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Abstract

This research presents a lighting design development using high power LED. Recently, high
power LED has been widely usc_ed because of its higher lighting efficiency than the traditional lighting.
In the first step, high power 'LED’s advantages and potential affects on the environment were compared
to traditional lamps. Lighting design using high power LED consisted of high power LED and LED
driver circuit. The LED driver circuit with constant current control was designed for high efficiency.
Furthermore, three power sources: voltage transformer, switching, and switching with power factor
correction circuit were compared. The consideration was tested using THD, harmonic component,
efficiency, etc. These circuits were then used to drive high power LED to test its lighting performance.

As results, the high power LED yielded better illumination and more cost effective in many aspects.

Keywords: High power LED, LED driver, power factor correction, lighting.
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CPERATIGH AND STRNZARD

Bangpoo Industrial Estate Soi 8, Sukhumvit Road Km.37,
975 Moo 4, Praeksa, Muang, Samutprakarn 10280

&R
amdilashaSnsoiind Tel. +66 2709 4860-8 Fax. +66 2324 0917-8
HECTRCAL ARD BECTROM S INSTITUTE

TEST CERTIFICATE [ Streetlight Luminaire ] Page 1 /12

Report No. | E1013(E)/52
Operatlon No . 5209BE1086

Name and address of customer ! Krng Mongkut S UnrverSIty of Technology North Bangkok
: 1518 Pibulsongkram Road, Bangsue, Bangkok 10800
Tel : 0-2913- 2500 Fax 0 2587 4350
Sample descnptton -Streetllght Lumtna|re 1 Unlt

(Detalls dld not specrfed on product)

Sample No. BE1 086

Sampte characteristic and condition Normal

Sample receipted date September 9 2009

Test date September 10 11 2009

Test standard - CIE 121:1996

Test report Detalls of the test report as shown on the followmg pages

Test condltlons Vottage 220 O V/50 0 Hz Current O 965 A Power = 104 1 W

Test distance: 16 m

“ertified by l"‘@ 4 op —é p}"—ﬁ‘n\{é@—é‘m

(Mr. Pongpat Phanpean)
Group Manager

Lighting Test Group

16 SEP 2009

his document is certified only on the tested sample. Prohibit to reproduce some part of them without permission from the Operation and Standards Department.

-FT 002(E)-4/08-50
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@) OPERATION AND STANDARDS DEPARTMENT
|

S Report Number: E1013(E)/52 Report Date: 11/09/2009
hbhwznsoind Operation Number: 5209BE1086 Test Date: 10/09/2009

AW BLRNGINTIUI

ST REPORT [ Streetlight Luminaire ] Page 3 of 12

Luminous Intensity Distribution
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€=) OPERATION AND STANDARDS DEPARTMENT

{ a” Report Number: E1013(E)/52 Report Date: 11/09/2009
rﬁﬁ“ﬁﬁ"&ﬁ% Operation Number: 5209BE1086 Test Date: 10/09/2009
EST REPORT [ Streetlight Luminaire ] Page 4 of 12
Luminous Intensity Table (cd)
vy \C 00 225 450 675 800 1125 1350 1575 180.0 2025 2250 2475 270.0 2925
.0 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250
.5 1250 1270 1270 1270 1270 1260 1250 1250 1240 1240 1230 1230 1230 1230
.0 1240 1260 1270 1270 1270 1260 1250 1250 1240 1230 1220 1220 1220 1220
5 1240 1260 1280 1270 1270 1260 1250 1240 1230 1220 1210 1210 1210 1210
.0 1230 1260 1270 1270 1260 1250 1240 1230 1220 1210 1200 1200 1200 1200
.5 1220 1250 1260 1260 1250 1240 1230 1220 1210 1200 1190 1180 1180 1190
0 1210 1240 1250 1250 1240 1230 1220 1210 1200 1490 1170 1170 1170 1180
.5 1200 1220 1230 1230 1220 1210 1200 1200 1180 1170 1160 1150 1150 1160
.0 1180 1210 1220 1220 1210 1200 1190 1180 1170 1150 1150 1130 1130 1140
5 1160 1190 1200 1200 1190 1180 1170 1160 1150 1130 1120 1110 1110 1120
0 1140 1170 1170 1180 1170 1160 1150 1130 1130 1100 1100 10380 1090 1100
5 1120 1140 1150 1150 1140 1130 1120 1120 1090 1080 1080 1060 1070 1080
.0 1090 1110 1130 1130 1120 1110 14100 1080 1060 1060 1040 1040 1040 1040
.5 1060 1080 1100 1110 1080 1080 1070 1050 1030 1020 1010 1010 1010 1020
.0 1030 1060 1070 1070 1060 1060 1060 1020 1010 989 981 970 978 983
5 1000 1030 1040 1030 1030 1020 998 990 973 956 931 934 943 946
0 972 986 998 1000 939 978 964 954 933 915 901 907 910 906
5 942 957 951 953 965 938 936 907 896 859 870 860 873 869
.0 914 924 918 918 925 905 886 868 856 830 823 815 836 828
5 887 885 888 876 875 867 853 828 815 794 766 772 790 782
0 828 851 834 846 832 845 823 795 778 752 724 727 740 738
2.5 772 792 792 776 787 759 739 745 738 712 683 675 686 692
.0 699 725 766 719 740 712 699 697 672 649 641 624 638 633
w.5 655 669 725 688 693 681 668 629 605 574 595 560 599 577
).0 620 620 661 614 622 603 601 568 569 526 547 524 535 532
.5 570 577 573 602 567 554 656 522 507 481 459 451 462 476
;.0 530 526 538 508 548 486 482 477 470 432 395 417 440 444
-5 432 463 473 524 482 481 434 410 396 365 363 334 347 367
-0 350 367 409 394 386 378 361 345 345 318 202 278 297 304
% 300 308 318 337 325 313 302 285 277 267 242 212 237 247
—i0 244 222 244 240 236 225 235 212 207 206 196 171 173 186
"5 155 148 170 186 181 176 163 128 149 151 142 122 132 143
.0 834 619 958 100 975 946 675 745 944 929 104 789 733 943
a 213 65 164 221 338 185 202 250 359 381 529 357 375 516
0 00 00 00 00 00 00 00 00 00 00 94 40 25 147
X1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

<«)PReport TISI v2.58 Copyright (C) Photometric Sofutions International 1994-2004

«:port s cartified only on tha tested sample. Prohibit to reproduce some past of them without parmission from the Opetation and Standards Department
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Q) OPERATION AND STANDARDS DEPARTMENT

Report Number: E1013(E)/52 Report Date: 11/09/2009
f&ﬁm&m@ﬁ Operation Number: 5209BE1086 TestDate:  10/09/2009
EST REPORT [ Streetlight Luminaire ] Page 5 of 12

Luminous Intensity Table (cd) (Continued)

y\C 00 225 450 675 900 1125 1350 1575 180.0 2025 2250 2475 2700 2925
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

§ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
—2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
besS.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
—-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
"5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
*5 0.0 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
;.0 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

P Report TiSt v2.58 Copyright (C) Photometric Solutions intemational 1994-2004
portis certified only on the tested sample. Prohibit to reproduce some part of them without permission from the Operation and Standards Department.
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E} OPERATION AND STANDARDS DEPARTMENT

Report Number: E1013(E)/52 Report Date: 11/09/2009
E{ﬁ“&gﬁﬁm‘"ﬁ Operation Number: 5209BE1086 Test Date: 10/09/2009
EST REPORT [ Strectight Luminaire | Page 6 of 12

Luminous Intensity Table (cd) (Continued)

\C 315.0 3375 360.0

1250 1250 1250
1230 1230 1250
1220 1220 1240
1210 1220 1240
1200 1210 1230
1190 1200 1220
1180 1180 1210
1160 1170 1200
1150 1160 1180
1120 1140 1160
1110 1110 1140
1080 1080 1120
1050 1060 1080
1020 1030 1060
986 997 1030
952 963 1000
919 930 972
878 896 942
838 865 914
792 836 887
758 806 828

moumomomomomomomomonomomomomo

1.}
o
3
&
W
2

“5 269 294 300
0 226 236 244
5 180 164 155
0 130 108 834
5 666 31.0 213
0 47 0.0 0.0
5 0.0 0.0 0.0
0 0.0 0.0 0.0

«iPReport TISI v2.58 Copyright (C) Photometric Solutions International 1994-2004
port is certified oaly on the tested sample. Prohibit to reproduce some part of them without permission from the Operation and Standards Department.
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OPERATION AND STANDARDS DEPARTMENT

Report Number: E1013(E)/52 Report Date: 11/09/2009
Operation Number: 5209BE1086 Test Date: 10/09/2009
ST REPORT [ Streetlight Luminaire ] Page 7 of 12

Luminous Intensity Table (cd) (Contmued)

\C 3150 3375 360.0
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OPERATION AND STANDARDS DEPARTMENT

Report Number: E1013(E)/52 Report Date: 71/09/2009
Operation Number: 5209BE1086 Test Date: 10/09/2009
ST REPORT [ Streetlight Luminaire ] Page 8 of 12
Luminous Flux Table
Elevation Cone Lumens Cumulative Luminaire %
0° 0.0° -1.3° 19 1.9 0.1
2.5° 1.3°-3.8° 149 16.8 0.5
5° 3.8°-6.3° 297 46.5 1.3
7.5° 6.3°-8.8° 44.2 90.7 2.5
10° 8.8°-11.3° 585 149.2 41
12.5° 11.3°-13.8° 722 214 6.1
15° 13.8°-16.3° 85.5 306.9 8.5
17.5° 16.3° - 18.8° 98.0 404.9 11.2
20° 18.8° - 21.3° 110.0 514.9 14.2
22.5° 21.3° - 23.8° 1210 635.9 17.6
25° 23.8° - 26.3° 131.0 766.9 21.2
21.5° 26.3° - 28.8° 1401 907.0 251
30° 28.8° - 31.3° 147.7 1054.7 291
32.5° 31.3°-33.8° 154.7 12094 334
35° 33.8°-36.3° 160.4 1369.9 378
37.5° 36.3° - 38.8° 164.2 1534.0 424
40° 38.8° -41.3° 1671 17011 47.0
42.5° 41.3° -43.8° 168.5 1869.7 51.7
45° 43.8° -46.3° 169.0 2038.6 56.3
47.5° 46.3° -48.8° 168.1 2206.7 61.0
50° 48.8° - 51.3° 166.4 23731 65.6
52.5° 51.3° -53.8° 160.5 2533.6 70.0
55° 53.8° - 56.3° 1538 2687.4 74.2
57.5° 56.3° - 58.8° 146.7 2834.1 78.3
60° 58.8° - 61.3° 1377 2971.8 82.1
62.5° 61.3°-63.8° 127.3 30991 85.6
65° 63.8° - 66.3° 118.3 3217.4 88.9
67.5° 66.3° - 68.8° 105.8 3323.2 91.8
70° 68.8°-71.3° 89.6 34128 94.3
72.5° 71.3°-73.8° 741 3486.9 96.3
75° 73.8°-76.3° 57.2 3544.1 97.9
77.5° 76.3° - 78.8° 41.8 . 3586.0 99.1
80° 78.8° - 81.3° 245 3610.4 99.7
82.5° 81.3° - 83.8° 8.7 3619.2 100.0
85° 83.8° - 86.3° 0.6 3619.8 100.0
87.5° 86.3° - 88.8° 0.0 3619.8 100.0
90° 88.8° - 91.3° 0.0 3619.8 100.0

'-)PReport TiSl v2.58 Copynght (C) Photometnc Solutions Intemational 1994-2004
«aport s certified only on the to reproducs some part of them without permission from the Operation and Standards Department.
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OPERATION AND STANDARDS DEPARTMENT

- Report Number: E1013(E)/52 Report Date: 11/09/2009
mmwé‘f’m Operation Number: 5209BE1086 Test Date: 10/09/2009
ST REPORT [ Streetlight Luminaire ] Page 9 of 12

Luminous Flux Table (Continued)
Elevation Cone Lumens Cumulative Luminaire %
92.5° 91.3°-93.8° 0.0 3619.8 100.0
95° 93.8° -96.3° 0.0 3619.8 100.0
97.5° 96.3° - 98.8° 0.0 3619.8 100.0
100° 98.8° - 101.3° 0.0 3619.8 100.0
102.5° 101.3° - 103.8° 0.0 3619.8 100.0
105° 103.8° - 106.3° 0.0 3619.8 100.0
107.5° 106.3° - 108.8° 0.0 3619.8 100.0
110° 108.8° - 111.3° 0.0 3619.8 100.0
112.5° 111.3°-113.8° 0.0 3619.8 100.0
115° 113.8° - 116.3° 0.0 3619.8 100.0
117.5° 116.3° - 118.8° 0.0 3619.8 100.0
120° 118.8° - 121.3° 0.0 3619.8 100.0
1225° 121.3°-123.8° 0.0 3619.8 100.0
125° 123.8°-126.3° 0.0 3619.8 100.0
127.5° 126.3° - 128.8° 0.0 3619.8 100.0
130° 128.8° - 131.3° 0.0 3619.8 100.0
132.5° 131.3°-133.8° 0.0 3619.8 100.0
135° 133.8° - 136.3° 0.0 3619.8 100.0
137.5° 136.3° - 138.8° 0.0 3619.8 100.0
140° 138.8° - 141.3° 0.0 3619.8 100.0
142.5° 141.3° - 143.8° 0.0 3619.8 100.0
145° 143.8° - 146.3° 0.0 3619.8 100.0
147.5° 146.3° - 148.8° 0.0 3619.8 100.0
150° 148.8° - 151.3° 0.0 3619.8 100.0
1525° 151.3° - 153.8° 0.0 3619.8 100.0
155° 153.8° - 156.3° 0.0 3619.8 100.0
157.5° 156.3° - 158.8° 0.0 3619.8 100.0
160° 158.8° - 161.3° 0.0 3619.8 100.0
162.5° 161.3° - 163.8° 0.0 3619.8 100.0
165° 163.8° - 166.3° 0.0 3619.8 100.0
167.5° 166.3° - 168.8° 0.0 3619.8 100.0
170° 168.8° - 171.3° : 0.0 3619.8 100.0
172.5° 171.3°-173.8° 0.0 3619.8 100.0
175° 173.8° - 176.3° 0.0 3619.8 100.0
177.5° 176.3° - 178.8° 0.0 3619.8 100.0
180° 178.8° - 180.0° 0.0 3619.8 100.0

«iPReport TISI v2.58 Copyright (C) Photometric Solutions International 1994-2004 '
port is certified only on the tested sample. Prohibit to reproduce some part of them without permission from the Operation and Standards Department.

