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ABSTRACT

The objectives of this research project are to study. and to analyze the
impacts that can happen if a solar rooftop system is installed in an airport. The case of
this study is divided into three categories. The first category is the glare from the solar
panel. The SGHAT program is used to analyze the effect of the glare based on Chiang
Mai international airport. The second. category is the Electromagnetic Interference (EMI)
impacts from a solar inverter and related equipments. Because an aeronautical system is
interfered, the required standard is required to address. Finally, the impacts of the solar
rooftop system in term of voltage and frequency is also studied. The proposed
measurement devices to.measure ‘the voltage and frequency are developed. The
acquired data from proposed devices will be send-to the database and display on our
website by real time to evaluate the voltage and frequency effects. The knowledge and
recommendation of this study can be used as a reference for the design of a solar

rooftop system in an airport.
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i Medrlunsiivenvaduaaiinduiiaddney sanguivinliismsiuinszualni

o =

@ P - a ¢ v v a4 W
ANNVIFGIFANATTUIN 35 mA/cm? Auaeeingnaand AMLS wasdiasiaiauail

FOITNNEN LAY wRBanseualiidmeesiduintu
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= ° ' a - -l w o a 9w
U 2.8 nanfnurnszualwindasesgeiaslugaueiniansiediaisvannsondald

M3l 2.2 Toyaanaiimoanaseniing 7 Air Mass 1.5 (832 W/m?)

! fIU A7 AT A4 AU AU a3 A AU AU
L wm W oM W &N ey um Wi 7 Wy
Ay A pdu | uat | edu . wae | edy Way [Pmdu | ua
() () () () ()

0295 | -0 | 0595 1126261 | 0870 | 84302 | 1,276.1°344.11 | 2388 | 31.93
0305 | 132 | 0605 126179 | 0875. | 835.10 | '1.288. | 34569 215 | 28.10
| 0315 |, 2096- | 0615 |,125543 | 0.8875 | 817.12-| 1314 | 28424 |/2453 | 24.9
0325 | 11348 | 0625 | 1200419 ] 0900 | 80783 | 1335 | 7528 2498 | 1562
0335 | 182.23 |. 0635, 1243.79 | 0:9075 | 79387 | 1.384°| 242 | 2537 | 259
0345 | 230.43 | 0645 | 123396 0915 | 77897 | 1.457 | 30.06

0355 | 286.01 | 0.655 | 1188.32|-0.925|-21712 {1472 | 67.14

0365 | 35588 | 0.665 | 1228.40 | 0.930 | 16372 | 1542 | 59.89

0.375 | 386.80 | 0.675 |1210.08 | 0.940 | 249.12 | 1572 | 240.85

0385 | 381.78 | 0.685 | 1200.72 | 0.950 | 23130 | 1.599 | 226.14

0395 | 49218 | 0.695 | 118124 | 0.955 | 25561 | 1.608 | 220.46

0405 | 751.72 | 0.6983 | 973.53 | 0965 | 27969 | 1.626 | 211.76

0415 | 82245 | 0700 | 117331 | 0975 | 52064 | 1644 | 21126 |
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AU A7 AU A7 A4 A7 AU A4 A7 AT
ke wu Tee! iy N Wi N Wu Tar) 1y
ﬁgu Led ﬂau Letd ﬂé‘u el ﬂé‘u we ﬂi’l"u Weld
(um) (W) (W) (Um) (W)

0425 | 84226 | 0710 | 115270 | 0.985 | 496.64 | 1.650 | 201.85

0435 | 89055 | 0720 | 113383 | 1.018 | 585.03 | 1.676 | 199.68 ;
0445 | 107707 | 0.7277 | 97430 | 1.082 | 486.20 | 1.732 | 180.50

0455 | 116243 | 0730 | 1110.93 | 1.094 | 44874 | 1.782 | 16159

0465 |1180.61 | 0740 | 108644°| 1098 | 486:72.| 1862 | 136.65

0475 |1212.72 | 0.750-{1070.44 | 1101 | 50057 | 1985 201

0.485 | 1180.43 |0.7621 | 733.08 | 1.128 | 100.86 | 2008 | 3943

0.495 | 125383 | 0770 | 1036.01| 1.131 | 116.87.] 2014 | 7258

0505 | 124228 0.780 | 101842 | 1.137 | 10868 | 2057 | 80.01

0515/ |/1211.01 | 0.790 | 1003.58.| 1,144 | 1554 | 2124 | 7257

0.525 || 1244.87 | 0800 | 98811 | 1.147 | 139.19 | 21156 | 7029

0.535 | 129951 | 0.8059| 860.28 | 1178.| 374.29-| 2201 | 6876

0.505 |127347 | 0825 | 932.74 | 1.189 | 38337 | 2201 | 6829

0.555 | 1276.14 | 0830 | 923.87 | 1.193 | 42485 | 2266 | 6252

0.565 | 1277.74 | 0835 | 91495 | 1222 | 38257 | 2320 57.03

0575 | 129251'| 0.8465 | 407.11 | 1236 | 38381 | 2338 )| 5357

0.585 | 1284.55 | 0.860. | 857.46 32388 | 2356 | 5001

1.264

MNYVBIAULILEIAD W/m>am

2.5.1.2 wssduliimeeada iiaé’ﬂﬁ’nﬁumuﬁtﬂuﬁ?ﬁmuﬂr-hqaqmlm

ar ar 1 d ar L2 - L 1 v
ussriulii995¥n Vv, Seliiduimnudany usdiulninesda v, dewiidy

A - 4-' @ =i 1 ' e
lag |, Aenszualwirdoudud wasilifwvindu

kt Isc
V.. ==inl=—41)
q fo

(2.1)
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L (2.2)
-qA(LnNA+LpND)

o < -t o

lo AsiiFAgATReviiila Ve, gean lunsdveuvaduaseiindvlindanau
HANTAINAIGIAATDY Vo IiNaUsEanm 700 mV uazengeanvasiadurnmeslaussunm
0.84

9 & a& as = &

-‘ = & i ]
Tuaunisi 2.2 winiiweindfgdnimiisde arumuiwiuremve (n) Tu

- T IR I, o, e 1 ' |
AFUUBIFNTMIAIUNTUAUIEANG Ny finwviniu
z .,

d o ar 1 i 1 a
PINEUNTTN 2.2 HANTTAIUIUATINEUNUSTEUIN lo A BRI WNENTU E.3

IJ J ar & 1 Qs
fiwoaifufigousuiuiiedet
E
I35 15% losexp(—;Ti) A/ em’ (2.4)

o a1 v ey ' i o 8 w
aunasit 2.1 way 2.4 FWsmauiidovimdsnudeuan asvihle Vo 1
' v pu - 4 s 5/ - aof !y " a - a
ANNEY FananaTieiiidudWinsstwiunsiives o (Baraviawd sudenunn 2wy
W 1. fidanas)
REANTADARIILFURUSTEM I TE VT g aavBuTRdua R induay
]l 1 ar ¢a‘ o o o 1 ﬁ -f v 1
Povinmasuraeaisiviuilnene waaluguin 2.9 anguingiladeyadn
cJ <u s a = A 14 U &4 d‘ ) o 4
nuaseng AML5 Uszndsn milgangniipn 29% 9vldvnansisiniing
F03NaUYTTIN 1.4 eV {191.6. eV
| L 4 iy = = -l 1 I a4 w o da
iuapniing AMO Usedndamiigenigaiian 26% axldeinansisinniidl
Y0ININFINUUTTINN 1.4 eV B 1.6 eV
o a o aa ' ar ¥ L O 3 as
ansnaiauiitesinawdsnulugislliun GaAs ulii1999919na 9974299

o o ) ¥ - L3 3 € = aa o = L
Fanou vxiiAwes L1 eV widszdninmusuvaduaseriindviindineu NussAviudaly

vieafjuRnsidediengats 23% Fadilndailugaued
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1 l: ar ar EJ i s ar o
bUUU i}sﬁ‘wm'uwmmu‘wqamwawamnuaaumnwuaz ROULILEUTUIN

diannseuuavlzasrourarendwulilwneulugUvesrwiou uardidnnsourzanaan
egilveursmaundanudananduanduguil 2.10 warbildddunulunsndanszualivin
Unngmasaimsseunaeimeuiliidlumsiriaussdve ameessaduaseniinglis 44%

uen9nil unmeidndauilsiidmuaiadriavesszaniamus uvad
uaseindlaun wiihddnaseusrgnuasnsziubinselantudesitmdululafan ud
soune p-n vuarli ussiulWiitiidnfesniidevitmdsnuunn wy nidvesdaney
SRTdTEIIN V /E, ffuindu 0.7/1.1 = 60% winiu

2.5.1.3 Bvinavegamaii waduaseiindianihlunsiuuaseiinglinaen

v
W A

& va a a a 08w a 3 ] &
MIIUUU '11zlﬂsuawﬁwmﬁnuaw"mmﬂm'lwqqumqwumn waenITlTuty v19RsIeNe

o

wosluAndaluuTaitanmuas Seulgumgiidnun iy Uinnititug vieuiuniiigumgl
g wu lunsianse gamgliiidnbnasonaitmvenvaduaseriingunn duldnues
svmussolul

ilegamagiiveneduatoindaiu suviily

- nszualvidmsasarastiu wiisliinnin

- wsulnin s lanashadunnmosasanas

Amdiussswinmseualuiidnsesuasusulniesilafe

o
I = lole ¥7/-1) (2.5)

9 ' codag 1w [ v '
s linsumatnlrgey egldailndidowes 1. 12

~Eo KT Poc
. =ATTe ®© ek (2.6)

-
[CE
L3 l: ar =
A watiliguiugumgi

1 ] ar o o o o = L4
Eqo : T0vITMAUYRIAsAsinIIgavgiiaudeseduysal

td; o = cedaa
Y : waunduivgumplivas dunauniion

Swase |, uaslinusyunm 1-4
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o ¢ = -
NENITVIBYWLETIAUNITN 2.6 AD

Q(VOC Vg0 ) Q(Voc Vg0 )
dlg, oyl T i, Uge-vgd ST 2 2.7
—_ = A Yle KT e ATY(&)[i_uO_] e KT ( )
dT Kl j 5

‘d s = § L ar g’ § 1 3 s ar & 1
Woanwald di./dT Hedesunn fesuaInaunsh 2.7 faldmuduwusin

