korea

Abstract

The interest in development on luminaires which are available up to
-52C is surging as demands in vessels navigating a north pole route
increase. A conventional incandescent lamp is operated stably at —-52
C, but luminous efficacy is lowered less than 10lm/W. Also, lifetime
1s less than 1,000 hours, which is quite short. In additon, many
countries including Korea have eliminated the use of incandescent
lamps gradually since 2014.

In this thesis, therefore, to elicit design method of the LED
luminaires that enables to substitute for incandescent lamp, has studied
about cryogenic characteristics of LED packages, bulbs, driving circuit

and power supply. This experiments were carried out according to
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standards IEC 60945-8.4.1. We analyzed and compared electrical and
optical characteristics of LEDs, which are related to components and
CFL in temperature range of -60C~25C. In the case of the LED
package, it was applied with the thermal analysis programs designed
to optimal heat dissipation structure.

As a result of the test, on the basis of the 25C, LED packages’s
light output increased 1.7~19 times at -60C and forward voltage of
the warm-white and cool-white is respectively increased by 1.73V and
2.11V. And when LED package’s light output connected the driver, is
increased to 1.6~1.8 times. Forward voltage of the warm-white and
cool-white is respectively increased by 149V and 2.11V. And the
CFL’s light output is rapidly reduced as the temperature is lowered,
and it does not light below -25°C. While all LED bulb’s light output is
increased by 1.2 times at -607TC.

Regarding the performance of the LED driving circuit and the
power supply at cryogenic temperatures, there was no problem with

lighting and operations.
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2.2 ICE CLASS
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* 2.1 ICE CLASS <+
Table 2.1 Types of the ICE CLASS

a W &

e

T2 YAl HF H5 3 FHS 2dste YA
AEH s gAY dukyg o2 Polar Classe] Alufo]
A5 7 AY7bH F = Northern Baltic Class A1
| whebz Al ),

Polar Class

L
(0]

Ad=-29d 5+ 77 F (Finnish-Swedish ICE
CLASS Rule)S A& wow LR(Lloyd's Register
of Shipping), DNV (Det Norske Veritas), GL (Germa
nischer Lloyd)s ¢ Ice Rule®] 7]1%7} ¥t} Polar
Classt} Canadian Classell H]&] zZz1o] <Fs}tt.

Northern Baltic
Class

uer 5% sliQtel digh ®al g 7ol
. SA&s]  AMuke] o dWA A (Artlc Shipping
Canadian Class _ ) “
Polution Prevention Regulation)©. & H-=r3sje] =AF

Tl wet 95 F o R vy oA El
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a% 28 559 =

Fig. 2.8 Sailing routes of the north pole

x 22 29 ul-# =9l ICE CLASS
Table 2.2 ICE CLASS of Finnish-Swedish

ax=
ICE CLASS Ice thickness
1.0m and 0.Im
1A Super 9o =
1A 1.0m
1B 0.8m
1C 0.6m
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2] ICE CLASS+= Finnish-Swedisholl A A5 =™, ¥ 229 7]
Finnish-Swedish= 4709 del2 s 4 Atk

20081, IACS(International Association of Classification Societies)ol 4]
Polar ICE CLASSE &% rdoz ddsiitt. & 233 o] FA4s
< PC 194 PC 77HA4] 7Tsw2o2 Ys & o, PC 19 7MY =2
TS WAt 2012 == glolo A= PC-1914 PC-77HA &
S U0} Polar Class9t A 74 S a3k oh

_;:;L_ 23 lx]cjl =z =

< T
Table 2.3 Types of the Polar Class
Polar Class W F5F 2 Aukel 3
PC 1 RE SAMGANA g AT +F
PC 2 ST ghd A W] =AM AF &

cthd A e 7l A (inclusions) 7} £33 = 9=

e 244 ) 2ANAY AF 29

A g9 AL g8 7% A TAL
el 194 Y 2A049 AF 23

e e AL T £ s FOHE
e el 194 Y AN A% 8%

g ol AL 23 £% A= FOAE
e A 194 Y 2049 §0)/57) 3

edd Yol ANt THE £E dE Fe
e A9 144 Y2ANA /53] 3
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ICE CLASSolM = &afsts Muto]l MAXste 2% G770 #dHd
AL FAF R Austal dA gk 2y A7) ek BEE A
< Aol AutAE A 8okl ofget o] FrHAE YEd 4 glon,
W& v 2ok
A A, “Cold endurance”ol] thst Al olvk(& Alo}l A5 7+74 - 10.5.4.2).
BE A7l e AoA AaAde] digh AJgSs wolop gtk Cold
endurance A $H4A Fztst= AHle] Yes AP ol A2