—<med by:...... 200D Certified by: %_f’j,ﬂj: FT 003(E)-1/05-47




<)

OPERATION AND STANDARDS DEPARTMENT

Report Number: E1013(E)/52 Report Date: 171/09/2009
Mﬁﬁ'}s‘ﬁ},’,‘u‘ﬂ Operation Number: 5209BE1086 Test Date:  10/09/2009
—=ST REPORT [ Streetlight Luminaire ] Page 10 of 12
Iso-Candela Diagram

Legend _ _

: *’(cd) : House Side _ Azimuths Street Side
L, N 270° 315° 0° - 45° 90
Max = 1275.1 90 o0°
11476 (90.0%) | | bbb

R - I e S S 80°
637.6 (50.0%) 80
127.5 - (19.0%) 70°
Elevations . b <N T Elevations
20° i, 20°
10° @° 10°
House Side Azimuths Street Side
270° 225° 180° 135° ao°
90 g0°
80°
70°
50°
Elevations Elevations
207 i ogpe
10° e 10°
l
1
I:PReport TISI v2.58 Copyright (C) Photometric Solutions international 1994-2004
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@) OPERATION AND STANDARDS DEPARTMENT

Report Number: E1013(E)/52 Report Date: 11/09/2009
l:ﬂ{*}i‘g;gﬁ@g#{g Operation Number: 5209BE1086 TestDate:  10/09/2009
BEST REPORT [ Streetlight Luminaire ] Page 11 of 12

Iso-Lux Diagram
y (m) co0°
3.0 — e
S - ™ N
- .
24 -~ \ .
. — <
/ \
/ N
1.8 s
/ \\
.-"r/ f’"’/—r—' I 3,
/ - ™~ Y
1.2 ,I e N .
/ / N \
{ ‘\
I 4
061 / // ™ \ - \
!
i
|
0.0 - co°
C180° || \
| \
" /
0.6 +—
&“\ ) S I r:/
\ \ / /’f
12 L. . | /
"\\ \\\._.__,_.-—-'/ /
\\ S
\, N //
1.8 \\\ —
N
\\ ) /
~.
2.4 P \\ //
\ ,,,-f""/
"--.M%‘_h_‘__‘_,___ﬁ—"
3.0 AN
3.0 24 -1.8 1.2 0.6 0.0 0.6 1.2 1.8 24 3.0
Cc270°
x (m)
Legend
Horizontal Iluminance il 139 (80.0%) 104 (60.0%)
All values in lux 69.6 (40.0%) 34.8 (20.0%)

Maximum llluminance = 174
Mounting Height=2.7 m

17.4 (10.0%)

PReport TISI v2.58 Copyright (C) Photometric Solutions International 1994-2004
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OPERATION AND STANDARDS DEPARTMENT

Bangpoo Industrial Estate Soi 8, Sukhumvit Road Km.37,
975 Moo 4, Praeksa, Muang, Samutprakarn 10280
Tel. +66 2709 4860-8 Fax. +66 2324 0917-8

= Ty
amiulwehiz3tinnsaiind
BECTRAL AR SETROMCS INTTUTE

TEST CERTIFIGATE [ Streetlight Luminaire ] Page 1/12

Report No.
Operation No.

Name and address of customer

' Sen1ole description

Sample No. -

Sample characterletlo and cond|t|on
Sample reoelpted date - )
Test date | -

Te.st standard

Test report

: E1014(E)/52

- 5209BE1087

Klng Mongkut S Unnversnty of Technology North Bangkok

- 1518 Pibulsongkram Road, Bangsue, Bangkok 10800
TeI 0- 2913 2500 Fax: 0-2587 4350

Streetllght Lumlnarre 1 Un|t

(Details did not specified on product)
eetosr
_Septernber:9, 2009”

S”eptember.1:5.,u200§v

. CIE 121:1996

Details of the test report as shown on the followrng pages

Test condltrons Voltage = 220 0 V/50 0 Hz Current = 1 051 A Power = 120 3 W

Test distance: 16 m
Auxiliary equipment:
Mercury Lamp:

Ballast:

Certified by @‘DF‘& p]’wn‘]eem\

(Mr. Pongpat Phanpean)

OSRAM MODEL:
SP ELECTRIC MODEL: Q125 For High pressure mercury lamp

Group Manager

Lighting Test Group Ope?taﬂss .,
i S SEP 2009 EhmggngaQ@Ug{,

HQL (MBF-U) 80W

1.15A 50Hz Cos® 0.54 tw130 230V

(Mr. Witee

Manager, §
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(‘) OPERATION AND STANDARDS DEPARTMENT

il Report Number: E1014(E)/52 ' Report Date: 15/09/2009
e Operation Number: 5209BE1087 Test Date:  15/09/2009
ST REPORT [ Streetlight Luminaire ] Page 3 of 12

- Luminous Inténsity Distribution
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@) OPERATION AND STANDARDS DEPARTMENT

L eV Report Number: E1014(E)/52 Report Date: 15/09/2009
Operation Number: 5209BE1087 TestDate:  15/09/2009
BEST REPORT [ Streetlight Luminaire ] Page 4 of 12

Luminous Intensity Table (cd)
-y \C 0.0 225 45.0 67.5 90.0 1125 1350 1575 180.0 2025 225.0 2475 270.0 2925
.0 885 885 885 885 885 885 885 885 885 885 885 885 885 885

25 894 864 847 830 824 822 830 842 860 885 914 982 962 967

.0 879 829 801 781 779 i 793 810 847 900 963 1070 1060 1060

1.5 860 793 763 748 746 745 759 782 831 911 1020 1170 1180 1170
:.0 835 761 731 720 720 718 728 750 808 914 1070 .1270 1320 1280

‘5 806 727 702 699 704 698 701 721 784 914 1110 1370 1450 1390
-0 780 698 678 686 688 685 677 693 760 807 1150 1470 1580 14390

5 752 673 659 671 674 675 660 670 736 899 1180 1550 1690 1580
0 728 654 645 659 668 662 645 650 715 892 1200 1610 1770 1640
5 706 634 631 650 662 652 632 633 695 882 1200 1650 1840 1690
0 686 619 618 644 652 646 619 618 676 872 1210 1670 1890 1720

5 668 603 608 633 640 635 611 602 665 864 1210 1690 1930 1730

) 653 592 598 621 634 628 600 595 645 863 1210 1690 1940 1740

5 642 583 586 613 632 612 590 585 637 856 1200 1670 1910 1710

«.0 629 574 574 602 624 607 577 576 631 852 1190 1630 1870 1670

‘5 621 566 563 586 622 584 565 570 626 851 1180 1570 1790 1600
- 613 564 552 562 613 577 555 564 619 850 1160 1500 1700 1520

-, 605 557 540 526 562 533 541 558 614 845 1140 1430 1610 1430

«.0 602 547 522 493 527 502 528 556 612 843 1110 1340 1480 1330

5 593 544 503 456 494 466 514 543 607 841 10980 1230 1310 1210

-0 594 542 482 421 464 434 497 542 597 838 1060 1130 1170 1110
“. 586 517 455 388 440 400 476 534 588 837 1040 1060 1040 1010
.0 556 486 430 364 420 376 452 518 586 835 1010 988 956 943

5 517 443 398 338 413 352 427 492 574 841 991 916 883 888
0 476 402 369 313 388 327 398 460 550 854 966 786 785 773
5 436 358 333 286 367 304 370 421 524 856 942 704 737 692
0 393 315 301 260 352 279 337 384 487 845 920 647 674 632
5 352 277 272 241 351 259 307 346 450 826 809 572 585 548
0 294 227 237 218 358 242 276 305 404 782 867 524 535 508
5 232 174 185 172 304 201 237 252 349 693 780 480 478 453
0 175 123 133 130 253 153 183 202 290 530 645 410 431 372
5 114 72.2 79.5 814 191 104 130 145 221 489 515 323 328 274
0 51.3 22.6 26.6 28.2 94.0 46.4 69.0 82.0 150 372 386 234 250 186
5 0.8 0.0 0.0 0.0 10.1 0.4 126 23.0 68.0 229 242 135 156 93.0
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 93.7 107 48.0 604 18.9
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 7.4 0.0 2.5 0.0
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PReport TISI v2.58 Copyright (C) Photometric Solutions International 1994-2004
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@) OPERATION AND STANDARDS DEPARTMENT

Report Number: E1014(E)/52 Report Date: 15/09/2009
‘mgﬂgm“ﬁ Operation Number: 5209BE1087 TestDate:  15/09/2009
BEST REPORT [ Streetlight Luminaire ] Page 5 of 12
Luminous Intensity Table (cd) (Continued)

-t \C 00 225 450 675 80.0 1125 1350 1575 180.0 2025 2250 2475 2700 2925
5 00 00 00 00 00 00 00 00 00 00 00 00 00 00
ﬁ.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
—.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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.@) OPERATION AND STANDARDS DEPARTMENT

. SO Report Number: E1014(E)/52 Report Date: 15/09/2009
.-@5‘-3';%%1%%{ Operation Number: 5209BE1087 TestDate:  15/09/2009

ST REPORT [ Streetiight Luminaire ] Page 6 of 12

Luminous Intensity Table (cd) (Continued)

-y \C 3150 3375 360.0

.0 885 885 885
2.5 950 923 894
;.0 1010 942 879
“5 1070 956 860

-0 1130 963 835

5 1180 960 806
0 1220 955 780
.5 1250 945 752
0 12710 932 728
5 1280 919 706
0 1280 909 686
5 1280 903 668
0 1270 891 653
5 1270 889 642
0 1250 883 629
5 1240 - 875 621
0 1220 870 613
5 1200 864 605
0 1180 858 602
5 1140 854 593
0 1120 850 594
5 1090 846 586
0 1060 854 556
5 1040 851 517
0 1010 834 476
5 979 805 436
0 957 782 393
5 915 753 352
0 853 682 294
5 736 576 232
0 585 464 175
5 42 367 114
0 301 230 513
5 156 864 0.8
0 340 00 00
5 00 00 00
-0 00 00 00

Report TIS! v2.58 Copyright (C) Photometric Solutions International 1994-2004
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-{) OPERATION AND STANDARDS DEPARTMENT

Report Number: E1014(E)/52 Report Date: 15/09/2009
mluifnsid  peration Number: 5209BE1087 TestDate:  15/09/2009
BEST REPORT [ Streetlight Luminaire ] Page 7 of 12

Luminous Intensity Table (cd) (Continued)

y\C 3150 3375 360.0

g.s 00 00 00
0 00 00 00
P75 00 00 00
1.0 00 00 00

2.5 00 00 00

o 00 00 00

00 00 00

p- o 00 00 00
00 00 00

; o 00 00 00

5 00 00 00

<0 00 00 00

_ 5 060 00 00
0 00 00 00

5 00 00 00
:4.0 00 00 00
"5 00 00 00

D 0 00 00 00
5 00 00 00

.0 00 00 00
E.s 00 00 00
.0 00 00 00

5 00 00 00
.0 00 00 00
"5 00 00 00

0 00 00 00

5 00 00 00

-0 00 00 00

25 00 00 00

0 00 00 00

5 00 00 00

-0 00 00 00

5 00 00 00

0 00 00 00

5 00 00 00
-0 00 00 00
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{_) OPERATION AND STANDARDS DEPARTMENT

Report Number: E1014(E)/52 Report Date: 15/09/2009
&?&ﬂgﬁg@mﬁ Operation Number: 5209BE1087 Test Date:  15/09/2009
EST REPORT [ Streetlight Luminaire ] Page 8 of 12
Luminous Flux Table
Elevation Cone Lumens Cumulative Luminaire %