AV Veo - Vo + YIKT/Q) (2.8)

dar T

aunisi 2.8 Buenliismaut V.. wsniufugangiiludnuasdoudig
Wududuiude fheumalawiu v, axonaa [2]
2.6 NMSPBARUVUTUINNIAINEATDITZUURAR N WA s TuLas TinduunasanieTy
fuuiu
N139BNRUULABIIVUIARIE IS RYD N AIARRAID A E T UanE 1A
wingalunsinga welilivssavanmgeaalusiagiuil aunsasisendy 2 i fo
2.6.1 natvuai @l usesnnussmad LAt RdRARR
mMaRantkswadainduundieinsluauaidursRasuunasasd

ugspingdmsundansua Wi lmisamwaiue s oinisuazaonnansn it o Anun 89

o @ a a ed alie
ﬁ'\ll'ﬁﬂ“’]ﬂ"lﬁ\ﬂ?\'ﬁ'l'llﬂﬁlu’-ﬂwa*ﬂ'?uuﬂﬂa']ﬂﬂﬂwﬁ?fﬂﬂﬂ\ﬁnnﬁuﬂ'ﬁ

PL

T 2.9
QxAxBxC/D { )

pcel[ &

o ar L3 I3 (a‘ = 5
Peey = AAINA WBAYAAUAIDARENAITARAS

P = arudosniswasriulwiluniieiu
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Q = wdnuuaseiadlunilyiudmivussmalnewindu 4,000 Ynd/
Fala-msaems

A = Amaensgendevemdinu Tagviludmuadusvanm 0.8

B = Aaiverugadadmauiou Insvihludmunsseann 0.85

C = UsrAnBnmresduniedines laevh luimussUsyanm 0.85-0.9

D = A IITNLENNR = 1,000 Tadasnauns/dalas

al o o | v i a
uﬁ%LNBVIT}‘Uﬂ']aﬁlﬂﬁ']'ﬂﬂﬂ‘iSUUﬂza']L'Iqiﬂ“ﬂﬁl'\u’]uuﬂiﬁﬂaﬁn'\iﬂﬂﬁNUUVfaQﬂ'}ﬂ'}ﬂﬂ.u

auuDugnlasinaunis

B Pmaxilafinsa
AN 2/ (2.10)
Praxi@agilin
< ¢ o 1 e o [} i
2.6.2 MTDDOLUUMKATIS LA RO UA D AVSTUUT WY N1SABIAS
waduawvindlulawdsnulwinde insuusesndy 3 wuy
2:6:2.1 NTFOWATUAIDWIAGLUUBYN T NTTRBITASUAR TIRLULDYN Y

W =i ' o o & w P °
MguR 2.11 enszualiihasiiduiiumassnuns wasiliuswuliiaiatus s ug

o e e
AIVIRINW MEUNIT

Viotal = N/ XV (2.11)
Vigta = AIRIIAUTIY
o o
N = S auikAeaynsy
Vo= AUSIILTDIUARE LAY
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=l ' -
JUT 2.11 mssBunagasua@AnguuuaYn Ty

2.6.2.2 NIABUNATAAUAIDMASUUUTUIU NTHBRKILAR LA MRGWUL
a -l ' s ' - - | w o » EY
YU AIFUN 2.12 Aussiuszsilurmdsuasiiiuindunasaynunsiiovunu wazviili

- & ° o o e
ATYHANUUURN LI TUIULRINADUUIUAU ANEUNIT

hrotal 7/M A (2.12)

lretat = AINILUATIN
a d |
M = F9UIULRITADUN Y

o = AINTEUAYBIUABLUNY

d I & - &«
FUN 2.12 minaunaraduase Maguuuauy

2.6.2.3 MIADIWAAUAID WMAGLUUNEY N1TRDUHAYASUADMInGLUUNEY 7
U 2.13 lagluwsiavAusaaduasoiindedooynsuiunay seuineisezsanuuauiuiu
ATINUITART NN TFBUNITATUUVBYNTULAL LA IAWIISY UL wasAINTEuaEAnIn

nasmvensrualulsazilasfnainnsrigadoynIuiy feaunis
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Vit = N x Vg (2.13)
|Total = 3 Istring (2.14)

Vigtal = AIMTIAUTIN

N = Sruauwadisooynsuluuiazuaus
V, = AUSRULAaLIEaa

botal = AMNTEUATIN

S= fwuhs

lstring = NIBUALUMAAZA

JUTl 2.13 MsHeunaTauATR TingLUUKAY

< a al & L (Y =
ﬂ"ﬁaﬂﬂLLUULLNQL‘?ia'ﬁ“ﬁ\’@'ﬁfiWULL'U'UNﬁlﬁlﬁﬁﬂmﬂLWﬂIWLﬁQﬂutLﬁd‘iﬂsgLLauﬂ?

= o v - & ' X du X Ay 4 & ow
sunnslwiimualiuagnasinssluudaz kufidesgaueingauve suivy Jadud

aunsaelul [13]

Protal’ = V1ol X hotal (2.15)

[
ar

Protal = f?ﬂé’a‘lwﬁwsmﬁlﬁeﬁnwaéuaamﬁﬂéﬁﬁaag:mwm

Vrgtal = AMMIIAUTIN

ANTERATIY

Il

ITotal
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2.7 gunanidlosdiu
wesAniusnines (Circuit breaker) vaneis gunsalilddmiuvanisasuas

Uosiumsdnaseslasmsdmsesveugesinusninesuegivuseiu nsvualvan uasnszua

kA
as =Y

vauzins Feiliseliaiirnusemadounavyiamiduiauimdnliih whitvdnaluns
mnufemaianszualiheensmessinssuamnnifuiiadiiavieisanudeuiiunniuly
deweiinusnine meudansailisshaundurnimilvilaenisiwaviolon
Aulsniweiiausninasliawnegsumis OFF uasTenludaiumua ON Tmideliees
vnuldanmund nmadenlfivesinusninesmsiivsdoadonmusmiaiiumsgiudmuall
Tneriidvuniiel Ampere Trip (AT)-Ampere-Frame (AF) ua¥ Interrupting Capacity (IC)

Ampere Trip (AT) Wuiianszua Handle rating %wanlﬁjﬁw au15aNu
nssualianluangundlageaanile dhuantrrlin Name plate Wiadulenvesgesin
WINND g %‘ammgwﬂm NEC 1990 paragraph240-6 fimmumsnd il 15, 60, 70, 80, 90,
100, 110, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 600, 700, 800, 1000, 1200,
1600, 2000, 2500, 3000, 4000, 5000, 6000 AT

Ampere Frame (AF) iutiiansvualass famnefsinantmunszuagsgn
vougaiiniusninasluiutiug Ampere Frame iiussloniifie aaunsawdsuiie Ampere
Trip lalagfvua Gif) vesiusninaddinaviaima da AF A Tg 10 NEMA fivuadndisdl
50, 100, 225, 250, 400, 600, 800, 1000, 1200, 1600, 2000, 2500, 4000, 5000 AF

Interrupting Capacity (IC)«lufifiansnunszuadmsaeanlunzuin
asaiifguasaidesiuvenvasinusninefifug Tasunifmunsmsnssuaidy kA da
IC sxvenliyiusesinwsnine filtuliemudsenseuniesiide madandinszua Ic
whpsdAnszuadniess a ymiudunay AHUMIEI IEC60947-2 Tildirimumen I, uay
les Togy

l., A Breaking capacity 3@ Ultimate breaking capacity nugani1smu
lddornszuadnisesgean lunsdl 3 wa Tnedmisaslidnde 2 afsiasdetu Taglifnas
Wemenuiruu wiwesinwsninesenesdemeuarlvonlullddndely

I A9 Service breaking capacity wu1s@an15faw1I5ORINTHA995970
Nvuaan2993 lunsd 3 wa lagdneesldduia 3 afsinsaiu Tnglifinsidemeiuszuy

wazigesnalusnnNes
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2.8 Aua AN

Auamidslniy vanedis Snvasensyua usiukazeiveUMEITNY
Wi luanzundflivialigunsal viewdeddlndiinsinuRanaraviedome Ty
taqtudesnuamidsiwindudesivaulasasiufesandunn Wewnaszuiums
ndnvasningramnssuiinisligunsalniiimeluladguaridugunsaivssian
didnnseiind@sinalilunmsnevaussienmunwidsiniwnnitluedn Tasanisi
ausaUiuneruussannmassszuulvih lutligiussuulwihiimsdederlesieiumn
dndladumilswesszuuilgmviedisesueiindgssuvaniligunsainiesvuulniia
Trudedldfunansznuiie {ldliialdmsviaiamesnuawinirdusinfumsed
wansznudensiuiluey aunmaedlwihiidsluesilisnsusvesgundunsvua
ussiunaenummBtessruu i WRBUUASIY aawaiianm Iniade ldsldavans
aug 1wy WEn Msdeanvanuiian el lussuuddriiuagseuuimineues
mslii nsnsginisdunieuasgunsalluszouini msldaugunsailiidudaduly
sruvgaamnssuduiy Jymann il iwuiided

Inihdy (nterruptions) Wuannedunasdeiadsinfimeasieddsnu
Wiliiflussiuswlidud ni Tesenseziiawwaiionnninue stieidanulasuanudone
viseiinsiiawsedlussuudilwivinligunsailesiufinsdmmmasnelwiieanns

BIINUAUNTTULEEUA (Transient overvoltage) an1as I ansyenidu
anmvilusedugstuiiuil dinssiianwsnaandsingnisalsssued wu Wik asduvidetan
gunsaifuAvd ey wisTuenimesluszuulwi

ussumniHuaE (Voltage dips of sags) Huusiagmstiftussiunnasluagil
Uszanas 10-90% vesissduun@lutasnanduqliin 1 wit §s8199ziinennasldnu
uawmpiruaivg wisiiamuianiaslussuulny

ussuiudavay (Voltage sweld uusingmsaifiussiulnirgaduly
Uszana 110-120% vasusaduunilugaaaandus Livdy 1 unil flavndulugiinduiu
wiaithilfiAannufiansemnslvilaense wises \invnnisUanivanvuiningeanain
ssuuseiinsefinivlszyuunalngidnszuu fiwaviigunsalldfurnundeons wievinlk
qﬂﬂsr&ﬁﬁmmhviamsxﬂé‘auuﬂammé’ﬂwmwmunﬁ’adw'lwﬁ'\ﬂnWSﬁﬂcwuﬁﬂwmmvz‘%a'wqm