NA Aule] £7 e, v @ RAd gete] AE RS AEa

W

¥ 249 1054.2, Part IV "Technical Supervision During Manufacture of
Products”ell oJaijA A Al A7]4 ZA= AEE ddoly vl 33

of AAstH, A A7ekA]l F2 AnolM AldS A g A =

Sx AAE F9) LERY 10T %A A AT A4d 1Y &
Sol mud Adold 6AZHES AWS S, AUS FIF F EAL
A7 B

EE -30C +£30CE A8, AlFA7HE 10A] 7kel A

SAe] AS Hat Aol 10 Az o] dolgkA W AIZE FF U1
7F Aol HA v AEHE FAg wetA A A T Ass
Al&l 387 o= Cold endurance H.Uhi= Storage test 7} Al@ e &H-& o] &

atrta Al
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A 37 Ad HUH

B =Fo A= ICE CLASS 7233 IEC 60945-8.4.10] ulz} <A 20
A LED 9|7]#], ¥B 53z @ ddFgxe] d7]-Fey EAHS 74

&ttt

31 3% 4
3.1.1 LED #H 7R

a3 313 Zo] 500mA, 3.2Vl LED #71#] /15 AE=2 AA3H 1,
A2 1= (Color temperature) 6,500K¢} 3,000KZ A&33ict Mew=d 39
of M7S FHow FAGE WHOoR o' Fo] JHAFAH oo ul
S ¥ w2 Aol ol 2% 9] ZA(black body)’} EHAMstE A3t ol
HolH EAo] M2reta gt

L. e
W
e 1 W

Cathode Anode

a9 31 =2 A4
Fig. 3.1 Composition of the circuit
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Power + Buck ¥ LED
input Vin Converter Vair Module

Input

Controller

T Reference

198 3.2 LED driver 24 %

Fig. 3.2 Block diagram of the LED driver
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x 32 AlEH el =1
Table 3.2 Simulation Conditions

2 2
A = QAT S [W/mK] L et
<lengthxwidthxthickness>
LED #7] A 65 30 x 30 x 20
PCB(94) 105 72.0 x 72.0 x 2.0
dFuF 4dA 100 73.0 x 73.0 x 2.0
H-d 100 85.0 x 75.0 x 5.0
F g7l s 26TColH A viFAlaTs 5W/m= AAsAe 18
3 WIAASS vwsEy] 98] ¥ 3337 7o) wdue FAE AdAEH

aAsta HASE g2 AR 2%l 32~19 34% Geometry &
E

o] MAF mdolm, 1% 35~1% 37& A ZEIPL FU

E 3399w )
Table 3.3 Dimension of the heat sinks

E o o7 A 3
TE [mm]] [rr—l'r_n”;] [mzr_n]a sl
w2d ] 40 3 3 13
=g 2 40 3 4 11
=g 3 40 3 5 10
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9 36 29 19 AlEdelad

Fig. 3.6 Simulation of model 1
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Fig. 3.7 Simulation of model 2

% 38 EE 3¢ AlEdelA

Fig. 3.8 Simulation of model 3
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t 4
(b) LED-B (¢c) CFL
a9 39 CFL¥ LED ®EH A}zl
Fig. 3.9 Photographs of CFL and LED bulbs

(a) LED-A

3% 34 HH ] ALk
Table 3.4 Specifications of bulbs
° 3 & S
way AL s A A A T It BFEE
[K] (CRI) [Im] [mA] [Im/W]
(a) LED-A 5,000 80 670 40 83.7
(b) LED-B 3,000 70 750 60 62.5
(c) CFL 4,000 80 800 100 53
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LED-B ¥ 2= 60mA LED package 17707} # &= AZAx1 A