0° 0.0°-1.3° 1.3 1.3 0.0
2.5° 1.3°-3.8° 10.6 11.9 0.3
5° 3.8°-6.3° 21.4 333 0.9
7.5° 6.3°-8.8° 324 65.7 1.9
10° 8.8°-11.3° 43.8 109.5 31
12.5° 11.3° - 13.8° 554 1648 4.7
15° 13.8° - 16.3° 67.0 231.9 6.6
17.5° . 16.3° - 18.8° 78.6 310.5 8.8
20° 18.8° - 21.3° 89.9 400.4 114
22.5° 21.3° - 23.8° 100.6 501.0 14.3
25° 23.8° - 26.3° 1110 612.0 174
27.5° 26.3° - 28.8° 120.8 732.8 20.9
30° 28.8° - 31.3° 129.9 862.7 24.5
32.5° 31.3°-33.8° 138.0 1000.7 28.5
35° 33.8°-36.3° 144.8 11455 326
37.5° 36.3° - 38.8° 1503 1295.7 36.9
40° 38.8° - 41.3° 154.6 1450.3 413
42.5° 41.3°-43.8° 156.7 16071 45.7
45° 43.8° - 46.3° 157.8 1764.9 §0.2
47.5° 46.3° - 48.8° 156.5 1921.5 547
50° 48.8° - 51.3° 155.5 2077.0 59.1
52.5° 51.3° - 53.8° 153.8 2230.7 63.5
55° 53.8° - 56.3° 152.2 2382.9 67.8
57.5° 56.3° - 58.8° 149.7 2532.6 721
60° 58.8° - 61.3° 143.7 2676.3 76.2
62.5° 61.3° -63.8° 138.5 2814.8 80.1
65° 63.8° - 66.3° 133.0 2947.8 83.9
67.5° 66.3° - 68.8° 126.0 3073.9 87.5
70° 68.8° - 71.3° 117.7 31916 90.8
72.5° 71.3°-73.8° 103.0 3294.6 93.8
75° 73.8° -76.3° 85.0 3379.6 96.2
71.5° 76.3° -78.8° 64.9 34445 98.0
80° 78.8° - 81.3° 427 3487.2 99.2
82.5° 81.3° - 83.8° 20.6 3507.7 99.8
85° 83.8° - 86.3° 6.3 3514.0 100.0
87.5° 86.3° - 88.8° 0.2 3514.2 100.0
90° 88.8° - 91.3° 0.0 3514.2 100.0

'PReport TIS1 v2.58 Copyright (C) Photometric Sofutions International 1994-2004
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@} OPERATION AND STANDARDS DEPARTMENT

A Report Number: E1014(E)/52 Report Date: 15/09/2009
mlliieifireld  Operation Number: 5209BE1087 TestDate:  15/09/2009
BEST REPORT [ Streetlight Luminaire ] Page 9 of 12

Luminous Flux Table (Continued)
Elevation Cone Lumens Cumulative Luminaire %
92.5° 91.3° - 93.8° 0.0 3514.2 100.0
95° 93.8° -96.3° 0.0 3514.2 100.0
97.5° 96.3° -98.8° 0.0 3514.2 100.0
100° 98.8° - 101.3° 0.0 3514.2 100.0
102.5° 101.3°-103.8° 0.0 3514.2 100.0
105° 103.8° - 106.3° 0.0 3514.2 100.0
107.5° 106.3° - 108.8° 0.0 3514.2 100.0
110° 108.8° - 111.3° 0.0 3514.2 100.0
112.5° 111.3°-113.8° 0.0 3514.2 100.0
115° 113.8° - 116.3° 0.0 3514.2 100.0
117.5° 116.3° - 118.8° 0.0 3514.2 100.0
120° 118.8° - 121.3° 0.0 3514.2 100.0
122.5° 121.3°-123.8° 0.0 3514.2 100.0
125° 123.8° - 126.3° 0.0 3514.2 100.0
127.5° 126.3° - 128.8° 0.0 3514.2 100.0
130° 128.8°-131.3° 0.0 3514.2 100.0
132.5° 131.3°-133.8° 0.0 3514.2 100.0
135° 133.8° - 136.3° 0.0 3514.2 100.0
137.5° 136.3° - 138.8° 0.0 3514.2 100.0
140° 138.8° - 141.3° 0.0 3514.2 100.0
142.5° 141.3° - 143.8° 0.0 3514.2 100.0
145° 143.8° - 146.3° 0.0 3514.2 100.0
147.5° 146.3° - 148.8° 0.0 3514.2 100.0
150° 148.8° - 151.3° 0.0 3514.2 100.0
152.5° 151.3° - 153.8° 0.0 3514.2 100.0
155° 153.8° - 156.3° 0.0 3514.2 100.0
157.5° 156.3° - 158.8° 0.0 3514.2 100.0
160° 158.8° - 161.3° 0.0 3514.2 100.0
162.5° 161.3° - 163.8° 0.0 3514.2 100.0
165° 163.8° - 166.3° 0.0 3514.2 100.0
167.5° 166.3° - 168.8° 0.0 3514.2 100.0
170° 168.8° - 171.3° 0.0 3514.2 100.0
172.5° 171.3°-173.8° 0.0 3514.2 100.0
175° 173.8°-176.3° 0.0 3514.2 100.0
177.5° 176.3° - 178.8° 0.0 3514.2 100.0
180° 178.8° - 180.0° 0.0 3514.2 100.0

PReport TISI v2.58 Copyright (C) Photometric Solutions international 1994-2004
is certified only on tha tested sample. Prohibit to reproduce some part of them without permission from the Operation and Standards D
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OPERATION AND STANDARDS DEPARTMENT

Report Number: E1014(E)/52 Report Date: 15/09/2009
P“m&'ﬁmm"ﬁ Operation Number: 5209BE1087 Test Date:  15/09/2009
p—ST REPORT [ Streetlight Luminaire ] Page 10 of 12
Iso-Candela Diagram
Legend - | - . |
(cd) - House Side Azimuths Street Side -
Ca b g | 270° 315° 0° 45° 90°
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Report TISI v2.58 Copyright (C) Photometric Solutions International 1994-2004
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Q.) OPERATION AND STANDARDS DEPARTMENT

Report Number: E1014(E)/52
ihifnsid  Qperation Number: 5209BE1087

Report Date: 15/09/2009
Test Date: 15/09/2009

ST REPORT [ Streetlight Luminaire }

Page 11 of 12

Iso-Lux Diagram .
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Legend i )
Horizontal llluminance 161 (80.0%) 121 (60.0%)
All values in lux 80.7 (40.0%) 40.3 (20.0%)
Maximum llluminance = 202
Mounting Height=2.7 m 20.2 (10.0%)
'Report TISI v2.58 Copyright (C) Photometric Solutions Intemational 1994-2004
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CPERRTION AHD STANDRRES DEPRRTIAENT

Bangpoo Industrial Estate Soi 8, Sukhumvit Road Km.37,
975 Moo 4, Praeksa, Muang, Samutprakarn 10280

amummq'lﬂaﬁlﬁﬂﬂiﬂ“ﬂé Tel. +66 2709 4860-8 Fax. +66 2324 0917-8
ELECTRCAL AMD ELECTROR S IKSTITTE

TEST GERTIFIGATE [ Streetlight Luminaire ] Page 1/10

Report No : E1015(E)/52

Operatron No. - 5209BE1088

Name and address of customer | Krng Mongkuts Unrversrty of Technology North Bangkok
- 15618 Pibulsongkram Road, Bangsue, Bangkok 10800
ﬁ Tel :0-2913-2500 Fax : 0-2687-4350

Sample description : Streetlrght Lum|na|re 1 Umt

. (Details did not specified on product)

Sample No. ' BE1088

Sample characteristic and condition Normal

‘Sample recerpted date o September 9 2009

Test date September 11 2009
Test standard CIE 121:1996

Test report Details of the test report as shown on the followmg pages

rest condmons Voltage = 220 O V/50 0 Hz Current O 459 A Power = 46 06 W
I st distance: 16 m

___ertified by %Fo:t P’m\r-pawn
(Mr. Pongpat Phanpean)

Group Manager

Lighting Test Group

16 SEP 2009

is document is certified only on the tested sample. Prohibit to reproduce some part of them without permission from the Operation and Standards Department.
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@) OPERATION AND STANDARDS DEPARTMENT

A Report Number:  E1015(E)/52 Report Date: 11/09/2009
’&?ﬂggﬁ'gﬁ“;“ﬁ Operation Number: 5209BE1088 Test Date:  11/09/2009
EST REPORT [ Streetlight Luminaire ] Page 3 of 10

Luminous Intensity Distribution

Legend 0.0} 90°
(C-Planes)

0° 70.0
- 45° 75
— 90° 140
— 135°
——  180° 0
—— 225° 210 60
— 270°
— 315°
— 360° 20

420

uminous Intensity
— (cd)

Elevation Angle (°)
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@{) OPERATION AND STANDARDS DEPARTMENT

Report Number: E1015(E)/52 Report Date: 11/09/2009
&‘.‘i‘ggﬁmgﬁ Operation Number: 5209BE1088 Test Date:  11/09/2009
EmEST REPORT [ Streetlight Luminaire ] Page 4 of 10

Luminous Intensity Table (cd)

“1C 00 225 450 675 90.0 1125 1350 157.5 180.0

202.5 225.0 247.5 270.0 292.5 315.0 337.5 360.0

654 654 654 654 654 654 654 654 654 654 654 654 654 654 654 654 654
656 654 652 652 652 654 654 656 656 653 652 651 649 655 657 658 656
656 653 652 650 649 652 655 654 654 653 653 650 648 653 655 656 656
653 651 649 648 646 650 653 655 653 652 653 648 645 650 654 654 653
648 648 646 645 643 647 651 652 650 649 649 644 641 645 651 650 648
642 641 642 644 639 642 647 646 645 644 645 638 636 641 646 643 642
633 635 635 636 634 637 641 640 637 637 637 632 629 6356 639 635 633
624 625 632 630 628 631 635 632 630 629 630 627 621 627 630 625 624
614 616 619 621 619 624 625 624 619 619 624 624 612 619 619 615 614
603 605 608 610 610 617 615 614 610 608 611 608 603 610 607 605 603
591 593 594 598 597 605 €604 602 598 597 597 597 591 598 595 592 591
576 580 582 587 585 592 591 590 585 584 585 584 578 582 580 578 576
6561 564 569 572 573 578 577 576 572 572 571 569 564 569 566 564 561
545 547 553 556 558 565 562 562 556 554 554 554 550 552 549 549 545
526 529 534 538 543 549 544 544 540 537 538 535 532 536 532 530 526
508 509 513 518 526 529 527 526 521 517 518 516 516 517 514 509 508
488 489 494 497 508 508 507 504 503 498 498 495 498 497 492 489 488
466 468 475 478 487 488 487 483 482 476 479 474 475 475 470 467 466
443 444 451 455 464 465 464 461 458 453 454 452 453 449 448 445 443
418 419 427 434 443 443 439 437 433 429 431 429 430 428 422 419 418
393 394 402 405 419 418 411 409 408 404 404 400 406 401 393 392 393
365 367 373 379 393 389 387 382 381 377 376 372 379 373 368 364 365
336 338 344 346 365 358 358 354 350 347 347 341 351 342 338 334 336
307 308 315 318 334 328 327 322 320 316 316 313 320 310 308 304 307
276 279 281 286 302 294 295 288 287 284 284 279 287 276 276 274 276
243 246 250 253 271 260 262 256 255 251 249 244 256 244 244 243 243
209 213 216 217 236 224 225 224 221 218 214 209 222 207 208 210 209
174 180 183 180 199 190 190 191 187 185 177 172 184 172 178 176 174
141 145 150 143 160 152 157 158 152 151 144 135 143 134 144 142 141
107 110 114 108 119 114 124 122 120 116 112 986 104 99.0 109 107 107
736 748 770 762 805 775 888 873 872 818 772 660 684 670 742 735 736
451 444 456 478 434 481 563 575 576 507 444 372 352 418 428 430 451
210 199 175 168 147 246 272 306 317 258 179 144 91 130 164 186 21.0
07 00 O00 00 00 00 45 88 95 49 00 00 0. 00 0.0 00 07
0.0 00 0.0 0.0 0.0 00 00 0.0 00 00 00 0.0 0.0 00 0.0 00 00
0.0 00 0.0 00 00 00 00 0.0 00 0. 00 00 00 0.0 00 00 0.0
0.0 00 0.0 00 00 0.0 00 0.0 00 0.0 00 00 0. 00 0.0 00 0.0
PReport TISI v2.58 Copyright (C) Photometric Solutions International 1994-2004
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t) OPERATION AND STANDARDS DEPARTMENT

Report Number:  E1015(E)/52 Report Date: 11/09/2009
Wilvlnifnsid  Operation Number: 5209BE1088 TestDate:  11/09/2009

ST REPORT [ Streetlight Luminaire ] Page 5 of 10

Luminous Intensity Table (cd) (Continued)

= C 00 225 450 67.5 900 1125 135.0 1575 180.0 2025 225.0 247.5 270.0 2925 315.0 337.5 360.0

(] 00 00 00 00 00 00 OO0 O00 24 00 ©00 O00 00 00 00 00 O.
00 00 00 O00 OO0 00 00 65 63 09 00 00 00 00 00 0.0 0.0
00 00 00 00 00 00 122 138 1.7 113 99 00 00 00 00 00 00
00 00 00 00 00 00 236 224 188 211 167 00 00 00 00 00 00
25 49 00 00 00 00 250 258 237 227 180 00 00 00 28 44 25
48 56 00 00 00 00 171 233 207 216 13 00 00 00 00 53 48
13 00 00 ©O00 00 00 00 176 160 143 00 00 00 00 00 00 13
00 00 00 00 00 00 00 29 70 00 oO00 00 OO0 OO0 00 oO00 0.0
00 00 00 00 00 00 00 00 ©O00 OO0 00 oO00 00 00 00 00 00
00 00 00 00 00 00 OO0 OO0 ©00 00 o0O0 O00 00 00 00 o00 0.
00 00 00 00 00 00 00 00 ©0O0 00 00 o00 00 00 00 00 00
00 00 00 00 00 00 00 O00 OO0 00 O00 o00 OO0 00 00 00 0.0
00 00 00 00 00 00 00 00 OO0 00 O00 00 o00 00 00 00 0.
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@) OPERATION AND STANDARDS DEPARTMENT