ANV



24

ar - . o i s 1
wIIRuNsEINEY (Voltage fluctuation) Wumsdsuulatwadusduagng
i d =l o 1 ar & o q - L3
sailias dyunliliugiauseiu 0.95-1.05 Wesgila (Per unit) Wunaiiaannsligunsal
& - o a o @ '
Ussinmimvaeuuuuenia viliiAanisnsgnivivaenly ensasifananszvudegunsally
] < @
sruuiiinsiasuulasusiuuine
= - pi - « ol <
nsdsundaniud (Frequency variation) Ag Usingnisaifinnunves
- - ' o a o da
suulwiisnswasuudadluaneienuiung 50 Hz Wurasnmainnuiianainees
- o a " e - o a 1 o g e
wissrudalwihsualugwisnimanesnainssuuseuniosiuialnfwuielvg viald
a ' ° o= o @ w & < '
Wanansynusisnitnureunsallwiniinsinnuduiusivarudssuulnii wu
d a*
\wTpadnInalu
w3aumn (voltage drop) wssiunnilulgmidiaiinsldaneinifinauena
o o v ' ' ' > ' I3 v
N9 Feiinanszvudegunsalluii wuvaealwainkidiui visliawsognaniivvasald
- ol w & i 1 L
Tunsdlilfunasevgeeawuditlianm iminefdiugavaon saweslidusmyunielmiidy
v hd ar ar J as =
fiu 1ML NEC Avuanssdunnsiall ussdunnatnaisUszsausuiaedaaldlnia (Load)
Litiu 5% ussrunnluatstiou (Feeder) laiiiu 2% wsssiunnlurensdos Tifu 3% n1s
o ' @ 24 4 ] -3 Gll 3 Lol «
fwnassdunnluasinlveglunasinunsgudmue inliiuladsensaldgunsal
T WWedhalasadsuariluszdnsam Funasriuanausiuaniae touuasi1es

gesvziliulunuannis

ssuulnvin 1 a2 anw

Vp="2%] x (R+X) x'L=2x1 x(Rcos © +Xsin 0) x L (2.16)

wuulnien 3 wa 4 aw

Vo=V3xIx(R+X)xL=v3xIx(Rcos®+Xsin®) x L (2.17)

Vp = usaauan (V)
| - nssualniitlvaluiees (A)

R = AruAumuEuReesEe g (Q/m)
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X, = Suenuaugiduifgavesanslwia (/m)
L = AnuEMTIEIElnii (m)

cos® = wpsunawaivedlvan

2.9 usanulwduiu (Overvoltage)
ar E=3 o ar al - ar 4’
usswulwiwAuaunsasunseiuussuesndu 2 vila feil
1. unsdulriAunisuenszuy (Extemal overvoltage) Wuuseiulnifiu
a a ¢ e a 1 - -l o W o
niinanUsIngn1saln kg iin il laeasmIennisiisadiudwifivuie
usulni ALY 6 Wihrewssulwinng
s - ar = ﬂf
2. ussaulwiiiumeluszuy (Intemal overvoltage) WuussdulvvAund
as (Y - ar 44 ] o L 3 ar
AMHTINMTIAIRTAGAUMIINMIUARRDAYRIMTsYRIImTs e s e sy
Useq wavaingniselineifui navaawodlsslyuuud srozninfinareniuiunin
wsenulnitiunieuenssuy
2.9.1 arstwunusinulniiiuntslussuy vensinkswulwiwiunieuen
o a adh a - P R | - = as
sruubavusulniaetusruu dailusediu InwaRueiinduiionuindunerilnanssnuiy
bt 1 as o YT b
auuTeIgUnINVRBagNUIE LY duunlassi
usesulitvhATe R lWAIAE: Power frequency overvoltage)
wssnulniANTIT (Temporary overvoltage)
ussrulwiAuaTInBa (Switching overvoltage)
ar - A d & E
2.9:2 useduiiiueawn WA (Power frequency overvoltage) 3119
?Jaau.w'funﬁumwﬁ‘lﬂﬂﬂﬁﬂé’aﬁwﬁd’1ﬁﬂ"ﬂ1jgamn wrowAausduAuAndudunaiuiy
a P a ' O ) P ar - 1
20-30 UMW wiITENI] WIIMALTINTI (Temporary overvoltage) aziinafiuniniaiode
o a . - v
W1 (Surge arrester) uavawIuLaAIBITuuaie (Polluted line insulator) Hudiy anng
- @f < I - = d - - L -
PBINTANNNITNNIRINANTRANT DINARRUMTaNITUaAIVER YueTIRan SRaANSDUNAa Y
(Single line to ground fault) #SeMsRANIBIaBUNAARY (Double line to ground fault)
o8 ¥V a e r O T W - A4 a 4 o a ar '
mmAauswuiuluanvie Fenusiuiuasuluanvisdiseglussuursiindmiali
] - - o ﬁ.’ af L] J -
ABAIAY (Isolated neutral) B1afianseRLTUgTuTWUTEINETe Tussuulwihnduile
1 - i ol =y - v o ar - J - )
sruuneasiueLeiivsedndna (Effectively ground system) ADWRIINUAUNIARANTD

W . " 4 s Lo Vil [ ey ¢ o s . W g o L | o
(Fault) upan21 1.5 w1 'UWUBQHUﬂﬂauwuﬂuﬁmﬂug‘iuﬂ‘ﬂaﬁsUU 'Tluﬂ'““'ﬂﬁ PRI
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Wanswiuiutuegivnailumsuileainulanses (Fault clearing time) vaawosiniusnin
' as o d I o . . '
ilaswdazsrauuseiuiiszunnaeiuly nmsuaalvan (Load rejection) vaueilnanlug
o o a a &4 o " ' ' - o "
gnuanesnainsyuuasyiili iiaussiulwiifiviuiyasiovesivandeny wisfigasaves
o o o q' -.I’ a ar 1 1 q' As (] 2 =
wseaiuia i Faasgetulasdundulutisusnuazezdes iiutuegiedng suluiiaga
1 ar @ . . IS : Il .
aniuzagnIndullni9as (Steady-state open circuit) nsali9¢dl Automatic Voltage
ar e o o il o

Regulator (AVR) llufiusuanmussiulviy sasdeaduaruiiveussosidalnii fax
a : “ = a = - = ar W o ar
Waumenaziinaiuanudyessyuudsiifmdiu (Govemon) Wusuivuazeuau

2.9.3 uswiuiuan12enda (Steady state over voltage) gunsnilussuuds
Adaliaunsanuussiuguiuunaladssana.s Wesidudlutinaiszeznimieny
U357 American National Standards Institute (ANSI) standard C84. 1-1995 léfvua

ar v 1t = ar s - £t o= ‘< - @ a

usIuTTUUgIgald 2 ¥asRe weani 115 Alalaad i 121 Alaliad waziiussdu 362 Ala
Tiadl unsgrulssiusruugearenaifaluanisznimiroudnfvazuswulwiiszuugan
0w ¢ ' - w ) o v o ' - |
dwiugunsniuazaiulseneudun pnesnwuulisasiufuniainunde vinusdwseilies
finsimuatssugegauasusduiuihpmmdatusmpihbideanneiatndlussuy

2.9.4 uSWiNUTIATT MUNMTEIUIEEE Standard 1313.1-1996 leirivun
ussufiutrs s INURAIAL NIMERRuMIE sEwI L aaEN U E Tageaasifntiuly
Tivieanaistuduammaiowii sadaussduiuiiasilaemiverafinainnisaings
gunsal viamaudlunwianias Mmsvanlvan nsRawToaHaawu NSRANTBIRINAM
b = ot Pl «
fumusiugidslussyuitliting g

w o e - ) - a ' as
2.95 ussuiiuniiaunalaganuiansoutiowinuaasiiu luansdu sy

a ' = a a ¥y i Y a a ' -
gmuilansswluaasivaviinld Nefigadiafisviunsiiseanisnsauuudu ey

'3

L g
s

= ar ' o - ' - pn i a = " »
ImTuiuAinsiistuse s nuiansestulsliuwssure uailiiineufansaddiun
- - Y a e =i a A - & e a ' -
BeudszmiloutuniaiintulunsdivesasunaasiuidioNsauuswuiuiiniveuvad
o a3 | ViR 1< ¢ o & ' ar [ = %
wadueziidegluseduitesnimiewiiiu 1.3 Wesylla Juediuszuusiie fawdidiluszuy
@ o il Y ' o - - o
ussiunay lifidygausnmaiidunseunudusiiuiuesiinnuddgyuinlussuulni
o @ ala ' o o ar a [ i
Adsniivuie 1,000 Laduieuinnd wetesuussdulidwiulviiseduainitssuulae
o - ; ) a d e 1 - ‘v
wswuivliasiianmgainnsuusivaresussiuieninauiandsuasifanansenuiuly

syuulniafmds (1]
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2.10 8uefinad (Inverter)
fio gUnsaidniwthilweulinszuanss (00) nussTaduaeinduie
wariudialviinseuansedy Wulwihnssuasdy (AQ) Fsfimmmnzausasthluldonls
2.10.1 msgindaussiulniuuuiduidagdu lundunedines fesns
afraussiuliirdueenduguludiiannsoyivaunauaraiuinmsenisld Tasayld
FyarunruausUled (Sinusoidal control signal) muAudfidantsiwisuiisuiy
EUﬂﬁumumﬁau (Triangular waveform) ﬁ'fqgﬂﬁ 2.16 mudveansadiada (£.agwiriy

o | o
AMDveIURR A MIMALL

N 77 (2.18)

my = (2.19)

e

Vool = FNEORtRAdamaunugUled

Vi = ﬁwaamaﬁzymmgﬂmumﬁw

3 < PrwivdnyaniLesnue U NS
m, = BRTINITHOAAAAUBUNADA

me = SRS INTSNRReARILATING

110 < m, < 1 sudutimisegeamBudy Suansiterussneundnys
ﬁaamaﬁulﬂﬁﬁ 1up 8N (Fundamental-frequency component of the output voltage)
Tngazuvasiudaduium m,