700174, FEES 625lm/Welth v dE S 12W, %
glal A5 AWEHZE Was o vk 2e2al CFL2 94
& 53m/Wolth, &H[ ¥ 15W, F<52 800lme]tt.
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I 310 A2 ¥EaL AR

Fig. 3.10 Photograph of the ultra-low temperature freezer

Spectrometer
T

- Freezer
DMMEB P

Power Supply sljg::e\‘
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co oo

a9 311 AdA 74

Fig. 3.11 Experimental setup
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FA e LEDY F2ZAEAS dolnr] 93te] LED ¥7]#], LED ¥

B 9 CFLY d7]-384d 548 54 F 2tz vla, £469)
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4.1 LED = 7] A

LEDol A A3 do] oz waEd uj &:9] W3l= LEDO EA4d
LED #7]A¢} =gtolyo] 25V, 500mAZS <l7}stdth IEC 60945-8.4.1
Ao uwe} Zbzke] A 2k 12 A1 Asth A AN &
AEAA S dolr7] fske] LED 71 A Z438k9 a3, 1 s dAY4AA

o] TAEAEE A8 ekl LED #7140l AAdF & =ctolHs

LED s§71%]¢] F9&ko mE F==S 29 41 yeplddd. 25T
& 7]+ 22, Warm-white®] 74¢ -50Cel A 1.78], -60ClA 1.99] #F=
Ho] F7Fsllal, Cool-whiteo] 73 -5-
F=Eo]l Frkskth

LEDe] d7]-#87 S54& Agesd 938 vt Agewst 27
y

-50CelA 1.681, -60CollA 1.74)

o

ol mel LED®] P&o] gasts AL 19 2504 ¢ & Aarh 3
7l Asksh ol F9ewsk WoldSE LEDS| BEol Frbeh: olf
= AL AR ol BEsk Fohste] Aol AATE TGl
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Relative luminous intensity [AU]

Forward Voltage[V]
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26
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=+—Wam =—Cool

-60 -30 -40 -20 0 23

Ambient temperature[C]

19 41 LED #7]Ad g 3=9
Fig. 4.1 P, of LED packages

=—+—Wam =—#—Cool

-60 -50 -40 -20 0o 2
Ambient temperature[C]

7% 42 LED #7141 ¢ & At

Fig. 4.2 Forward voltage of LED packages
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Forward Voltage[ V]

Relative luminous intensity [A U]

05

15

=+—Wam =~—Cool

T T T

-60 | -50 -40 -20 o 25
Ambient temperature[C]

18 43 LED 37]# 9 F&==H(=golH)
Fig. 4.3 P, of LED packages with driver

=—=\Warmm =—#=Coal

60 =50 -40 -20 0 25

Ambient temperature[ ]
a9 44 LED 3j71# 9] &3k Aok (=ekolH)
Fig. 4.4 Forward voltage of LED packages with driver
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4.2 LED ¥2 % CFL

LED ®¥H:= LED #71A¢ 4 ez AFS FIdsen,
AV R.(Automatic Voltage Regulator)S ©o]-&3sle] HHol ZgLE <lvls}
Atk LED ® B¢ CFLY F9==eo W& F=9s 19 450 e
Atk CFL& 25CTE 7l&2o =, -20ColA F F&0] 80% #astar -25T
olgtol = HGsol HA ZUTE o= CFLS WddgeA w2, A

LA FoZT|¢o] TAAase] WA U e WA HolFHo g &)
=]

vhH, LED-A HB S 35 25TCE 7| -60CelA 1.199, LED-B ¥ 2
o] A 1240 F=dHo] = i 542 A WY
ol wel LED HB o] JeE Hausie W, i 3 &2l ool §l
At

N
_OL
20
s
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08 1
06 7
04 ] A ; Fa

02 I
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Relative luminous intensity [A. 1]
Ny

Ambient temperature[C]

I8 45 HB 9 F=d
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Fig. 45 P, of Bulbs
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