T rwet Report Number: E1015(E)/52 Report Date: 11/09/2009
pullilidfusid  Qperation Number: 5209BE1088 TestDate:  11/09/2009
EST REPORT [ Streetlight Luminaire ] Page 6 of 10
Luminous Flux Table
Elevation Cone Lumens Cumulative Luminaire %
0° 0.0°-1.3° 1.0 1.0 01
2.5° 1.3°-3.8° 78 8.8 0.5
5° 38°-63° 15.6 244 13
75° 6.3°-8.8° 233 47.7 26
10° 88°-11.3° 30.8 78.5 43
12.5° 11.3°-13.8° 38.1 116.6 6.4
15° 13.8°-16.3° 451 161.7 89
17.5° 16.3°-18.8° 51.8 213.5 117
20° 18.8° - 21.3° 58.1 271.6 149
225° 21.3°-23.8° 63.9 335.5 184
25° 23.8° - 26.3° 69.1 404.7 222
27.5° 26.3°-28.8° 73.9 478.5 26.3
30° 28.8° - 31.3° 78.1 556.7 30.6
32.5° 31.3°-33.8° 81.6 638.3 35.1
35° 33.8°-36.3° 844 7226 39.7
37.5° 36.3°-38.8° 86.4 809.1 445
40° 38.8° - 41.3° 817 896.8 493
42.5° 41.3°-43.8° 88.3 . 9851 54.1
45° 43.8° -46.3° 87.9 1073.0 59.0
471.5° 46.3° - 48.8° 86.9 1160.0 63.7
5¢° 48.8° - 51.3° 84.8 1244.7 68.4
52.5° 51.3°-53.8° 81.9 1326.7 729
55° 53.8° -56.3° 7.9 1404.5 7.2
57.5° §6.3° - 58.8° 73.2 1411.7 81.2
60° 58.8° - 61.3° 67.5 1545.2 84.9
62.5° 61.3°-63.8° 61.2 1606.4 88.3
65° 63.8° -66.3° 53.9 1660.3 91.2
67.5° 66.3° - 68.8° 46.2 1706.5 93.8
70° 68.8°-71.3° 379 1744.4 95.8
72.5° 71.3°-73.8° 291 1773.5 97.4
75° 73.8°-76.3° 204 1793.9 98.6
77.5° 76.3° -78.8° 124 1806.3 99.2
80° 78.8° - 81.3° 54 1811.6 99.5
82.5° 81.3°-83.8° 0.5 18121 996
85° 83.8° -86.3° 0.0 18121 99.6
87.5° 86.3° -88.8° 0.0 1812.1 99.6
90° 88.8° - 9NM.3° 0.0 1812.1 9.6

Report TISI v2.58 Copyright (C) Photometric Solutions International 1994-2004
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_.(‘) OPERATION AND STANDARDS DEPARTMENT

Report Number: E1015(E)/52 Report Date: 11/09/2009
,ﬁ‘:‘g‘ﬁﬂ“g‘ﬁ“ﬁ Operation Number: 5209BE1088 TestDate:  11/09/2009
BEST REPORT [ Streetlight Luminaire ] Page 7 of 10
Luminous Flux Table (Continued)

Elevation . Cone Lumens Cumulative Luminaire %
92.5° 91.3°-93.8° 0.0 1812.2 99.6
95° 93.8°-96.3° 0.2 18124 99.6
97.5° 96.3° -98.8° 1.0 18134 99.6
100° 98.8° - 101.3° 1.7 1815.1 99.7
102.5° 101.3° - 103.8° 2.2 1817.3 99.9
105° 103.8° - 106.3° 1.6 1819.0 99.9
107.5° 106.3° - 108.8° 0.8 1819.8 100.0

110° 108.8° - 111.3° 0.2 1819.9 100.0

112.5° 111.3°-113.8° 0.0 1819.9 100.0
115° 113.8°- 116.3° 0.0 1819.9 100.0
117.5° 116.3° - 118.8° 0.0 1819.9 100.0
120° 118.8° - 121.3° 0.0 1819.9 100.0
122.5° 121.3°-123.8° 0.0 1819.9 100.0
125° 123.8° - 126.3° 0.0 1819.9 100.0
127.5° 126.3° - 128.8° 0.0 1819.9 100.0
130° 128.8° - 131.3° 0.0 1819.9 100.0
132.5° 131.3°-133.8° 0.0 1819.9 100.0
135° 133.8°-136.3° 0.0 1819.9 100.0
137.5° 136.3° - 138.8° 0.0 1819.9 100.0
140° 138.8°-141.3° 0.0 18199 100.0
142.5° 141.3° - 143.8° 0.0 1819.9 100.0
145° 143.8° - 146.3° 00 . 1819.9 100.0
147.5° 146.3° - 148.8° 0.0 1819.9 100.0
150° 148.8° - 151.3° 0.0 1819.9 180.0
152.5° 151.3° - 153.8° 0.0 1819.9 100.0
155° 153.8° - 156.3° 0.0 1819.9 100.0
157.5° 156.3° - 158.8° 0.0 1819.9 100.0
160° 158.8° - 161.3° 0.0 1819.9 100.0
162.5° 161.3° - 163.8° 0.0 1819.9 100.0
165° 163.8° - 166.3° 0.0 1819.9 100.0
167.5° 166.3° - 168.8° 0.0 1819.9 100.0
170° 168.8° - 171.3° 0.0 1819.9 100.0
172.5° 171.3°-173.8° 0.0 1819.9 100.0
175° 173.8° - 176.3° 0.0 1819.9 100.0
171.5° 176.3° - 178.8° 0.0 1819.9 100.0
180° 178.8° - 180.0° 0.0 1819.9 100.0

Report TISI v2.58 Copyright (C) Photometric Solutions intemational 1994-2004
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OPERATION AND STANDARDS DEPARTMENT

S Report Number: E1015(E)/52 Report Date: 11/09/2009

nbtudinsind  Qperation Number: 5209BE1088 Test Date:  11/09/2009

ST REPORT [ Streetlight Luminaire ] Page 8 of 10

Iso-Candela Diagram

Legend , _ _ _

S (cd) - * House Side Azimuths Street Side
o : L 270° 315° 0 45° Q0°

MaX = 657-7 % 900

691.9 (90.0%)
328.9 (50.0%)

65.8 (10.0%)

P

80°

70°

10°

20°

Elevations 40° Elevations
House Side Azimuths Street Side
270° 225° 180° 135° 90°

90 goo
80°

70°

Elevations 40° 40°  Elevations

20°
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\-}) OPERATION AND STANDARDS DEPARTMENT

Report Number: E1015(E)/52 Report Date: 11/09/2009
.‘,;LT‘H‘“?‘E‘@&‘T“,’?W%W““% Operation Number: 52098E1088 Test Date:  11/09/2009
EST REPORT [ Streetlight Luminaire ] Page 9 of 10
Iso-Lux Diagram
y (m) c90°
3.0 ——
/ - %H‘\
24 / \\\
18 / L N
) 1 \
™ B

0.0

I c180°

LT T

-0.6

"/’F‘"_ | o

s \
) l.
S
/ /

-1.8 \

/

24 \x\ ] A
3.0 ]
-3.0 24 -1.8 1.2 0.6 0.0 0.6 1.2 1.8 24 3.0
C270°
x (m)
Legend
Horizonta?llluminance s 72.0 (80.0%) §4.0 (60.0%)

All values in lux
Maximum llluminance = 90.0
Mounting Height =2.7 m

36.0 (40.0%)
2 9.00 (10.0%)

18.0 (20.0%)
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—fernational | |RS.254(0,1 )(S)PbF

=R Rectifier

Alternate application circuit using a single MOSFET

VBUS o— YY"
2
o o VOUT+
L L
< Rst RSIZ
pvce ) BOOT h
' K2
RS2 o
1
cveat VG T\ J |8
gj o == [E—o
L A
ROVi T I COMI___ W HO RG1 y]
-3
2 octaMP | ove 2 N - v I»': M1
a1 A4 7 F8 (€2} vs CBOOT L1
CBUS(?:Busz—_ —1i3 2 6 —Y Y ¢
oov ENN o Lo
1'——1—‘1 b = & >
COUT-T~
ROV2:
RE DI
> cen R VOUT-
Yy
Z Res
L
cF ROUTE;
1
(o} . ) 3 &
END- i : :
DEN1
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lernational IRS254(0,1)(S)PbF

2R Rectifier

<Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage
parameters are absolute voltages referenced to COM, all currents are defined positive into any lead. The thermal
resistance and power dissipation ratings are measured under board mounted and still air conditions.

Symbol Definition Min. Max. Units
. . . IRS2540 -0.3 225
Vs High-side floating supply voltage
IRS2541 -0.3 625
Vs High-side fioating supply offset voltage Ve -25 Vg +0.3
Vho High-side floating output voltage Vs-0.3 Ve+0.3 A
Vio Low-side output voltage -0.3 Vee + 0.3
Vies Feedback voltage 0.3 Vee +0.3
Venn Enable voltage -0.3 Vee +0.3
lec Supply current (Note 1) -20 20 mA
dv/dt Allowable offset voltage slew rate -50 50 V/ns
Package power dissipation @ T < +25 °C (8-Pin DIP) - 1 ;
Po = w
Po = (Tamax-TaR1msa (8-Pin SOIC) 0.625
. . . (8-Pin DIP) -— 125
Rthia Thermal resistance, junction to ambient °CW
(8-Pin SOIC) - 200
T, Junction temperature -55 150
Ts Storage temperature -55 150 °C
T Lead temperature (soldering, 10 seconds) - 300

Note 1: This IC contains a zener clamp structure between the chip Vcc and COM, with a nominal breakdown voltage of
15.6 V. Please note that this supply pin should not be driven by a low impedance DC power source greater than Ve e
specified in the electrical characteristics section.

Recommended Operating Conditions

For proper operation the device should be used within recommended conditions.
Symbol Definition Min. Max. Units

Ves High side floating supply voltage Vee - 0.7 Verame
IRS2540 1 200

Vs Steady state high-side floating supply offset voltage \
IRS2541 -1 600

Vee Supply voltage Vecuvs Verawe

lce Supply current Note 2 10 mA

T, Junction temperature -25 125 °C

Note 2: Sufficient current should be supplied to Vce to keep the internal 15.6 V zener regulating at Ve ame.

irf.com ) Page 3




=ternational IRS254(0,1)(S)PbF

mCR Rectifier

Electrical Characteristics
Vee = Vas = VBIAS =14V +/-0.25 V, CL0=CH0=1000 pF, CVCC:CVBS=0-1 [.IF, TA=25 °C unless otherwise SpeCiﬁed.

Symbol Definition Min | Typ |Max |Units |Test Conditions
Supply Characteristics
Vce supply undervoltage positive going .
Vecuvs threshold 8.0 9.0 100 Vcc rising from 0 vV
Vee supply undervoitage negative going ]
Veeuv- threshold 6.5 7.5 8.5 \ Vcc falling from 14 V
Vuwivs | Vee supply undervoltage lockout hysteresis 1.0 1.2 2.0
laccuv UVLO mode quiescent current -— 50 150 pA Vec=6 V
laccenn | Diesabled mode quiescent current — 1.0 20 EN>Ventne
lace Quiescent V¢c supply current — 1.0 2.0 mA ks =1V
= 0,
lcsse | Vee Supply current, f = 50 kHz — | 20| 30 D“Wf Sé%'ino %
Veuawe  |Vec zener clamp voltage 14.6 156 16.6 \ lece =10 mA
Floating Supply Characteristics
lasso Quiescent Vs supply current — 1.0 2.0 Vio = Vs
mA
lasi Quiescent Vs supply cumrent — 2.0 3.0 kg =0V
Ves supply undervoltage positive going
Vasuvs threshold 6.5 7.5 8.5 v
Ves supply undervoltage negative going
Veswv- Lihreshold 60 | 70 | 80
IRS2540:Va=Vs=200 V
lix Offset supply leakage current - 1 50 pA IRS2541:Ve=Ve=600 V
Current Control Operation
Venntie  |ENN pin positive threshold 25 2.7 3.0
Vewnrs. | ENN pin negative threshold 17 | 20 23 v
Vos 0.5 V voltage reference (die level test) 490 500 510
mv
VieatH IFB pin threshold 455 500 540
f Maximum frequency - 500 —- kHz
Gate Driver Output Characteristics
Vo Low level output voltage (HO or LO) — COM - v
Vi High level output voltage (HO or LO) — Vee —
t Turn-on rise time - 50 120 ns
t Tum-off fall time — 30 50
10w Output source/sink short circuit pulsed current - 0.5/0.7 — A
DT Deadtime - 140 -
teo.on Delay between Vigg>Vieam and LO tum-on - 320 - Irs = 50 kHz square
wave, 200 mV pk-pk
troorr | Delay between Vigg<Viegtn and LO tum-off — 180 - ns DC offset = 40({5)J m’:/
tHO.QN Delay between VIFB<VIFBTH and HO tum-on -— 320 - DUty Cyde =50%
thoorr | Delay between Vigp>Viegry and HO tum-off —_— 180 —

Page 4
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International |R3254(0,1)(S)PbF

ICR Rectifier

8-Lead SOIC
JTape & Reel
LOADED TAPE FEED DIRECTION
| e————>d
B A /H
rd
g | -
( & o o[
T s ) 7, N I _ﬁ] D
: M CINENRE
— 2 A\l A —4J ¢
//
NOTE: CONTROLLING
DIMENSION IN MM E
G
CARRIER TAPE DIMENSION FOR 8S0OICN
Metric Imperial
Code Min Max Min Max
7.90 8.10 0.311 0.318
B 3.90 4.10 0.153 0.161
C 11.70 12.30 0.46 0.484
D 5.45 5.565 0.214 0.218
E 6.30 6.50 0.248 0.255
F 5.10 5.30 0.200 0.208
G 1.50 n/a 0.059 n/a
H 1.50 1.60 0.059 0.062
Sy
ﬂ&
lc ia 1
Z ., A
E {
— . G
| e
H
REEL DIMENSIONS FOR 8SOICN
Metric Imperial
Code Min Max Min Max
A 329.60 330.25 12.976 13.001
B 20.95 21.45 0.824 0.844
] 12.80 13.20 0.503 0.519
D 1.95 2.45 0.767 0.096
E 98.00 102.00 3.858 4.015
F n/a 18.40 n/a 0.724
G 14.50 17.10 0.570 0.673
H 12.40 14.40 0.488 0.566
www.irf.com Page 13



International

ISR Rectifier IRS254(0,1)(S)PbF

LEAD-FREE PART MARKING INFORMATION

Part number—— IRSxXxXxXxX

Date code——YWW'_?_ Ig;R_

IR logo

Pin 1—| @ 2XXXX_|

dentifi T |
ldentifier Lot Code
?