Tunsdl m, > 1 szifudrmsrruauuuulenesuogian Jwmavenssiuin
dusenaziiosduszneusiinelinginitiiimsuegeadady dwiudeulvveinisasng
dygraaintuuuiidudagdude

19 Vegnuot > Vi - 8909 51, WWUNITUA vy = 0.5v;

- a o« o
LB Veontiol < Vi : @909 51 IUINTEUE vy = -0.5v;



28

'3 Vg

-+ i

30# 2.14 nsasduyuaindulvu PWM

— e

2.11 duedimasanuiva
asudasdumiadsl il nusesiulninssuansudulwiinssuaadulidu
o @ o @ i - & o o v
nananuiwatsunuasrurigdlndan 1uduiie finasarm a g iy fusuildeanis

maalwings wazdmnsgliBunedmeimaifsuuunaviadswiuaugaild uidedd

o

- = ar :; as ast 4 o 1 1 ar
anddIuIne 12 /M uenvntudwew FeIsesaTuauiiivusasinasn iy 120 991ves
=l

e e

' o - [ '3 <
putvanys Jeldmingndenliduniasweinadswuungu

-

¥ IR uIMam Jadinng

a =3 < (3 : o ol a 27 3 = a
Waudunedmeiaunadunldnavauussduldinviesalavisvuiauazeudlu sua

2.15 azinilaihiisnnu@nduaslalassnntegway 6 77 Uszneuludsanunmvsea e

n
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2.11.1 Bunedwesamailovhanluguguadudindon Sunediwedaw
wiadhihnulugwuedudinden smungdmiulifuumasouseiulninssua
assiianusaUiusTAuLswulniasenineae Weldlunisususiseduusiulaga
fusen Mainurewdunesines 3 wa il 6 didudwmseil 2.3 [3]

f 4

= o = ¥ as . < i
ATHN 2.3 MIVINUTDETNINI 6 A YoBUBIMeS 3 d

oo $Te [ he (T (1o |1
(Stept  |on |off |o# |on |oOn |of
Step2 On Oft Oft On I Off On

: |

Step3 O | Off On Off Off On
Step4 Off On Oon Off Off On
Step5 Off On On Off On Off
Hovs /[0 [0 .ot Jomlon. [OX

2.12 Common Mode Voltage

deviinisdeusetumsliiiisywindasitisvesnasiiinAussuunaslnii
wiuuateinduumdtrnisluauiuiy gviaWiAn Common mode voltage iy
AumginvlAa Common mode current @31 81 Common mode current 81994l
ianssunauneduugimanlyily, gunsstaRaciey (THD) wasinnsamdelusyuy

dwmiuszuu 3 ilaauna

U 2.16 MsifeusinswinBuiefines 3 wa Winulassevesmslni



Von = Voo = Van . X )

Van = Von = Vion £ 08 (221) :

Vsl T
Van + Vg + V=0 e

AUNN5 2.20 + 2.21 + 2.22;

v ' ! o '
wacnstiduenmsianu dmiumslFnwiensdnsuiniy ldeyapalifh hilvilse Tewidms

;—: - s 0 ~ 3}/ 2 = 2 Y ag Yo dy Y Y R =) 9 3’/ d’d. o 9
- lunnsarleansau snneihuildaanlasiion nagdesorosdunivedenaisunassniniaai 14



r @ ar 1 2 o
ANUUZVDINTINATYY IUUTIAUR NS mmmuamlﬁmngw 217

Vdc/2
Van e e TNSEPRSS  VNISSNSH NS S NN W TR . m—, —
%
Vdc/2
Vbn SR USSR N
e SRR T T e et
-
Vdc/2
‘V‘Cl'l - S TSN SPDNN V. A .
Vdc/6
Vi = DY L s T coat S PESN PR NS . S
2Vdc/3
Vdd/3 ‘
vaN el i KR ke ; Fodl (.18, W8 ,=M ,l......‘
oA :vn
1
I

gﬂﬁ 217 SnwurdygnnilTaiusiee

2.13 NNURAUNOANTINVD AT
¢ L at
2.13.1 magandunasdulsingasaifiuagnasndumedlulusnas

4 ar oW = & o 2
windnglan lasdindinuaszgniudsudundinuanudeu

H1
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[ncident light

U 2.18 Mapanduuas

2.13.2 myawviouuas iungAnssuiiuasmnnssnuuuiines uasasvious
sen Wefimnmifveseduuaniu Lildudsuuasguuuuluanidn widdidu 2 woy fe

2.13.2.1 nsagvieukUumilaunszanan (Specula reflection) 1udhweyi
LARNNTENUUURINANIRULAY SeiliuiadnuassuGeuaiingue vennsyanasiouite

o @  as W

Taniniuusiasioundy sumauiinisasiousss agliminnnsevy (o) wiiuassiou (8)

Opaque material

= %
zﬂﬂ 2.19 M3ALYDULUUINITDUA LN

2.13.2.2 nMsasvisulatuunTea (Diffuse reflection) Wudnuasiluas
navawieandiennivnugniavesingianans Wy wiunaraRntaiaukuR e Uiy
azv‘fﬂﬁumﬁasﬁauaanmﬁé’nwmsnszma‘lﬂuawa‘]ﬁﬂmq FInsasiouuuUnsELL
winthy 3 wuy

wuuit 1 Aetnqiuiidnunsiibideusuuminane sufadunsnssasuas

i o =i v a w ' '
ﬂﬂqﬂaugﬁﬁj 'ﬁ\’LlﬂﬁWﬁz“ﬂuﬁaﬂu’]ﬂ#ﬂ53Q']ElIﬂuﬁﬂUﬂﬁ"ﬂ'Nm']ﬁl{uﬂﬂ“ﬂu BLASAIUADININ

a4 e
YiENInu
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Medium

d & 1 L)
JUN 2.20 nsasvisuluun YW WALy T

b
a ar ol

o a ' T | YRR,
uwuuy 2 AedaquiuiidnvueiahiFeusuulisitaus (Semi diffuse surface)
- [ s = L4 1 4 [
suiimlunisnszansuuunsedansaneluseuiiensluyguasviou uazeudesaineilyl
Wiy
Light

Medium

od o
JUN 2.21 naasipuluun sy efEuysal

&l ar & W @ WY - " . o =
WUUT 3 Aednnuuiianwnsaunauiuszweia liSou Liadnaueduia

2

2 o ® W o » ] o aa = o
FEVDULUUN TSN 'HWlwuﬁﬁﬂﬁﬁﬂﬂuaaﬂu'inﬂ'l'iﬂ'iq‘f"ﬂ'IEJLLENLLUUﬂG!JWﬂ‘VI'N FIFIFENOU

wuull Wudhwartainisasyounasiaerialy

Light

Medium

=i v
UM 2.22 msasviauwuuNsEINLN
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2.13.3 3o (Transmission) wawmARsENUMISUMTvasiIna1s Fe
viotag Feamnsanzgiwlugdndwld uinaswndiuargnganduuasasieundu
Tﬂaﬁ"‘ﬂﬂﬁﬂmwaauaadauﬂsdmmuﬁ"snaNﬁﬁﬂmatﬁmﬁuﬁ’uuamé‘msqs\imﬁma'\q

2.13.4 mainmuas (Refraction) Wisuasdswudnansitiiiadouasyinli
diansvinm viawdsuiirmauadurusidumsinuines fuegfupmautfvesianats
dlouandumaiumnasifisdeivnmmiutarduawsasfnadimmdasiu Tay
mwivesrAuuadidnsfidluasinmiuganatat 2 win duumnnseuiesuasiesnsa
Kuanans fuasmnnsznuiidnunfsndwilierbidudanarwarbifinsasfioundy
dmsugiiAatuilGeninwings onpmnnsEuilawinnimuingauamnnsenuiay

avvioundulaelurusianann

(n) MR UnERiINa 1

-

as a o =
(9) MaRnmuaAssAng

2 v ar d 1 =
(A) MsAzvEUNSUEIALUIANA SENUNINAT WL INGH

o @ 1 @ ar al ) - v W
JUN 2.23 () naainintassuneamnam, (1) mavinivuasia maings, (@) nsagisundu

- ' a
WiaymmansynunnImMLINg

- - v 1 ar o v a
n3dl (n) ny > n, yu B, fiAios uasgkLAINaYBEUALINIA
nati (v) 0. \Wuypdngn uawrliasvieuvievinm

nsl (A) 0, > 0, szvinuasasvioundu
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2.135 uadh (Glare) Fouasiiimudlimunsoueuiuingiidunaldvie
wsaiuldenun wualdilu 2 wuu Ao uasuiamuuuliiannsouesdiuld Wearnnisig
uamdmenn waruasIAmLUUATINIaNBUlE FnfumnudesainssewinuiiuTn
Tndifsiuiuitidans Dulledendndumsilifammuilianenilunisues visiiay
dosahannuiiulusubiannsousaiuiagiuls

[
2

- e v o o X dda a =
vise1anandnuuulain As yansenunifiuasduindiulusyeyvesaiu
a9, (Visual field) virlvmidninfinasadnunnifundimnasusuls visliiAaeusieg L

-] o v 3 ¥ [ o =<
guavie Wisvihlirwawnsolumsuewiuanas wusldidu 2 wwu fie
= v w L] - N | VW
wuui 1 usedidiaalaense (Direct glare) iina nuvasiudanuaainadlu
JLHTAAILN
- w u a ]
WUUY 2 udnannmsaeneu (Reflected elare) LRTMLDLEIWMNNTENUUU
A‘ <a 1 ) s @ L L9 ol ~ -4 ' vV oo -l ]
WU WU TaaRmiuudasiown it m) uasthristivrnobitinnwsmgunniiua
SMICHTEE
NTIRAUANIAINATALVOU
- MsUSuAp ui s AL
- MIAARTNEINVDIUVAIN TLUALAT
- madenltianiiiinisasiousasma
-mavhaindeiuuaasiou
o o o = 8 1 U J =] as
- NIYRIANGS (Background) Trufiesiviadninii lnsgenuuuiuvistand

goulviegammay (4]