MARKING CODE (Prod mode —4 digit SPN code)

P Lead Free Released

Non-Lead Free
Relased

Assembly site code
Per SCOP 200-002

ORDER INFORMATION

8-Lead PDIP IRS2540PbF
8-Lead PDIP IRS2541PbF
8-Lead SOIC IRS2540SPbF
8-Lead SOIC IRS2541SPbF
8-Lead SOIC Tape & Reel IRS2540STRPbF
8-Lead SOIC Tape & Reel 1RS2541STRPbF

International
ICR Rectifier

The SOIC-8 is MSL2 qualified.
This product has been designed and qualified for the industrial level.
Qualification standards can be found at www.irf.com <http://www.irf.com>
IR WORLD HEADQUARTERS: 233 Kansas St El Segundo, California 90245, Tel: (310) 252-7105
Data and specifications subject to change without notice 2/2/2007

wwv.irf.com
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National Semiconduct

LM2576/LM2576HV Series

General Description

The LM2576 series of regulators are monolithic integrated
circuits that provide all the active functions for a step-down
(buck) switching regutator, capable of driving 3A load with
excellent line and load regulation. These devices are avail-
able in fixed output voltages of 3.3V, 5V, 12V, 15V, and an
adjustable output version.

Requiring a minimum number of external components, these
regulators are simple to use and include internal frequency
compensation and a fixed-frequency oscillator.

The LM2576 series offers a high-efficiency replacement for
popular three-terminal linear regulators. It substantially re-
duces the size of the heat sink, and in some cases no heat
sink is required.

A standard series of inductors optimized for use with the
LM2576 are available from several different manufacturers.
This feature greatly simplifies the design of switch-mode
power supplies.

Other features include a guaranteed +4% tolerance on out-
put voltage within specified input voltages and output load
conditions, and £10% on the oscillator frequency. External
shutdown is included, featuring 50 pA (typical) standby cur-
rent. The output switch includes cycle-by-cycle current limit-
ing, as well as thermal shutdown for full protection under
fault conditions.

SIMPLE SWITCHER® 3A Step-Down Voltage Regulator

June 1999
or

Features

® 3.3V, 5V, 12V, 15V, and adjustable output versions
m Adjustable version output voltage range,

1.23V to 37V (57V for HV version) 4% max over
line and load conditions

Guaranteed 3A output current

Wide input voltage range, 40V up to 60V for

HV version

Requires only 4 external components

52 kHz fixed frequency internal oscillator

TTL shutdown capability, low power standby mode
High efficiency

Uses readily available standard inductors

Thermal shutdown and current limit protection

P+ Product Enhancement tested

Applications

B Simple high-efficiency step-down {buck) regulator
® Efficient pre-regulator for linear regulators

® On-card switching regulators

® Positive to negative converter (Buck-Boost)

Typical Application (Fixed Output Voltage Versions)

7V - 40V
{60V for HV} Yy

LM2576/

SIMPLE SWITCHER® is a of Nationat i G

UNREGULATED _
D¢ INPUT 1] LM2576HY
5.0 -
+
?:o I Nl VL DI‘DO#HL
I # 185822

FIGURE 1.

FEEDBACK
4
UTPUT L M
o T REGULATED
QUTPUT
| Cour 3A LOAD
1000 uf

11—

DS011476-1

© 1993 National Semiconductor Corporation DS011476

www.national.com
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Block

UNREGULATED
DC INPUT

Diagram

\7

— | BACK

Rz FIXED GAIN
ERROR AMP

COMPARATOR

>

3
1.23V [ (L)
BAND-GAP 52 kiZ fdoocrr| | THERMAL | | ourrent M
REFERENCE | |OSCILLATOR SHUTDOWN LINIT — 0
GND
DSﬂ||47_52
33VR2 = 1.7k
5V, RZ = 3.1k
12V, R2 = 8.84k
15V, R2 = 11.3k
For ADJ. Version
R1 = Open, R2 = 00
Patent Pending
Ordering Information
Temperature Output Voltage NS Package Package
Range 33 5.0 12 15 ADJ Number Type
-40'C < T, | LM2576HVS-3.3 LM2576HVS-5.0 LM2576HVS-12 | LM2576HVS-15 | LM2576HVS-ADJ TSSB TO-263
$125°C N os7esaa LM25765-5.0 LM25765-12 LM2576S-15 LM2576S-ADJ
LM2576HVSX-3.3 | LM2576HVSX-5.0 | LM2576HVSX-12 | LM2576HVSX-15 | LM2576HVSX-ADJ TS58
LM25765%-3.3 LM25765X-5.0 LM25765X-12 LM25765X-15 LM2576SX-ADJ Tape & Reel
LM2576HVT-3.3 LM2576HVT-5.0 LM2576HVT-12 | LM2576HVT-15 | LM2576HVT-ADJ TO5A T0O-220
LM2576T-3.3 LM2576T-5.0 LM2576T-12 LM2576T-15 LM2576T-ADJ
LM2576HVT-3.3 LM2576HVT-5.0 LM2576HVT-12 | LM2576HVT-15 | LM2576HVT-ADJ TOSD
Flow LB03 Flow LBO3 Flow LB03 Flow LB03 Flow LB03
LM2576T-3.3 LM2576T-5.0 LM2576T-12 LM2576T-15 LM2576T-ADJ
Flow LB03 Flow LB03 Flow LB0O3 Flow LB03 Flow LB03
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Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Maximum Supply Voltage
LM2576
LM2576HV

ON /OFF Pin Input Voltage

Output Voltage to Ground
(Steady State)

Power Dissipation

Storage Temperature Range

Maximum Junction Temperature

45v
63V
-0.3V <V < 4V,

-1V

Internally Limited
-65'C to +150°C
150°C

LM2576-3.3, LM2576HV-3.3

Electrical Characteristics
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature

Minimum ESD Rating.
(C =100 pF, R = 1.5 kQ2)
Lead Temperature
(Soldering, 10 Seconds)

Operating Ratings

Temperature Range
LM2576/LM2576HV

Supply Voltage
LM2576
LM2576HV

260°C

-40°C <T,<+125C

40v
60V

Range. )
Symbol Parameter Conditions LM2576-3.3 Units
LM2576HV-3.3 {Limits)
Typ Limit
{Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vour Output Voltage Vin = 12V, 1 oap = 0.5A 3.3 \
’ Circuit of Figure 2 3.234 V(Min)
3.366 V(Max)
Vour Output Voltage BV < V) <40V, 0.5A < | oap < 3A 33 \Y
LM2576 Circuit of Figure 2 3.168/3.135 V(Min)
3.432/3.465 V(Max)
Vour Output Voltage BV < Vi S 60V, 0.5A < I oap € 3A 33 \Y
LM2576HV Circuit of Figure 2 3.168/3.135 V(Min)
3.450/3.482 V{Max)}
n Efficiency Vin = 12V, lioap = 3A 75 %

LM2576-5.0, LM2576HV-5.0

Electrical Characteristics
Specifications with standard type face are for T, = 25°C, and those with Figure 2 boldiace type apply over full Operating

Temperature Range.

Symbol Parameter Conditions LM2576-5.0 Units
LM2576HV-5.0 {Limits)
Typ Limit
. (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vour Output Voltage Vin = 12V, I gap = 0.5A 5.0 v
Circuit of Figure 2 4.900 V(Min)
5.100 V(Max)
Vour Qutput Voltage 0.5A <l oap < 3A, 5.0 \%
LM2576 8V <V, <40V 4.800/4.750 V(Min)
Circuit of Figure 2 5.200/5.250 V(Max)
Vour Output Voltage 0.5A < [ onp € 3A, 5.0 \
LM2576HV 8V <V, < 60V 4.800/4.750 V(Min)
Circuit of Figure 2 5.225/5.275 V(Max)
n Efficiency Vin =12V, I oao = 3A 77 %

www.national.com



LM2576-12, LM2576HV-12
Electrical Characteristics
Specifications with standard type face are for T,

= 25°C, and those with boldface type apply over full Operating Temperature

Range.
Symbol Parameter Conditions LM2576-12 Units
LM2576HV-12 {Limits)
Typ Limit
{Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vous Output Voltage Viny = 25V, 1 oap = 0.5A 12 \Y
Circuit of Figure 2 11.76 V(Min)
12.24 V(Max)
Vout Output Voltage 0.5A < oap < 3A, 12 v
LM2576 15V €V, < 40V 11.52/11.40 V(Min)
Circuit of Figure 2 12.48/12.60 V(Max)
Vour Output Voltage 0.5A < | oap <€ 3A, 12 \
LM2576HV 15V <V, < 60V 11.52/11.40 V{Min)
Circuit of Figure 2 12.54/12.66 V({Max)
n Efficiency Vin =15V, Ligap = 3A 88 %

LM2576-15, LM2576HV-15
Electrical Characteristics
Specifications with standard type face are for T,

= 25°C, and those with boldface type apply over full Operating Temperature

Range.
Symbol Parameter Conditions LM2576-15 Units
LM2576HV-15 {Limits)
Typ Limit
(Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vour Output Voltage Vin = 25V, loap = 0.5A 15 v
Circuit of Figure 2 14.70 V(Min)
15.30 V(Max)
Vour Output Voltage 0.5A <l oap < 3A, 15 \
LM2576 18V < Vi € 40V 14.40/14.25 V(Min)
Circuit of Figure 2 15.60/15.75 V(Max)
Vour Output Voitage 0.5A < | gap < 3A, 15 A
LM2576HV 18V £V, < 60V 14.40/14.25 V{Min})
Cireuit of Figure 2 15.68/15.83 V{Max)
n Efficiency Vin = 18V, I oap = 3A 88 %

LM2576-ADJ, LM2576HV-ADJ
Electrical Characteristics
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature

Range.
Symbol Parameter Conditions LM2576-ADJ Units
LM2576HV-ADJ {Limits)
Typ Limit
(Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vout Feedback Voltage Vin T 12V, I gap = 0.5A 1.230 A
Vour = 5V, 1.217 V(Min)
Circuit of Figure 2 1.243 V(Max)
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LM2576-ADJ, LM2576HV-ADJ
Electrical Characteristics (Continued)

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over fult Operating Temperature

Range.
Symbol Parameter Conditions LM2576-ADJ Units
LM2576HV-AD (Limits)
Typ Limit
{Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vour Feedback Voltage 0.5A <l gap < 3A, 1.230 v
LM2576 8V <V, <40V 1.193/1.180 V(Min)
Vour = 5V, Circuit of Figure 2 1.267/1.280 V(Max)
Vour Feedback Voltage 0.5A <l pap < 3A, ©1.230 \
LM2576HV 8V <V, <60V 1.193/4.480 V(Min)
Vour = 8V, Circuit of Figure 2 1.273/1.286 V(Max)
n Efficiency Vin = 12V, 1 gap = 3A, Vour = 5V 77 %

All Output Voltage Versions
Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature
Range. Unless otherwise specified, V,, = 12V for the 3.3V, SV, and Adjustable version, Vi, = 25V for the 12V version, and
Vi = 30V for the 15V version. | gap = 500 mA.