2.14 anandrivlamsmimanivin (Electromagnetic Compatibility)
At iulanwimaninia (Electromagnetic Compatibility) wis EMC
Ve ' Py | - o » P
lalvitieulu IEC 50(61) 31 Arwawsnvesgunsainiesruuiaganunsaviauldduiiun
I ol ' 2 1
wolaluanmuwindeuniiuimdnIniy vend@eannisidiuisuniuesudwdnlniialu
[ - . ' I
anIRA suNALiUNI R ENUla
' 4 ¥ a o 1 & v o 1%
2.14.1 grwemdvesnnuiniulivausimdnlwiy wasgruaandnivls

) ' Sd e = S
mawiwdnlnih Usenaumegiuenuanimualilae The International Commission on
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Non lonizing Radiation Protection (ICNIRP) fuiiunnugnssunsquamminlilalélums

nsune Aesaust 0 (00 s 300 GHz flaguit 2.25

THE ELECTROMAGNETIC SPECTRUM

:Il[l,l]!‘lllt-’li(l"I[l!'il,ﬂ'a]!‘l’ll‘lltil]l!||l|‘|l [RCR R e B T P e
_mh

UM 2.24 gupwiinieationnafinu EMC 5]

2.14.2 YszmnmpamidniulivasaimEniia wiadu 2 Yssianléun ans
unsK eI (Conducted emission) AadygiaAduLinkidpsnisinughluauas
viu undsaglviwusaiadaeinssuumadiiuuudaiiias (UPS) adagUnduitlildemnd
iifonsiudlusany dmesuniunisivuresasuRamad MinssaenIenae
(Radiated emission) Aodgyg mAluwsnIzaei iy Ne A Wy Aygansunauiiingin
Insdwidlafiolusupumahanvseiosdiounnd Saasioseluiadafn Limi) luns
unwsInsganedayny10i5unau (Electromagnetic emission) ANTNMsgIUAMUA Lazrassoadl
rmanTalumsnudyg iuasuensuniu (Electiomagnetic susceptibility/immunity)
Frvspadullmuilinasgruiviua 16]

2143 asgruenuiniuldmauimanlvivia

2.14.3.1 FCC (Federal Communications Commission) LY ue adnslu
Uszmﬂaw‘s’gam’%mﬁﬁ'mﬂiaann{]i’au"sﬁ’uﬁw%’UQU ns0ideaans (Wire and radio
communications) fleRalut w.e. 2470 aunsawitesnléidu 3 daudeiu fo

Part 15 dm3ugunsaimmiiing (Radio-frequency devices)

Part 18 dwiugnamnssu Inermans uavgunsaimianisunme (ISM)

Part 68 dwiugunsaliiiesgiuszuulnséwyi (Telephone network)
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dwdu Part 15 evuvanasguesnilu 4 adu warladeweumingves
gunsalmmdinglidn gunsallaqimuiinishaudeliAensukinssnendsnuitenud
g (Radio-frequency energy) lévisvnsans (Conduction) wiewne n (Radiation)

FCC 1ﬁﬁaﬂuwé’a~11uﬂ1’tu§3wq (Energy in the radio frequency range) 11
Wundanuusimdaladfigruniiud (9 kHz fa 3000 GHz) Tsiigauszasdluniseen
WISEW e muAnuTeIiadd i (Transmitters) AflAndslniasia Selilasy
Tuaygywlunisiiaia (Radio station license) uazieRURNEYINTUNIUIARI NG AR
fiagdwmansenusion1sinredearsdaewiling (Radio communications) gunsnifdnea
(Digital electronics) ﬁﬁ'ﬂaq‘luwmﬂ'ﬁ

21432 _CISPR (International Special “Committee on Radio
Interference) intulud w.a. 2076 Woviinisiauazas favaenassuniuluguewi

a o as o

Wyd iy weegdsmaldingesgiu CSPR mdRndasldlayaiuduumsgiu

3

o o

vedulddmiuusiazysyme Ussvelnefldnsgrutiinuiuld wu unsgruvesui s
doadne lainnshwnmsgw QSPR 15 sndanuaslday

1M 3§U CISPR 1N 1wy CSPR Publication 22 gnﬁmun%mﬁamsmw}u
i runauiifeadesfuuidusimalulagansauma (nformation Technology
Equipment)

2.14.3.3 3AI3WNINIIms (Military Standard) MIL-STD-461B uay MIL-
STD-462 [usrmsguitesn Taemhenwnrsisyessvinranigendng lasil MIL-STD-
4618 fvumdudasia (Limit) uaz MIL-STD-862 asdmuadunsunasisnimaasy
wnsguAInansiiTwasBeauaididunin FCC nsnnsgninaReITants “panu
goulvradyaasunuuivaninin (Susceptibitity)” uazgauaTudnnarsandaninenda
e (30 Hz-40 GH2)

2.14.3.4 wwsgrundadnsignamnssu wen.) lusuiliiadestuainnda
Auldmawimaniv Wrdwivdszmalneldiinstunnsgiuuned IEC (intemational
Electrotechnical Commission) 1U3uléiflusnmssunieluusumenghadumanissaudd
w.7.2541 laglatinaununfuugaudle CISPR 15 uaz CISPR 22 Wunmsgiulneudaldud

= A ' " - A é as o ar - ﬁl
uBN.1955-2542 (Uinmsidesainuasuisusiiedeiu: Indindyynsuniving Sudy
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g WUAUlY uay 1en.1956-2542 (Vidnsimaluladarsaumne: Iadrindyyimusuniu
ny)
= L 4 ¥ e 1 3 ] = Q ar =4
sllansgrumumudiuldnuimaniiihdmivdszmelneiivuama
wagldmasgudmaudidulinisuimdnlniives IEC Wy wellanmaaaudiu
fwandemnlilaseeniduuszniansensrsgramnssu Tasdwineuuinsgundn fus
geaMNTIN (@10.) MIN uamtiamTagUnnsgungsslsuiunsuidygIuTUNILTeS

a o IJ o ar
UIWTRUGENUNANATIAY [7]

AN 2.4 insgung seilsuiunisundgasununisnundiuldvnausivdnlngia

TOANUANINTF Y

CISPR | FCC EN’s VLR

UYAAMNTIU NTNRARING AN TUaY
11 |Part 18.{— EN55011 4
AsuNNe (Industriat ,Scientific and Medical)

12 (SAE) NusMBUA (Automotives)

MASUNIINSEEB VS an W
13 Part 15 EN 55013
(Broadcast receivers)

gunsniwesldnelutiau

14 EN'55014

(Household appliances/tools)

PRI W38 UagDRIsAITLA

15 EN 55015

(Fluorescent lights/luminaries)

aunsainIsin

16

(Measurerment apparatus/methods)

vifusiveluladasauwne
22 Part15 EN 55022
(Information Technology Equipment)

wasgumsuwIdyuialy
EN 55081 -1, 2
(Generic emissions standards)




39

2.15 FAINTIUATVANITNINNNA
2.15.1 syuvian e INAeIY

4 o ! = e s LY =4
I.'leUTHU'UWUE]ﬂWILMUQ WA LAY TEAUAIINEIUBIBINIAE Y ﬂﬂﬂUu&ﬁﬂU‘U

qUNsaily 2 Ussiam fie

2.15.1.1 Primary Surveillance (PSR)

U9 2.25 smiusugd (Primary Suveillance Radar)

vsn§UguAil (Primary Surveillance Radar) AnsaldaiuilvpdssBavinennia
& (Approach control) fseillansauliiviu 80 lufnzia Yaquiu u3dnm Hhediddeuey

vhenmeatedvl fvaglan nysmn viadiu walng oz fin
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2.15.1.2 Secondary Surveillance (SSR)

§Uﬂ 2.26 Lan3vRunil (Secondary Surveillance Radar)

(3 - = > - g kel & e
1nnniand (Secondary Surveillance Radar) Aassldiudviuinniu
MR MUty (Area control) B3millagsey 250 ludveia ety yiin= fifads
Tinueg w yhomeeaBeslwl auasuell ngavme gensentl wbswigosaey

2,152 szuvAsaisnsiduninin

Ground to Ground

= a
31]‘" 2.27 5¥U‘Lla'ﬂﬂ'1‘iﬂ’l‘itﬂuﬂ'lﬂ'lﬂ

= [ |
11Jﬂ']7ﬂ'3UP:lNﬁﬁ'3%'iﬂ'Nﬂ']ﬂ'\ﬁ 35Uﬂaaﬁ17ﬂqilﬁu9"ﬂ’lﬁ lﬂ'ujb"UU\"'}unﬁﬂ'ﬂ

ar s U X v oa ua o = w ¥ o - ¥ s [
ﬁ']ﬂtyizuumq YNULW'i'wﬁ'l.f{]U%ﬂuWﬂU'nlﬂiﬂ-‘u’ﬂﬂ\’&lﬂqiﬂﬂﬂﬂ UsgaIunusEnINny ‘lmm



41

' v < o H

MFUSTEAUNUTENINEMNTIPMUANITINTNIINIA AUALEAIUANTITININIIBINIA e
' ' [ v el a
melulszmaasannssmn wensussa Ui MIIAIUANI I MIeIMA U
@ e - o =~ 1 2 1 ar o - L4 - 1 =i
untu eviimsuandsuriansteyasie q @miunistu elinistu Wuldednsil
a a Y ' - da '
Uszdninw uazinanudasndy gue inulumupduruding datsinséw andie
) ¥ o ] v 14
vieneszuuleuiiuas annsoutwszualdaessainvlng fe
2.15.2.1 Ground to Ground Communication

g Aﬁlu @ a i a i & a o 4 a = -]
L\‘]ﬂiS‘U‘U pa s lvdmiviane DANTIWUHINAIPWUAUNUNAWUAY NTDN

&

=] - 1 ' 2 A ar L] o 1 i
ﬂElL'f.}'l.lﬂﬁﬂﬂﬂ8'53‘1’7')’]\1LQ'1Mﬁ'11‘1ﬂ'JUF]11"ﬁ'15]'i?l'l\?i}’]ﬂ']ﬂﬁ'lﬂﬂulﬁﬁ MU ANABDIENINGUY

e

PIVANTTIVINNOINIANTUNN AU neveRunIstiudieg nelulseme uasfaseiueu
AIUANITININ BN IATESEMAT 0AYs TilwaunasinanuRdefulsynelng e
Usganuaulunisisnisesmaneaniemisudsinuazdeyasiieg Miuides nsdeanslu
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Array name : PV Array 2 Axis tracking : None Panel title : 20 Orientation : 270
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14) nsendeyaus PV Array 3
Array name :PV Array 3Axis tracking : None Panel title : 20 Orientation : 220
Rated Power : 95 kW Module surface material : Smooth glass with ARC

Reflectivity : 0.019 Slope error : 8.43
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VOLTAGE COLOR LEVEL
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Test Specification : IEC/EN 61000-6~3 a and 6 of CISPR 16-1-1; 4 of CISPR 16-1-2;

Clause 7 of CISPR 16-2-1
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4.2.2.2 Radiated emission
Test Specification : IEC/EN 61000-6-3; 4 of CISPR 16-1-1; 4.4 of CISPR 16-1-4; Clause 5

of CISPR 16-1-4; 7.2 of CISPR 16-2-3
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Results for PV array 1 <
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1-minute time interval,
All times are in standard time.
For Daylight Savings Time add one hour.
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VOLTAGE COLOR LEVEL
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UWKAIAT (Solar PV Rooftop)

1. anwursTuunaalWlnasuLasaning

sUURARIWTINAI O ULaIaindUsenaunle wudgaduan ing  enaalui
nivuanss (Direct current) lalisunasariing uazdrenszualwitgunsaludasiulwihailase
Whszuudmuie (Grid  connected Inverter) iianlasulwiiinszuansudulniinssuaady

= 1 I 1 J o ar A 1
(Alternative current) naustenseualWirdueasianassiulnin (Watt hour meter) nasidousa
v e o 1 ' o ' 3 o
WafussuUImsveansiwidgdudng aelaasunsy
4wl geudunisiaraszuy Solar PV Rooftop

# wueih giunsindsssuy Solar PV Rooftop

3 - -
= mngls miliihdugiiam wasnie nsliihuasray

mf -5l Safety switch AN —
JBOX  or Circuit breaker MCCR Wh meter
Grid connected
inverter

Grid Utility
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al

3.1 usNWwaduaeing s1sazidonnail

-l ¥ a 3 L o v [ ) ar
3.1.1  nsahduunsieady vila Crystalline silicon Aailludivie ;uﬁ"lmum%wmq
WA NeN. 1843 wialATusewnsgiu IEC 61215 Crystalline silicon terrestrial photovoltaic

(PV) modules-Design qualification and type approval

¢ a 2 o v ' Y o
3.1.2 nsdifuusagads wda Thin fitm msduieuarjuildfunisiuseannasgiu
uen. 2210 wislaTuseunnsg IEC 61646 Thinfilm terrestrial photovoltaic (PV) modules-

Design qualification and type approval

3.1.3 msdusdafausifildsunisfussmunnsgiu uon, 2580 wisldTusawmu
uAsg IEC 61730 Photovoltaic (PV) module safety qualification vwiaifiusinsnusififinmuain
wWulumusnsgiu sen. 2580 wie 1EC 61730 Tasiinununamsaaauiioaniilasesufdints
nadauilAzun1sFusenasg ten. 17025 w3aldiunissusauinigiu ISO/EC 17025 General

requirements for the competence of testing and calibration laboratories uantugu

3.1.4  madlduuiluivses (Certificate) syymslasusannsgiunaniusiniuda
3.1.1 wiad@ 3.1.2 Roenliilag Certification Body (CB) wansUs¥neu

ar - <l ar J
3.2 lansddesasdunnasaduasating fsiuaxidonsail

3.2.1 Fagilivirlassaien mnduindnindoudsnyduvyuion Hot  dip

galvanizing) a1y Mg ASTM visatulaveUaendiiy

3.2.2  dwdssneulaseaing ssannsassnessnitududituazusznauldatng

dvmIn

3.2.3 Jan gunsaldudalmamad dulaseadien tazgunsaldudayalaseainen fu
v [ da & - al v do L
lassadrandsenaniuifass asfivueiivmnzauuanduiagiihanaunuiaa (Stainless steel) wio

lavigUasnaiiy

3.2.4 1as9aie msannsofesiwad Wwatisiuas udwse wasusznauiiniu
lassasravdsnnlaed aiuns aunsafulminuazaiuisasiuniunseandsve dasniiaiiuss
gagnvaamglyuau (Tropical storm) malsgnimvasnsugniunivenldetwasnie vieania
£ E o w ey, - J J ¥ 1 ﬁ a‘ 8 o
AUIULSIRLUEnEatan usvsuaAtyd s amussileuineidasamsnuluiui (&)

3.3 gunialudasdulwiheiladaduszuudmice (Grid connected  Inverter) i
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331 Wuiveuasjuilléfunisfusesnuanasgiu IEC 61727 Photovoltaic (PV)
systems -Characteristics of the utility interface wazumsgau IEC 62116 Test procedure of
islanding prevention measures for utility-interconnected photovoltaic inverters w3atdu
wanSusiniinuandiidulunnnssgu IEC 61727 ua IEC 62116 lasiisenunanisvagoutans

Useneu

3.3.2 msiidnuluiuses (Certificate) nslasusemmsgiumuda 3.3.1 foanli
lny Certification Body (CB) uamlszneu wieilsieaunanisvaasy (Test Report) fiudns
anaiEdulunsnasgudingn feenlilaseclfianmeasuitldiunsfusesnassu uen.
17025 wialdiuieansgiu ISO/IEC 17025 General requirements for the competence of

testing and calibration laboratories

3.3.3 ipuantiemey i (Electrical -specification) uluaussideuves
mslidednine ddmedermusnsidesdesyuulaseielii wa. 2551 viesuduuduq 9
edes laglifisnunanimadounmantiidnd eenlilasmienunaaauiinisiniinde
Imieyeuiy

3.4 fan gunsnisznau T5wasBuasiil
3.4.1 guniairTuRuMsAn-daesdulwinszuanse
1) nsililu Safety switch Hswandunsi
(1) Wurile Fusible Type 1 Phase 2 Wires wiaiiaduiiania
2 Tnssatradulavs ddiaitlesiunisidadiodulunaivtagsumis ON

(3)° Fasaindedaliiinszuanss (OC Fuse) wasfinanszualwi (Rated

current) hitlasndn 1.25 Wiwesidansuiadnans (L) flan1iz STC vemaundsady
2) nstifhu Circuit Breaker fistwasiBundil

(1) 1uwile Molded case Circuit breaker, MCCB

(2) \Wundnfueiewsnigiu EC 898 w3e IEC 947-2 wisunnsgiudud
Wisuwiwiednia

(3)  fffdanszua Ampere trip, AT Litfesnda 1.25 wihwesfidanssua
§maa3 () flanme STC YDIYAUHUYAA "

3.4.2 gunsaiasugunsAn-daleesdulwihnszsuaadu fisuaubondail

1) \Uuriin Molded case circuit breaker, MCCB
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2) WDundndusiniuuinsgiu EC 898 wie IEC 947-2 wiannsgiudum
=l ] o = I
Wisuwiviefnin
3) fifidmnssua Ampere trip, AT lidtiesndn 1.25 Wi veafidaidslnia

(Rate power) il Unity power factor aasgunsaiutaslnih awda 3.3
3.4.3 aelvia fswasduassil

1) Juaneliuiia Photovoltaic wire ianusavugumgilitiosnin 80°C

a a o o wad 1
vidaiuenalwieile 0.6/1 KV CV asnasgu IEC 60502 wisanuviinduiiinuaut@finga

2) sulwihnszuanss fleuanunszuagegalaliandt 1.25 wih vaanszud

al & d d o
8A2993VBYALNATATY (1) Tan1Iz STC. Razsiulyamdauludvusde 4.7.1

3) slvinszuaadu fluuamunssuageanldlifesndt 1.25 wih veanszua

Tweenitiinidslni (Rated powen) 7 Unity power factor vasgunsalulasini aude 3.3
wardulunudeulufwunde 4.7.2

? AP
3.4.4 viasauarglWni dsavazidunead

1) nsaitluvia Polyethylene Assithivisyiinrasmuniiugs (High Density

Polyethylene Pipe; HDPE) FuRmamy PN 8 wiainin uandundndamildfumsiuses sen. 982
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AauTRAIaInII9Taun N (Power Quality Meter)
woan1slwiuAVIaN

Power quality meter shall measure and record the 3 phase true RMS electrical value in 2

categories which are Profile Recording and Event Recording.

Profile recording is the continuous recording of average, minimum and maximum RMS
value over 10 minutes period including Voltage, Ampere, Real Power, Reactive Power,
Apparent Power, Power Factor, Harmonics (Voltage, Current and Power up to 50th),
Voltage Unbalance (Unbalance Factor, Positive Sequence Voltage, Negative Sequence
Voltage and Zero Sequence Voltage) and Flicker (Short Term Flicker Index, Pst, and Long

Term Flicker Index, Plt). Note except Plt which calculate over 2 hours period.

Event recording is the condition trigged recording of a voltage and current waveform of
an abnormal event including Voltage Sag (Dip), Voltage Swell and Short Interruption with
the minimum sampling resolution of 128 samples per cycle and allow user to adjust the

trigger condition.

Power quality meter shall comply with international standard IEC 61000-4-30 (power
quality measurement method) class A performance, IEC 61000-4-7 (harmonics) and IEC
61000-4-15 (flicker).

The internal memory of power quality meter shall be enough to store all measurement

data at least 7 days without data:loss.