Symbol Parameter Conditions LM2576-XX Units
LM2576HV-XX (Limits)
Typ Limit
(Note 2)
DEVICE PARAMETERS
Iy Feedback Bias Current Vour = 5V (Adjustable Version Only) 50 100/500 nA
fo Oscillator Frequency (Note 11) 52 kHz
47142 kHz
(Min)
58/63 kHz
{Max)
Vsar Saturation Voltage lour = 3A (Note 4) 14 \Y
1.8/2.0 V(Max)
pC Max Duty Cycle (ON) (Note 5) 98 %
93 %{(Min)
lew Current Limit (Notes 4, 11} 5.8 A
4235 | A(Min)
6.9/7.5 A{Max)
I Output Leakage Current (Notes 6, 7):  Output = 0V 2 mA(Max)
Output = -1V 7.5 mA
Output = -1V 30 mA(Max)
la Quiescent Current (Note 6) 5 mA
10 mA(Max)
lstay Standby Quiescent ON /OFF Pin = 5V (OFF) 50 pA
Current 200 pA(Max)
65, Thermal Resistance T Package, Junction to Ambient (Note 8) 65
8)a T Package, Junction to Ambient (Note 9) 45 ‘CW
I [: 1S T Package, Junction to Case 2
;9N S Package, Junction to Ambient (Note 10) 50
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All Output Voltage Versions
Electrical Characteristics (continueq)

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature
Range. Unless otherwise specified, V\y = 12V for the 3.3V, 5V, and Adjustable version, Vi = 25V for the 12V version, and
Vin = 30V for the 15V version. | oap = 500 mA.

Symbol Parameter Conditions LM2576-XX Units
LM2576HV-XX (Limits)
Typ Limit
(Note 2)
ON /OFF CONTROL Test Circuit Figure 2

Vin ON JOFF Pin Vour = OV 1.4 2.212.4 V(Min)
VL Logic Input Levei Vour = Nominat Output Voltage 1.2 1.0/0.8 V(Max)

| ON /OFF Pin Input ON IOFF Pin = 5V (OFF) 12 uA
Current 30 pA(Max)

Iy ON /OFF Pin = OV (ON) 0 pA
10 HA(Max)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage lo the device may occur. Operating Ratings indicate conditions for which the device is in-

tended lo be functional, but do not tee spedific perfc limits. For gt d and test ¢ see the Electrical Characteristics.
Note 2: All limits at room temp { type face} and at temperature extremes (bold type face). All room temperature limits are 100% produc-
tion tested. All limits at b e ext are via correlation using standard Statistical Quality Contro! (SQC) methods.

Note 3: External components such as the catch diode, inductor, input and output capacilors can affect switching regulator system performance. When the LM2576/
LM2576HV is used as shown in the Figure 2 test drcuit, system performance will be as shown in system

s section of El

t Ch istics.
Note 4: Output pin sourcing current. No diode, inductor or capacitor connected to outpul.
Note 5: Feedback pin removed from cutput and connected to OV.

Note 6: Feedback pin removed from output and connected to +12V for the Adjustable, 3.3V, and 5V versions, and +25V for the 12V and 15V versions, to force the
cutput transistor OFF,

Note 7: V,y = 40V (60V for high voltage version).

Note 8: Junction lo ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with % inch leads in a sacket, or on a PC
board with minimum copper area.

Note 9: Junction to ambient thermal resistance (no external heat sink) for the 5 lead T0-220 package mounted vertically, with V4 inch leads soldered to a PC board
containing approximately 4 square inches of copper area surrounding the leads.

Note 10: If the TO-263 package is used, the thermal resistance can be reduced by inereasing the PC board copper area thermally connected to the package. Using
0.5 square inches of copper area, 8,4 is 50°C/W, with 1 square inch of copper area, 8sa is 37°C/W. and with 1.6 or more square inches of copper area, 64 is 32°C/W.
Note 11: The oscillator frequency reduces to approximately 11 kHz in the event of an output short or an averload which causes the reguiated output voltage to drop

approximately 40% from the nominal output voltage. This self protection feature lowers the average power dissipation of the IC by lowering the minimum duty cycle
from 5% down to approximately 2%.

Typical Performance Characteristics (Circuit of Figure 2

Normalized Output Voltage Line Regulation Dropout Voltage

JUNCTION TENPERATURE (°C)
DS011476-27

INPUT VOLTAGE (V)
0501147628

1.0 l 1.2 - 0 I
Vy, = 20V Leap =500 ma =~ Poloby = 150
1 tH CAD = 1 =
w ' Noup = 500 ma g 7 z o ko = 34
T t08 T formatized at o e ESNN B
2 04 1= 259 2 o8 7 =
&
3 s02 —— 3 o6 4 & T PEYS
: -~ s o g £ L 11 frow
3 g o H
< < A} 3-3v5v & aw 2 Sy M~
g 217 g 02 o 12v & 15v7] 2 =
s 04 A — [ 3 Loap = 200ma ™
5 5 T 05
= -06 £ -2 5 l
3 s 3 g4 17 z
’ - = Ryg = 0.100
-1.0 -06 [ s
=50 -25 -0 25 50 75 100 125 0 10 20 3 4 50 60 =75 -50-25 0 25 50 75 100125150

JUNCTION TEMPERATURE (°C)

0SD11475-29
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Typical Performance Characteristics (circu of Figure 2) (Continued)

Current Limit Quiescent Current Standby
£ 20 Quiescent Current
: | vouyr =sv
Yy = v ouT —
i = 25 13 Measu d at ~ 00 T
o 80— T sl Ground Pin 3 Vi =40
2 4 ™N = T,= 259C s [
= = . & 150 =]
5 ss o &
£ S n 3
= — -
= N - \ Yoap = 34 = VR forr = 5V
5 5.0 z 10 5 oo
I \ 3 /f‘ 3
5 g2 &
© s 3 fLoap = 200 mA 3 Vw12 14
| = S0
] I
E]
4.0 4 <
~75-50-25 0 25 SO 75 100125 150 © 10 20 30 40 S0 60 L
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) -50 =25 @ 25 S0 5 100 125
DS011476-30
DS011476.31 JUNCTION TEMPERATURE (°C)
DS011476-32
Oscillator Frequency Switch Saturation Efficiency
8 ——r— Voltage 100 §
L Normalized al 25°C 6 . Loxo = 34 lr, = 5%
< 14 \ foap = 200 me
5 4 P = %0 * t
g . S L= B 5 |msvours
5 w
g ™ RN o 5
g o SRR P g so—
] = el S—
g 2 o8 - —
] 7 I~ 7 ~
vV, =40V = 25°(| >
z \ LN |// = 06 |___hoap = 34 ™S
3 -4 = 7 70
= M = 150°C
5
e -6 o 04 65
Vi = 12¢ @ = 200ma
_ i = 17 02 w0 Yoap 3 200m
-75-50-25 0 25 S0 75 100125130 o 0 10 20 30 40 50 60
JUKCTION TEMPERATURE {°C) 0 05 10 15 20 25 30 INPUT VOLTAGE (V)
0S011476-33 SWITCH CURRENT (3) DS011476:35
DS01147634
Minimum Operating Voitage Quijescent Current Feedback Voltage
50 vs Duty Cycle vs Duty Cycle
Adjustable Version Only
as 00 T T 2 T T T
0 Adjustable Versicn Qnly S Adjustable Version Only
. MEN 175 i 7 3 15 i
JORNRS < Yin = 7V = \ Lgag = 500ma
- — E 150 . 5 e 1® N
g w0 = P E N
= I 125 T s
5 25 ] 5 T
N § e L <1 s . i = 0V
X . ¥, = 20V—]
5 Vour = 1.25% s A "1 = Vo =7V R
15— = - a N -
=z Lagap =508 ma Z 75 7 + g -5
1.0 2 lonp = 560 ma .
| 2 50 /i Lone § 10
6.5 H E]
2
¢ ' 23 Hoo-is
-56-25 6 5 5B 75 00 138 o -
JUNCTIGN TEVPERATURE (°C) [} 20 4 e 81 100 8 2 40 0 80 100
DS011476-36 DUIY CYCLE (%) . BUTY CYCLE (%)
DS011476-37 DS011476:38
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Test Circuit and Layout Guidelines

As in any switching regulator, layout is very important. Rap-
idly switching currents associated with wiring inductance
generate voltage transients which can cause problems. For
minimal inductance and ground loops, the length of the leads
indicated by heavy lines should be kept as short as possible.

Single-point grounding (as indicated) or ground plane con-
struction should be used for best resuits. When using the Ad-
justable version, physically locate the programming resistors
near the regulator, to keep the sensitive feedback wiring
short.

Fixed Output Voltage Versions

Wiy

LM2576HV-
FIXED QUTPUT

FEEDBACK

4
u
v

OUTPUT

Your

(L]
UNREGULATED & 6D § 3 ON/oFF

DC INPUT Cn

l

100 gH

D1 1000 pF
MBR360

Ciy — 100 pF, 75V, Aluminum Electrolytic
Cour — 1000 pF, 25V, Aluminum Electralytic
Dy — Schottky, MBR360

Ly — 100 pH, Pulse Eng. PE-92108

Ry — 2k, 0.1%

Ry —

6.12k, 0.1%

D5011476-7

Adjustable Output Voltage Version

FEEDBACK
W
N} LM2576HY- |4 Vour
ADJ OUTPUT L 5.00V
7V - 60V
100 pF — 100 pH I <
UNREGULATED #Teno B3 or/orr |5 * Cour SR L
DC INPUT Cn D1 1000 uF _1{ o
MBR360 Sa 1A
1 i L
- DS0114768

Rz
Vour = Veer | 1+ 22
A,

v
Az — Ry (—v:::—1)

where Vpgr = 1.23V, R1 belween 1k and 5k.

FIGURE 2.
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LM2576 Series Buck Regulator Design Procedure

PROCEDURE (Fixed Output Voltage Versions)

EXAMPLE (Fixed Output Voltage Versions)

Given:

Vour = Regulated Output Voltage
(3.3V, 5V, 12V, or 15V)

Vin(Max) = Maximum Input Voltage
I oan(Max) = Maximum Load Current

1. Inductor Seiection (L.1)

A. Select the correct Inductor value selection guide from
Figures 3, 4, 5 or Figure 6. (Output voltages of 3.3V, 5V,
12V or 15V respectively). For other output voltages, see
the design procedure for the adjustable version.

B. From the inductor value selection guide, identify the in-
ductance region intersected by V,,(Max) and |, o a0 (Max),
and note the inductor code for that region.

C. Identify the inductor value from the inductor code, and
select an appropriate inductor from the table shown in
Figure 3. Part numbers are listed for three inductor manu-
facturers. The inductor chosen must be rated for opera-
tion at the LM25786 switching frequency (52 kHz) and for a
current rating of 1.15 x I_oap- For additional inductor in-
formation, see the inductor section in the Application
Hints section of this data sheet.

2. Output Capacitor Selection (Cour)

A.The value of the output capacitor together with the in-
ductor defines the dominate pole-pair of the switching
regulator loop. For stable operation and an acceptable
output ripple voltage, (approximately 1% of the output
vollage) a value between 100 pF and 470 pF is recom-
mended.

B. The capacitor's voltage rating should be at least 1.5
times greater than the output voltage. For a 5V regulator,
a rating of at least 8V is appropriate, and a 10V or 15V
rating is recommended.

Higher voltage electrolytic capacitors generally have
lower ESR numbers, and for this reason it may be neces-
sary to select a capacitor rated for a higher voltage than
would normaily be needed.

3. Catch Diode Selection (D1)

A.The catch-diode current rating must be at least 1.2
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
shont, the diode should have a current rating equal to the
maximum current limit of the LM2576. The most stressful
condtion for this diode is an overload or shorted output
condition. -

B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input vollage.
4. Input Capacitor (C,,)

An aluminum or tantalum electrolytic bypass capacitor lo-
cated close to the regulator is needed for stable opera-
tion.

Given:

Vour = 5V
Vin{Max) = 15V
lLoan(Max) = 3A

1. Inductor Selection (L1)
A. Use the selection guide shown in Figure 4.

B. From the selection guide, the inductance area inter-
sected by the 15V line and 3A line is L100.
C. Inductor value required is 100 pH. From the table in .

Figure 3. Choose AIE 415-0930, Pulse Engineering
PE92108, or Renco RL2444,

- 2. Output Capacitor Selection (Cyy)

A.Coyr = 680 pF to 2000 pF standard aluminum electro-
Iytic.
B.Capacitor voltage rating = 20V.

3. Catch Diode Selection (D1)
A.For this example, a 3A current rating is adequate.

B. Use a 20V 1N5823 or SR302 Schottky diode, or any of
the suggested fast-recovery diodes shown in Figure 8.

4. Input Capacitor (C,,)

A 100 pF, 25V aluminum electrolytic capacitor located
near the input and ground pins provides sufficient
bypassing.
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LM2576 Series Buck Regulator Design Procedure (Continued)
INDUCTOR VALUE SELECTION GUIDES (For Continuous Mode Operation)

MAXIMUM |NPUT VOLTAGE (V)

MAXIMUM INPUT VOLTAGE (V)

60
|V ANR W 4
P Ll 7 I N 4 Y4 B A Y

Y 7{[;7;.,/ i Z T/
© y{ 1330 ‘/ 1/
8

Y fan /| /
A uso/ |/

MR
A0 Tk

/

5 A
0.3 0.40506 0.8 1 1.5 2 253

MAXINUM LOAD CURRENT (a)
DS011476-9

FIGURE 3. LM2576(HV)-3.3

/\
/ / uz
7
03 040505 08 11215 2 253

MAXIMUM LOAD CURRENT (&)
DS011476-10

FIGURE 4. LM2576(HV)-5.0
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FIGURE 5. LM2576(HV)-12
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LM2576 Series Buck Regulator Design

Procedure (continued)

N
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N
100 X
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. 80 X
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Ld
2 5o L680l J
- 4
35 b4 /
r 7
4514 A
wiLerol Al L3 1220
35 b D,
30 //
25 /] / /]
V / //
20 A

VTN

0.3 0.4 0.50.60.70.8

1.0 1.5 2.0 2.5 3.0

MAXIMUM LOAD CURRENT (A)

DSO1476-13

FIGURE 7. LM2576(HV)-ADJ

PROCEDURE ({Adjustable Output Voltage Versions)

EXAMPLE (Adjustable Output Voltage Versions)

Given:

Vour = Regulated Output Voltage

Vin{Max) = Maximum Input Voitage

I oap{Max) = Maximum Load Current

F = Switching Frequency (Fixed at 52 kHz)

1. Programming Output Voltage (Selecting R1 and R2,
as shown in Figure 2)

Use the foliowing formula to select the appropriate resis-
tor values.