Power quality meter shall have an internal battery backup for ride through capability at
least 1 hour in case of power supply failure and shall-have an automatic restart function

in case of back up battery deplete.
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1.3 useRunsziay (Voltage Fluctuation)
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1.4 msanalndanszuanss (DC Injection)
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1.5 msaauauiaslwAriuaaiin (Reactive Power control)
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A1 Power factor

FYAULTIAU 0 3 PCC

1) SuULTITus 0.95 lagging to munldedinioy 1 38 fie

2)  ssAuussdulIunataviasyay 0.95 leading A fixed displacement factor cos @
usadugs (Ardsdnfnmalsiiu 500 Wuathaley
lainm)

3) - sEAULIIAYYIUNAINTBILAY 0.90 lagging to umuldadnion 2 35 fe

A . v .
WsIAUgY (MawanARRIINANT 0.90 leading 1) A fixed displacement factor cos @

2), A variable reactive power depending
on the voltage Q(U)
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1.6 m3aruAumEaslnita (Active power control)
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1.7 annuarunselunisnudaaniizuseduand vz (Low voltage fault Ride

through)
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1.8 mslasiuussiusuazusaiuiiu (Under and Over voltage protection)
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TEAULTIAY o APCC YNNI (Gui)
V < 50% 0.3
50% < V< 90% 2.0
90% < V< 110% usaiuviusaias
110% <V < 120% 1.0
V > 120% 0.16

i doa 3
1.9 mslasnuanudainazaudiiu (Under and Over frequency protection)
syuundnlviesndalithnnadnuinagiisaanieseananzuulasstgluih

malu 0.1 Juil diearuinyaeudeilalisglutie 48 Hz - 51 Hz

1.10 msdasnumsielwiuvuszuuiniiuenlean (Anti-standing)
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1.11 mnﬂamiané’uﬁutiﬂglszuu'[nsaiw'lﬂﬂ'i (Response to utility recovery)
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2.2 mﬁﬂmuazﬁméﬁqm‘%aﬁﬂammwlﬂﬁﬂ (Power quality Monitoring) musuiliounis
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3.2.1 medauluviowvadau (Laboratory Test)
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(1) #sueiin (Harmonics)

(2) usaﬁ‘unsztﬁauwoltage Fluctuation)

(3) msdwldinszuanse (OC injection)

@ nseupuidsliiSueniivn (Reactive Power control) waz38n1sAIuay
maslviSueaiiv

(5) nsAIuANMAIINAN (Active power control)

(6) prmawssluntsmuseanzuswuRITIaY (Low voltage fault ride
through)

(7) msUasfunsefusiuasuasdiuiu (Under/Over voltage protection)

8) nstlesturudswaraditiy (Under/Over frequency protection)

©9) mslowunasirelmuuussuulwiuenlas (Anti-islanding)

(10msi@endenauAltIgssuUlATIEe (Response to. utility recovery)

3.2.2 msnsvianunwiniuaznsagauniaauu (Field Test)
nsvedauNIAAuLLeEN1IA T Ingua i A 1 dunslaemsivihdugiinie
il
1) mavpgsumpauLiw deiideninn svnaeuR sl

(1) mytesiunmsdgliuuuizuulniiuenlas (Anti-lslanding)
(2)° myeursnduAudigszunlassing (Response to utility recovery)
(3) mavadeulannisiiousie (Load rejection)
2) maniepunmlwihindeisomsaiadd
(1) useiu (Voltage Level)
(2) AT (Frequency)
(3)@sueiln (Harmonics)

(4) usedunseilon (Voltage Fluctuation)

4. fupauuaziEnimeday
4.1 msvasausivaiin
WEadetumedinavaaounaanasgu IEEE vide IEC Avanzald
4.2 mInAFBULTIRUNTEIDY
WiedstumeriBnivadeuniuunasyu IEEE v IEC Avanzauld
4.3 mavadaun I luiInIzuanse

Yy a Y a o v
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4.4 MIMAFaUNTIAUANAIAIINAIIUaAYN (Reactive power control)
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a5 7. Medeasnduiinwantvageu
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4.5 nedaun1TAIUANAIAILWAY (Active power control)
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Test List V (VA/n) Duration time (sec)
three-phase faults 0.7-0.8 Vn
0.3-0.5Vn
0-0.049 Vn
Phase-phase faults 0.7-0.8 Vn
0.3-0.5 Vn
0-0.049 Vn
Single line to 0.7-0.8 Vn
ground faults 0.3-0.5 Vn
0-0.049 Vin
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4.7 mitasnuusshumuasuseiuiiu (Under and Over voltage protection)
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4.9 madaunislasiuaniaznisiigiwuuuszuulviuenian (Anti-slanding)
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5. gUuuumsideudaiuszuulasstrelniwasmsiviidiugiine
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Utility ‘s distribution line

I
; é
Y% Utility's distribution transformer

Utility's low voltage distribution line

Part of utility's responsibility

Part of Customer’s responsibility
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Load 1 Load 2
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Utitity"s distribution line

Part of Customer's responsibility
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Solar Glare Hazard Analysis Tool (SGHAT)
User’s Manual v. 1.0
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1. Requirements

* Use of this software requires the latest version of one of the following free web browsers:
Mozilla Firefox or Google Chrome.

 The Solar Glare Hazard Analysis Tool (SGHAT) can be accessed by registering at
www.sandia.gov/glare.
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2. Introduction

With growing numbers of solar energy installations throughout the United States, glare from
photovoltaic (PV) arrays and concentrating solar systems has received increased attention as a
real hazard for pilots, air-traffic control personnel, motorists, and others. Sandia has developed a
web-based interactive tool that provides a quantified assessment of (1) when and where glare
will occur throughout the year for a prescribed solar installation, and (2) potential effects on the
human eye at locations where glare occurs.

The Solar Glare Hazard Analysis Tool (SGHAT) employs an interactive Google map where the
user can quickly locate a site, draw an outline of the proposed PV array, and specify observer
locations or paths. Latitude, longitude, and elevation are automatically recorded through the
Google interface (see Figure 1), providing necessary information for sun position and vector
calculations.  Additional information regarding the orientation and tilt of the PV panels,
reflectance, environment, and ocular factors are entered by the user.

If glare is found, the tool caleulates the retinal irradiance and subtended angle (size/distance) of
the glare source to predict potential ocular hazards ranging from temporary after-image to retinal
burn. The results are presented in a simple, easy-to-interpret plot that specifies when glare will
occur throughout the year, with color codes indicating the potential ocular hazard. The tool can
also predict relative energy production while evaluating alternative designs, layouts, and
locations to identify configurations that maximize energy production while mitigating the
impacts of glare.

*+ SGHATrequires the latest version of one of the following free web browsers: Moziila Firefox or Google Chrome
* Download the SGHAT User Manua

Mapplng DutlingiP\liaray/snd add ofSenalin-dolnt(s)

i Searcth Animalion Conirois &

Figure 1. Screen image of SGHAT starting page with Google Map interface.
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3. Assumptions and Limitations

Below is a list of assumptions and limitations of the models and methods used in SGHAT:

The software currently only applies to flat reflective surfaces. For curved surfaces (e.g.,
focused mirrors such as parabolic troughs or dishes used in concentrating solar power
systems), methods and models derived by Ho et al. (2011) [1] can be used and are
currently being evaluated for implementation into future versions SGHAT.

SGHAT does not currently apply to tracking systems. The majority of PV installations
are currently fixed tilt (do not track), but we are planning on implementing single-axis
tracking to the tool in the future. Two-axis tracking, when operating properly, will not
yield significant stray light reflections since the module will be pointing toward the sun.

SGHAT does not rigorously represent the detailed geometry of a system; detailed
features such as gaps between modules, variable height of the PV array, and support
structures may impact actual glare results. However, we have validated our models
against several systems, including a PV array causing glare to the air-traffic control tower
at Manchester-Boston Regional Airport and several sites in Albuquerque, and the tool
accurately predicted the occurrence and intensity of glare at different times and days of
the year.

SGHAT assumes that the PV array is aligned with a horizontal plane defined by the
centroid of the coordinates outlined in the Google map. For more accuracy of the glare
analysis, the user should perform runs using minimum and maximum values for the
“Height of solar panels™ to bound the height of the plane containing the solar array.
Doing so will expand the range of observed solar glare when compared to results using a
single height value. Future versions of SGHAT will allow the user to prescribe a desired
tilt for the plane containing the PV array.

SGHAT does not consider obstacles (either man-made or natural) between the
observation points and the prescribed solar installation that may obstruct observed glare,
such as trees, hills, buildings, etc.

The tool currently uses a constant reflectance for the solar modules as prescribed by the
user. In actuality, the reflectance increases with increasing incidence angle. We are
currently collecting data on the solar reflectance as a function of incidence angle for
different modules and glass types. We plan on implementing this new feature in a future
version so that the user can choose a module and/or glass type to specify a more accurate
representation of the solar reflectance as a function of incidence angle.

The variable direct normal irradiance (DNI) feature (if selected) scales the user-
prescribed peak DNI using a typical clear-day irradiance profile. This profile has a lower
DNI in the mornings and evenings and a maximum at solar noon. The scaling uses a
clear-day irradiance profile based on a normalized time relative to sunrise, solar noon,
and sunset, which are prescribed by a sun-position algorithm [2] and the latitude and
longitude obtained from Google maps. The actual DNI on any given day can be affected
by cloud cover, atmospheric attenuation, and other environmental factors.
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* The ocular hazard predicted by the tool depends on a number of environmental, optical,
and human factors, which can be uncertain. We provide input fields and typical ranges of
values for these factors so that the user can vary these parameters to see if they have an

impact on the results. The speed of SGHAT allows expedited sensitivity and parametric
analyses.

4. Mapping PV Arrays and Observation Points

On the starting page, a brief introduction to the tool is provided along with a Google map (see
Figure 1). The user first identifies the location and outline of a PV array. Then, observation
points (one or more) can be selected for the glare analysis.

4.1 Locating and Outlininga PV Array
* Beneath the Google map, enter the city, airport, zip code, etc. in the search field to find
the appropriate location
o Use the zoom features to adjust the scale
o Use the “Satellite” mode to view buildings and other structures for reference
* Click on the rectangle or polygon tool to outline the footprint of the PV array on the map

—
AR A
o For the rectangle tool, click and drag to draw a rectangular shape

o For the polygon tool, click on the vertices of the desired footprint to create a
polygon. Click on the first point again to close the polygon.

o The elevation of the PV array above ground level (e.g., if it is located on a
rooftop) can be specified in the data entry fields (see Section 5).

o Use the hand tool to translate the map up/down or side to side
) :
WAL

o An outline can be cleared by clicking on “Clear Array” in the data entry section
below the map or by simply redrawing a new outline

4.2 Locating Observation Points

* Use the observation marker to select locations on the map where you would like to
analyze solar glare (reflected from the prescribed PV array)

r
MOLEIE
o The elevation of the observation point above ground level (e.g., from an air traffic

control tower, plane) can be specified in the data entry fields (see Section 5)

©  Multiple observation point can be specified (each observation point is labeled
OP1, OP2 etc.)