R
Vout = VRer (1 + ﬁ—f) where Vpgr = 1.23V

R; can be between 1k and Sk. (For best lemperature co-
efficient and stability with time, use 1% metal fim resis-
tors)

v
Rz = R’(v:g:_ ‘)

Given:

Vour = 10V
Vin(Max) = 25V
lLoap(Max} = 3A
F = 52 kHz

1. Programming Output Voltage (Selecting R1 and R2)

A
Vout = 1.23(1 + H—Z) Select A1 = 1k
t

V Y
Ry = m(ﬂ— 1) = m(&— 1)
VReF 1.23v

R, = 1k (8.13 - 1) = 7.13k, closest 1% value is 7.15k
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LM2576 Series Buck Regulator Design Procedure (continued)

PROCEDURE (Adjustable Output Voitage Versions)

EXAMPLE (Adjustable Output Voltage Versions)

2. Inductor Selection (L1)

A. Calculate the inductor Volt » microsecond constant,
E « T (Vv ¢ us), from the following formula:
Vout 1000
EeT = -V ——e———— (Ve

(Min — Vour) Vin  Fin kHz)(V ps)
B. Use the E ¢ T value from the previous formula and
match it with the E « T number on the vertical axis of the
Inductor Value Selection Guide shown in Figure 7.

C. On the horizontal axis, select the maximum load cur-
rent.

D. Identify the inductance region intersected by the E » T
value and the maximum load current value, and note the
inductor code for that region.

E. Identify the inductor value from the inductor code, and
select an appropriate inductor from the table shown in
Figure 9. Part numbers are listed for three inductor manu-
facturers. The inductor chosen must be rated for opera-
tion at the LM2576 switching frequency (52 kHz) and for a
current rating of 1.15 x | o.p. For additional inductor in-
formation, see the inductor section in the application hints
section of this data sheet.

3. Output Capacitor Selection {Cyy1)

A. The value of the output capacitor together with the in-
ductor defines the dominate pole-pair of the switching
regulator loop. For stable operation, the capacitor must
satisfy the following requirement:

Vin{Max)
Vourt ® L{xH)

The above formula yields capacitor values between 10 pF
and 2200 pF that will satisfy the loop requirements for
stable operation. But to achieve an acceptable output
ripple voltage, (approximately 1% of the output voltage)
and transient response, the output capacitor may need to
be several times larger than the above formula yields.
B. The capacitor's voltage rating should be at last 1.5
times greater than the output voltage. For a 10V regulator,
a rating of at least 15V or more is recommended. Higher
voltage electrolytic capacitors generally have lower ESR
numbers, and for this reason it may be necessary to se-
lect a capacitor rate for a higher voltage than would nor-
mally be needed.

4. Catch Diode Selection (D1)

A. The catch-diode current rating must be at least 1.2
times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output
short, the diode should have a current rating equal to the
maximum current limit of the LM2576. The most stressful
condition for this diode is an overload or shorted output.
See diode selection guide in Figure 8.

B. The reverse voltage rating of the diode should be at
least 1.25 times the maximum input voltage.

Cour 2 13,300 (;J.F)

S. Input Capacitor (Cy)

An aluminum or tantalum electrolytic bypass capacitor lo-
cated close to the regulator is needed for stable opera-
tion.

2. Inductor Selection (L1)
A. Calculate E » T (V * ps)

10 1000
EeT=(25-10)s o o =115V e ps

52
B.E*T=115V ¢ ps
C. lLoan{Max) = 3A
D. Inductance Region = H150

E. Inductor Value = 150 yH Choose from AIE part
#415-0936 Pulse Engineering part #PE-531115, or
Renco part #RL2445,

3. Output Capacitor Selection (Cqyy)

Cout > 13,300 =222 pF

5
10 e 150
However, for acceptable output ripple voltage select
Cour 2 680 uF
Cout = 680 pF electrolytic capacitor

4. Catch Diode Selection (D1)
A. For this example, a 3.3A current rating is adequate.

B. Use a 30V 31DQ03 Schottky diode, or any of the sug-
gested fast-recovery diodes in Figure 8.

5. Input Capacitor (C,,,)

A 100 pF aluminum electrolytic capacitor located near the
input and ground pins provides sufficient bypassing.
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LM2576 Series Buck Regulator Design Procedure (continued)

To further simplify the buck regulator design procedurs, National Semiconductor is making available computer design software fo
be used with the SIMPLE SWITCHER line of switching regulators. Switchers Made Simple (Version 3.3) is available on a (3'57)

diskette for IBM compatible computers from a National Semiconductor sales office in your area.

Vg Schottky Fast Recovery
3A 4A-6A 3A 4A-6A
20V 1N5820 1N5823
MBR320P
SR302
30v 1N5821 50WQ03
MBR330 1N5824
31D0Q03 ] The following
SR303 T.he following diodes are all
40v 1N5822 MBR340 diodes are all rated to 100V
MBR340 50WQ04 rated to 100V
31DQ04 1N5825 31DF1 f,,%“,;:g
SR304 HER302
50V MBR350 50WQ05 HERG02
31DQ05
SR305
60V MBR360 50WR06
DQO6 50SQ060
SR306
FIGURE 8. Diode Selection Guide
Inductor inductor Schott Pulse Eng. Renco
Code Vaiue {Note 12) {Note 13) (Note 14)
L47 47 yH 671 26980 PE-53112 RL2442
L68 68 pH 671 26990 PE-92114 RL2443
L100 100 pH 671 27000 PE-92108 RL2444
L150 150 pH 671 27010 PE-53113 RL1954
L220 220 pH 671 27020 PE-52626 RL1953
L330 330 pH 671 27030 PE-52627 RL1952
L470 470 pH 671 27040 PE-53114 RL1951
L680 680 pH 671 27050 PE-52629 RL1950
H150 150 pH 671 27060 PE-53115 RL2445
H220 220 pH 671 27070 PE-53116 RL2446
H330 330 pH 671 27080 PE-53117 RL2447
H470 470 yH 671 27090 PE-53118 RL1961
H680 680 yH 671 27100 PE-53119 RL1960
H1000 1000 pH 671 27110 PE-53120 RL1959
H1500 1500 pH 671 27120 PE-53121 RL1958
H2200 2200 pH 671 27130 PE-53122 RL2448

Note 12: Schott Corporation, (612) 475-1173, 1000 Parkers Lake Road, Wayzata, MN 55391,
Note 13: Pulse Engineering. (619) 674-81G3, P.O. Box 12235, San Diego, CA 92112,
Note 14: Renco Electronics Incorporaled, (516) 586-5566. 60 Jefiryn Bivd. East, Deer Park, NY 11729.

FIGURE 9. Inductor Selection by Manufacturer’s Part Number
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Application Hints
INPUT CAPACITOR (C,,,)

To maintain stability, the regulator input pin must be by-
passed with at least a 100 pF electrolytic capacitor. The ca-
pacitor's leads must be kept short, and located near the
regulator.

If the operating temperature range includes temperatures
below -25°C, the input capacitor value may need to be
larger. With most electrolytic capacitors, the capacitance
value decreases and the ESR increases with lower tempera-
tures and age. Paralleling a ceramic or solid tantalum ca-
pacitor will increase the regulator stability at cold tempera-
tures. For maximum capacitor operating lifetime, the
capacitor's RMS ripple current rating should be greater than

1.2 X (m) X loao

T
\/
where ton = ot for a buck regulator
Vin
V,
ang fon = Mourl for a buck-boost regulator.

T IVourl + Vin

INDUCTOR SELECTION

All switching regulators have two basic modes of operation:
continuous and discontinuous. The difference between the
two types relates to the inductor current, whether itis flowing
continuously, or if it drops to zero for a period of time in the
normal switching cyde. Each mode has distinctively different
operating characteristics, which can affect the regulator per-
formance and requirements.

The LM2576 (or any of the SIMPLE SWITCHER family) can
be used for both continuous and discontinuous modes of op-
eration.

The inductor value selection guides in Figure 3 through Fig-
ure 7 were designed for buck regulator designs of the con-
tinuous inductor current type. When using inductor values
shown in the inductor selection guide, the peak-to-peak in-
ductor ripple current will be approximately 20% to 30% of the
maximum DC current. With relatively heavy load currents,
the circuit operates in the continuous mode (inductor current
always flowing), but under light load conditions, the circuit
will be forced to the discontinuous mode (inductor current
falls to zero for a period of time). This discontinuous mode of
operation is perfectly acceptable. For light ioads (less than
approximately 300 mA) it may be desirable to operate the
regulator in the discontinuous mode, primarily because of
the lower inductor values required for the discontinuous
mode.

The selection guide chooses inductor values suitable for
continuous mode operation, but if the inductor value chosen
is prohibitively high, the designer should investigate the pos-
sibility of discontinuous operation. The computer design soft-
ware Switchers Made Simple will provide all component
values for discontinuous {as well as continuous) mode of op-
eration.

Inductors are availabie in different styles such as pot core,
toriod, E-frame, bobbin core, etc., as well as different core
materials, such as ferrites and powdered iron. The least ex-
pensive, the bobbin core type, consists of wire wrapped on a
ferrite rod core. This type of construction makes for an inex-
pensive inductor, but since the magnetic flux is not com-
pletely contained within the core, it generates more electro-

magnetic interference (EMI). This EMI can cause probiems
in sensitive circuits, or can give incorrect scope readings be-
cause of induced voltages in the scope probe.

The inductors listed in the selection chart include ferrite pot
core construction for AIE, powdered iron toroid for Pulse En-
gineering, and ferrite bobbin core for Renco.

An inductor should not be operated beyond its maximum
rated current because it may saturate. When an inductor be-
gins to saturate, the inductance decreases rapidly and the
inductor begins to look mainly resistive (the DC resistance of
the winding). This will cause the switch current to rise very
rapidly. Differant inductor types have different saturation
characteristics, and this should be kept in mind when select-
ing an inductor.

The inductor manufacturer's data sheets include current and
energy limits to avoid inductor saturation.

INDUCTOR RIPPLE CURRENT

When the switcher is operating in the continuous mode, the
inductor current waveform ranges from a triangular to a saw-
tooth type of waveform (depending on the input voltage). For
a given input voltage and output voltage, the peak-to-peak
amplitude of this inductor current waveform remains con-
stant. As the load current rises or falls, the entire sawtooth
current waveform also rises or falis. The average DC value
of this waveform is equal to the DC load current (in the buck
regulator configuration).

If the load current drops to a low enough level, the bottom of
the sawtooth current waveform will reach zero, and the
switcher will change to a discontinuous mode of operation.
This is a perfectly acceptable mode of operation. Any buck
switching regulator (no matter how large the inductor value
is) will be forced to run discontinuous if the load current is
light enough.

OUTPUT CAPACITOR

An output capacitor is required to filter the output voltage and
is needed for loop stability. The capacitor should be located
near the LM2576 using short pc board traces. Standard alu-
minum electrolytics are usually adequate, but low ESR types
are recommended for low output ripple voltage and good
stability. The ESR of a capacitor depends on many factors,
some which are: the value, the voltage rating, physical size
and the type of construction. {n general, low value or low
voltage {less than 12V} electrolytic capacitors usually have
higher ESR numbers. .

The amount of output ripple voltage is primarily a function of
the ESR (Equivalent Series Resistance) of the output ca-
pacitor and the amplitude of the inductor ripple current
(Aliuo)- See the section on inductor ripple current in Applica-
tion Hints.

The lower capacitor values (220 pF-1000 pF) will allow typi-
cally 50 mV to 150 mV of output ripple voltage, while
larger-value capacitors will reduce the ripple to approxi-
mately 20 mV to 50 mV.

Output Ripple Voltage = (Al,yp) {ESR of Cqyy)

To further reduce the output ripple voltage, several standard
electrolytic capacitors may be paralleled, or a higher-grade
capacitor may be used. Such capacitors are often called
“high-frequency,” “low-inductance,” or “low-ESR.” These will
reduce the output ripple to 10 mV or 20 mV. However, when
operating in the continuous mode, reducing the ESR below
0.03Q can cause instability in the regulator.

15

www.national.com




Application Hints (Continued)

Tantalum capacitors can have a very low ESR, and should
be carefully evaluated if it is the only output capacitor. Be-
cause of their good iow temperature characteristics, a tanta-
um can be used in parallel with aluminum electrolytics, with
the tantalum making up 10% or 20% of the total capacitance.

The capacitor's ripple current rating at 52 kHz should be at
least 50% higher than the peak-to-peak inductor ripple cur-
rent.

CATCH DIODE

Buck regulators require a diode to provide a return path for
the inductor current when the switch is off. This diode should
be located close to the LM2576 using short leads and short
printed circuit traces.

Because of their fast switching speed and low forward volt-
age drop, Schottky diodes provide the best efficiency, espe-
cially in low output voltage switching regulators (less than
5V). Fast-Recovery, High-Efficiency, or Ultra-Fast Recovery
diodes are also suitable, but some types with an abrupt
turn-off characleristic may cause instability and EMI prob-
lems. A fast-recovery diode with soft recovery characteristics
is a better choice. Standard 60 Hz diodes (e.g.. IN4001 or
1N5400, etc.) are also not suitable. See Figure 8for Schot-
tky and "soft” fast-recovery diode selection guide.

OUTPUT VOLTAGE RIPPLE AND TRANSIENTS

The output voitage of a switching power supply will contain a
sawtooth ripple voltage at the switcher frequency, typically
about 1% of the output voltage, and may also contain short
voltage spikes at the peaks of the sawtooth waveform.

The output ripple voitage is due mainly to the inductor saw-
tooth ripple current multiplied by the ESR of the output ca-
pacitor. (See the inductor selection in the application hints.)
The voltage spikes are present because of the the fast
switching action of the sutput switch, and the parasitic induc-
tance of the output filter capacitor. To minimize these voltage
spikes, special low inductance capacitors can be used, and
their lead lengths must be kept short. Wiring inductance,
stray capacitance, as well as the scope probe used to evalu-
ate these transients, all contribute to the amplitude of these
spikes.

An additional small LC fitter (20 pH & 100 pF) can be added
to the output (as shown in Figure 15) to further reduce the
amount of output ripple and transients. A 10 x reduction in
output ripple voltage and transients is possible with this filter.

FEEDBACK CONNECTION

The LM2576 (fixed voltage versions) feedback pin must be
wired to the output voltage point of the switching power sup-
ply. When using the adjustable version, physically locate
both output voltage programming resistors near the LM2576
to avoid picking up unwanted noise. Avoid using resistors
greater than 100 kQ because of the increased chance of
noise pickup.

ON JOFF INPUT

For normal operation, the ON /OFF pin should be grounded
or driven with a low-level TTL voitage (typically below 1.6V).
To put the regulator into standby mode, drive this pin with a
high-level TTL or CMOS signal. The ON /OFF pin can be
safely pulled up to +V,, without a resistor in series with it.
The ON /OFF pin should not be left open.

GROUNDING

To maintain output voltage stability, the power ground con-
nections must be low-impedance (see Figure 2). For the
5-ead TO-220 and TO-263 style package, both the tab and
pin 3 are ground and either connection may be used, as they
are both part of the same copper lead frame.

HEAT SINK/THERMAL CONSIDERATIONS

In many cases, only a small heat sink is required to keep the
LM2576 junction temperature within the allowed operating
range. For each application, to determine whether or not a
heat sink will be required, the following must be identified:
1. Maximum ambient temperature (in the application).

2. Maximum regulator power dissipation (in application).

3. Maximum allowed junction temperature (125°C for the
LM2576). For a safe, conservative design, a tempera-
ture approximately 15°C cooler than the maximum tem-
peratures should be selected.

4. LM2576 package thermal resistances 8, and 6,c.

Total power dissipated by the LM2576 can be estimated as
follows:

Po = (Viudla) * (VolVi)loao)(Vsar)

where lg (quiescent current) and Vgar can be found in the
Characteristic Curves shown previously, V, is the applied
minimum input voltage, Vo is the regulated output voltage,
and I oap is the load current. The dynamic losses during
turn-on and turn-off are negligible if a Schottky type catch di-
ode is used.

When no heat sink is used, the junction temperature rise can
be determined by the following:

AT, = (Pp) (8,4)

To arrive at the actual operating junction temperature, add
the junction temperature rise to the maximum ambient tem-
perature.

T, = AT, + Tp

If the actual operating junction temperature is greater than
the selected safe operating junction temperature determined
in step 3, then a heat sink is required.

When using a heat sink, the junction temperature rise can be
determined by the following:

AT, = (Pp) (8,c * Bintertace * BHeat sink)

The operating junction temperature will be:

T, =T, + AT,

As above, if the actual operating junction temperature is
greater than the selected safe operating junction tempera-
ture, then a larger heat sink is required (one that has a lower
thermal resistance).

Induded dn the Switcher Made Simple design software is a
more precise (non-linear) thermal model that can be used to
determine junction temperature with different input-output
parameters or different component values. It can also calcu-
late the heat sink thermal resistance required to maintain the
regulators junction temperature below the maximum operat-
ing temperature.

Additional Applications

INVERTING REGULATOR

Figure 10 shows a LM2576-12 in a buck-boost configuration
to generate a negative 12V output from a positive input voit-
age. This circuit bootstraps the regulator's ground pin to the
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Additional Applications (continued)

negative output voltage, then by grounding the feedback pin,
the regulator senses the inverted output voltage and regu-
lates it to —12V.

For an input voitage of 12V or more, the maximum available
output current in this configuration is approximately 700 mA.
At lighter loads, the minimum input voltage required drops to
approximately 4.7V.

The switch currents in this buck-boost configuration are
higher than in the standard buck-mode design, thus lowering
the available output current. Also, the start-up input current
of the buck-boost converter is higher than the standard
buck-mode regulator, and this may overload an input power
source with a current limit less than 5A. Using a delayed
turn-on or an undervoltage lockout circuit (described in the
next section) would allow the input voltage to rise to a high
enough level before the switcher would be allowed to turn
on.

Because of the structural differences between the buck and
the buck-boost regulator topologies, the buck regulator de-
sign procedure section can not be used to to select the in-
ductor or the output capacitor. The recommended range of
inductor values for the buck-boost design is between 68 yH
and 220 pH, and the output capacitor values must be larger
than what is normally required for buck designs. Low input
voltages or high output currents require a large value output
capacitor (in the thousands of micro Farads).

The peak inductor current, which is the same as the peak
switch current, can be calculated from the following formula:

, = hoaoMin + Vob | VinlVol 1

P Vin Vin+1IVol " 2Ly fosc
Where f,.. = 52 kHz. Under normal continuous inductor cur-
rent operating conditions, the minimum V,,, represents the
worst case. Select an inductor that is rated for the peak cur-
rent anticipated.

*12 TO +45Y
UNRIGULATED FEEDBACK

DC INPUT ¥y e ]
1 o vasrewv-rz | 1
= 2 58 M

»

100 pf pd —
3|ono 5| on/ofF —

= 3

Kt T
Inss2z T 2200 uF
-12Y €0.70
REGULATED
ouTPUT
DS011476-14

FIGURE 10. Inverting Buck-Boost Devélops —12V

Also, the maximum voltage appearing across the regulator is
the absolute sum of the input and output voltage. For a -12V
output, the maximum input voltage for the LM2576 is +28V,
or +48V for the LM2576HV.

The Switchers Made Simple (version 3.0) design software
can be used to determine the feasibility of regulator designs
using different topologies, different input-output parameters,
different components, etc.

NEGATIVE BOOST REGULATOR

Another variation on the buck-boost topology is the negative
boost configuration. The circuit in Figure 11 accepts an input
voltage ranging from -5V to -12V and provides a regulated
=12V output. Input voltages greater than —12V will cause the
output to rise above —12V, but will not damage the regulator.

- Foodback oo ©
v et
N 4 00 pF
LM2576 —12 | output 2200
s LOW ESR
2 U
3 5
2 1N5820
G Gnd ON/OFF
1100 Your = 12V
“Viy 100 pH
—T50
-5 to =12V

0501147615
Typical Load Current
400 mA for Viy = 5.2V
750 mA for Vi = -7V
Note: Heat sink may be required.

FIGURE 11. Negative Boost

Because of the boosting function of this type of regulator, the
switch current is relatively high, especially at low input volt-
ages. Output load current limitations are a result of the maxi-
mum current rating of the switch. Also, boost regulators can
not provide cumrent limiting load protection in the event of a
shorted load, so some other means (such as a fuse) may be
necessary.

UNDERVOLTAGE LOCKOUT

In some applications it is desirable to keep the regulator off
until the input voltage reaches a certain threshold. An under-
voltage lockout circuit which accomplishes this task is shown
in Figure 12, while Figure 13 shows the same circuit applied
to a buck-boost configuration. These circuits keep the regu-
lator off until the input voltage reaches a predetermined
level.

Vi = Vzy + 2Vee(Q1)

HLIR iv"" LM2576 — XX
Rt 20k 3: 20k CGn 5 W/OFF iIiND
21 = —
(e} ]
R2 10k
= ____ DS011476-16

Note: Camplete circuit not shawn.

FIGURE 12. Undervoitage Lockout for Buck Circuit
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Additional Applications (continuedq)

iy

LM2576 - XX

Rt ON/OFF 3|oND
11
R2

“Vour

DS013476-17
Note: Complele circuit not shown (see Figure 10).

FIGURE 13. Undervoitage Lockout
for Buck-Boost Circuit

DELAYED STARTUP

The ON /OFF pin can be used to provide a delayed startup
feature as shown in Figure 14. With an input voltage of 20V
and for the part values shown, the circuit provides approxi-
mately 10 ms of delay time before the circuit begins switch-

ing. Increasing the RC time constant can provide longer de-
lay times. But excessively large RC time constants can
cause problems with input voltages that are high in 60 Hz or
120 Hz ripple, by coupling the ripple into the ON /OFF pin.

ADJUSTABLE OUTPUT, LOW-RIPPLE POWER SUPPLY
A 3A power supply that features an adjustable output voltage
is shown in Figure 15. An additional L-C fiiter that reduces
the output ripple by a factor of 10 or more is included in this
circuit.

FEEDBACK
55 Vi
UNREGULATED LM2S576HV-ADJ
DC INPUT ! OUTPUT
I
+| G 3] cnp 5| ON/OFF
Troo ur o

L1

150 xH

iN5822

iy iy
LM2576 — XX
l 5| ON/oFF 3|lcuno
G 9
lloo uf Ry ‘i A7k —
- - DS01147618
Note: Complele circuit not shown.
FIGURE 14. Delayed Startup
P —————
L2 y OuTPYT
) _ 1 STh } VOLTAGE
R2 : 20 uH : +1.2 to 50V
50k @34
+ | Cour 1 +]€1 )
] 1
2000 puF 1 100 uF )
R1 1 I
1.21k 1 ]
] 1
= = 1 =

optional output ripple filter
0S011476 19

FIGURE 15. 12V to 55V Adjustable 3A Power Supply with Low Output Ripple

Definition of Terms

BUCK REGULATOR

A switching regulator topology in which a higher voltage is
converted to a lower voltage. Also known as a step-down
switching regulator.

BUCK-BOOST REGULATOR

A switching regulator topology in which a positive voltage is
converted to a negative voltage without a transformer.

DUTY CYCLE (D)
Ratio of the output switch’s on-time to the oscillator period.

V
for buck requlator D= lon = Jour
T Vin
ton Ivol
for buck-boost regulator D= -7 = ——"——
9 T Vol + vin

CATCH DIODE OR CURRENT STEERING DIODE

The diode which provides a return path for the load current
when the LM2576 switch is OFF.

EFFICIENCY (n)
The proportion of input power actually delivered to the load.

Pout
Pout + PLoss

y = POUT _
Pin

CAPACITOR EQUIVALENT SERIES RESISTANCE (ESR)
The purely resistive component of a real capacitor's imped-
ance (see Figure 16). It causes power loss resulting in ca-
pacitor heating, which directly affects the capacitor's operat-
ing lifetime. When used as a switching regulator output filter,
higher ESR values result in higher output ripple voltages.

— AT —
ESR £sL c

0S011476:20

FIGURE 16. Simpie Model of a Real Capacitor
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Mechanical Dimensions

250,05 1.25%0,05

' f T I
"~ 9x0.05 ) [ 3E0.05 P /A

/g /
, /// /’ ,/
2)g 0 / Iy
f/ Sls / /
,’ |
L R
Parameter
Absolute Maximum Ratings At T, = 25 °C A
Power Dissipation 3w
Continuous Forward Current 240 mA
MCPCB Temperature(°C) 85 °C
Thermal Resistance (W/" C) 6.13 ‘C/w
Storage Temperature Range , ~40 ‘Cto 100 °'C
Lead Solder Temperature 260 °C for 5 seconds
Operation Time > 50,000 hours*
* A proper heat sink is required to attach the light.
* The operation current js at 240 mA,
Electrical /Optical Characteristics at T.=25 °C
Symbol Parameter Test Condition  Uni MIN TYP MAX
Ve Forward Voltage Ir=240 mA Vv 11.2 125 14
Dy Luminance Ir =240 mA Im 180 240
Tc Color Temperature Ir=240 ma K 5500 6000 6500
Ra Color-Rendering Index Ir =240 mA 70 A 80
20101 Viewing Angle Ig =240 mA deg > 120

T 8112 is the off-axis angle where the luminous intensity is half of the on-axis intensity.
CAUTION FOR STATIC ELECTRICITY

§ Caution must be taken strictly to avoid Static electricity.

All LED products are extremely sensitive to static electricity ESD damage. The user must take absolutely
€cure countermeasures against static electricity and surge when handling products.

1 jonizer is recommended to be used in the facility or environment where static electricity may be generated
1sily, and soldering iron with a grounded tip is also recommended.
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Abstract
This paper presents a development lighting design using high power LED. For the last few
years, high power LED has been widely used because of its higher lighting efficiency than the
traditional lighting. Lighting design using high power LED consists of high power LED and LED
driver circuit. The paper compares three power sources: voltage transformer, switching, and
switching with power factor correction circuit. The consideration is tested using THD, harmonic
component, efficiency, etc. These circuits are then used to drive high power LED to test its

lighting performance.

Keywords: High power LED, LED driver, lighting, power factor correction
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