4|Page



164
U.S. DEPARTMENT OF Sandia
@&nERGY ) 2=

o The scale in the lower left-hand corner of the Google map is useful for spacing
observation points relative to other points or objects

o Observation points can be cleared by clicking on “Clear Observations” in the data
entry section below the map or by selecting the hand tool and right clicking on an
observation point

5. Data Entry

Beneath the Google map, data can be entered to prescribe features of the PV array, observation
points, solar irradiance, and ocular conditions in the “Data and Coordinates” tab.

® Height Units: Select the units of distance for the height of solar panels and the height
above ground of each observation point in feet or meters.

® Analysis Name: Name the analysis. Multiple analyses can be performed and stored in
the Results section.

* Orientation of array. Specify the orientation of the array in degrees, measured
clockwise from true north. Modules facing east would have an orientation of 90°, and
modules facing south would have an orientation of 180°. The “Calculate declination” link
can be used to determine the orientation if an angle based on magnetic north is known.

* Tilt of solar panels: Specify the tilt (elevation angle) of the modules in degrees, where
0° is facing up and 90° is facing horizontally.

* Height of solar panels: Specify height of modules above ground level in feet or meters.

* Rated power: Specify the rated power (kW) of the PV system. This is used to calculate
the maximum annual energy produced (kWh) from the system in the prescribed
configuration (assuming clear sunny days). This is useful for comparing alternative
configurations to determine which one has the maximum energy production.

* Reflectivity of PV module: Specify the solar reflectance of the PV module. Although
near-normal specular reflectance of PV glass (e.g., with antireflective coating) can be as
low as ~1-2%, the reflectance can increase as the incidence angle of the sunlight
increases (glancing angles). Based on evaluation of several different PV modules, an
average reflectance of 10% is entered as a default value.

e Slope error: This parameter specifies the amount of scatter that occurs from the PV
module. Mirror-like surfaces that produce specular reflections will have a slope error
closer to zero, while rough surfaces that produce more scattered (diffuse) reflections have
higher slope errors. Based on observed glare from different PV modules, an RMS slope
error of ~10 mrad (which produces a total reflected beam spread of 0.13 rad or 7°)
appears to be a reasonable value.

* Subtended angle of the sun: The average subtended angle of the sun as viewed from
earth is ~9.3 mrad or 0.5°.

*  Peak DNI: The maximum Direct Normal Irradiance (W/m?®) at the given location at solar
noon. This value may be scaled at each time step to account for the changing position of
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the sun and reduced DNI in the mornings and evenings if the “variable” option is selected
in the next field. On a clear sunny day at solar noon, a typical peak DNI is ~1,000 W/m”.

DNI variability: “Variable” scales the peak DNI at each time step based on the changing
position of the sun. “Fixed” uses the peak DNI value for every time step throughout the
analysis, with no scaling,

Ocular transmission coefficient: The ocular transmission coefficient accounts for
radiation that is absorbed in the eye before reaching the retina. A value of 0.5 is typical

[1,3].

Pupil diameter: Diameter of the pupil (m). The size impacts the amount of light
entering the eye and reaching the retina. Typical values range from 0.002 m for daylight-
adjusted eyes to 0.008 m for nighttime vision {1, 3].

Eye focal length: Distance between the nodal point (where rays intersect in the eye) and
the retina. This value is used to determine the projected image size on the retina for a
given subtended angle of the glare source. Typical value is 0.017 m [1, 3].

Time interval: Specify the time step for the glare analysis. The sun position will be
determined at each time step throughout the year. A time step of 1 minute yields
excellent resolution.

Data output: Specify if downloadable data that can be read in Excel is desired (takes a
bit longer for the analysis). Even if no output is selected, results can be viewed in the
“Results™ tab.

Height above ground (under Observation Points): Specify the height of the observation
point above ground in feet or meters. Google Maps automatically determines the ground
elevation (above mean sea level) based on the selected points, so the specified height
should be the elevation above ground level.

6|Page



166

O U.S. DEPARTMENT OF I Sandia
Ay e N R MM vse S50 Dighardiven. Suckin, VDA Fam b v AT - Ll Sovert s g s =
m e B
Data and Coordinates Requits
Hover cver heids for helpful infemmation .
PV array vertices
» F
Hoghtunis 1 Fast Latitude  Longituose  Elevation  Elevation
® Mo {deg) @eg)®  (m) i
Analyss name  MHT 420202485 714404010 67 BE22021 222 705440
Orentation of aray 200 deg 420280496 714394032 67 7910003 202 4114256
it
429276218 .71 4401435 GT THI0003 222 411425
ABcrach i~ 21 deg 420270126 71 M41M413 677010008 222 4914256
Height of sofar paneis 21 m
Raled power 500 KW
PeSeroWRy oV inedie. 19 Observation Points
Siope eror 10 mead Latitude . L ! Helght above
¥ (deg) (deg) @ tm) m ground (m} @
Sublended angle of sun 93 L L]
1 4200833 TH44204 . ET 70060 27241008 .5 =
Peak DM 200 wm'2
O vanatiy 8 Vanable
fro (eS0T
Time mierv@l ' min
Data outpul Hone b
e (A Daramieleny
E€1997-2013 Sangla Comoralion ' | Quesfons and Chmmafts’ | Senda Br vacy & Secinty || ~Dacipme’ aia Tems of Sapvice |
]
e R I R B W T R T el e T i T I N N N R T TR T T Tl e

Figure 2. Screen image of data entry fields.

6. Evaluating Results

After entering the PV array, observation points, and data in the previous sections, click the

“Analyze” button below the Google map (see Figure 1). An analysis box should appear
indicating the status of the run (Figure 3).

[ s
Calculating observations...
1 R Calculating Mearch resulls at

1 min infervals

Figure 3. Screen image showing status of analysis.

When the analysis is complete, click on “Continue” and then click on the “Results” tab. A
summary of the input parameters is shown for the current analysis, along with the annual energy
production and Glare Occurrence Plot (Figure 4 and Figure 5). On the right side of the screen

image shown in Figure 4, multiple analyses are shown and can be selected to view and compare
results.
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Figure 4. Screen image of results section.

The Glare Occurrence Plot shows when glare can occur (as viewed from the prescribed
observation point) throughout the year. The color of the dots indicates the potential ocular
hazard [1] as shown in Figure 5. In the example shown in Figure 5, glare is predicted to be
visible from the prescribed observation point during the morning from January to November for
~30 — 40 minutes. The color of the plotted points indicates the potential ocular hazard. In Figure
5, the yellow dots indicate that the glare in this particular example has the potential to cause a

temporary after-image.
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Figure 5. Glare occurrence plot showing when glare can occur (time and date) and the potential for ocular
impact (represented by the color of the dots). Times are shown in Standard Time (during Daylight Savings
Time, add one hour).

7. Glare Animation

The location and movement of glare within the outlined PV array can be viewed for a given day
using the Animation Feature. Figure 6 shows the location of the Animation Feature in the
SGHAT interface, which can be found by clicking the “Animation Controls” button.
Instructions for using the Animation Feature are as follows:

¢ Outline a PV array, select an observation point, and fill in the data entries (see Sections 3
and 5)
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* Select a date by clicking on the “Date” input

wueam» .
¥ Select date
01-61-2013

* Select an observation point (OP) from which to analyze possible glare, if more than one
1s present:

Select date

Animation Controls v

* Press the “Play” button to begin animating the location of glare on the PV array
o Ifno glare is present on the selected day, a message will be display

[ T T T . |
Select date
01-01-20n3

b
o

Selecl OP

(]

Animation Controisw

* Glare found on the indicated day will begin animating on the Google Map interface (see
Figure 6). The time of the indicated glare will display in the “Time” field.

Seiect date
Setecl OP
1 >
L] > M

06 50 o

Animation Conlirols v
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* Use the “Forward” and “Back” buttons to step through time. The position of glare at the
indicated time will be shown on the map.

T

Seiect date
06-11-13

Select OF

5 i
;5‘-‘@

Animation Controls v

Oata and Coordinates Resufts

Figure 6. Location of glare (denoted by the yellow dot) observed on the PV array from a prescribed
observation point. The dot may move slightly beyond the area of the outlined array due to beam scattering.
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Display
SCREEN SIZE 1.6 4nch
Connectivity
CONNECTORS SP|
PORTS RST/CE/DC/DIN/CLK/VCC/BL/
GND
Electronic Components
ARCHITECTURE Arduino
INPUT VOLTAGE 3/5 ol
Specifications
BACKLIGHT Blue Backlit
Dimensions mefric
DEPTH 5mm
HEIGHT 45 mm
WIDTH 43 mm
PRODUCT WEIGHT 144
Introduction:

Nokia5110 LCD screen is used disassemble Nokia phones, the site sold off-color LGD are selected and quality
are vefy good:

Bottom of the site design, comer positioning holes, while providing two rows of the upper and lower connection
port, arranged as follows:

RST - Reset

CE - Chip Select

DC - data /instruction selection

DIN - serial data line

CLK - Serial Clock Line

VCC - power input (3.3v-and Sv may, after experimental verification, no problem)

BL - backlight control

GND - Ground
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) LCDS110 1 3110 RST TEAS767 (FM radio) + Nokia 5110 LCD (PCD8544) & Arduino
e 7 B LIGHT 2 e CH
- L 2 —
24 & |y -
lwﬂn : '] ‘_'mr—-—-" s : 1\._; CLK
LED2 K e TGN
LEM A fi——per ey i
LEDY K [ — e
LEDI A - Goni
vee 2
ki € §
CLK % - ;:\k f Pl 3 $110 RST
DIN |- o e " «.—...;LF'.""
r::r'.‘( 10 CK 3 :_l%::\
o8C | 2 3o CLK
SEEE—— T
4y T0 HST C—
L e _— [
LCDAL IO i o
"
Eol, 5 Nodss $110 LCD
—— 0 — o
o1 — g 0
S f— v D e e
Nohia 5110 3 Shoal v rauitronics;
amer
o & Kokie5t10
i | — Y a W — (1] .
-z -§_ €4 [
MOW gy e
o o (-4
i — <
__._._...I l - u
- RN

Resel (Actve Low) i 2:' o =3 ,

Chep Enabie (Active High) ——-—-i-ﬁc .-

Data (1) o Command (D o d i -
Dita iyt - - s
Clock -

Powe: -

Backingr -
Grownd - b v

{7 e3ds Ao :::L-
H-E3 B RESET |+ |
{ile%n 2 vea | |/
LIPS} D13 oo
§ g NIC &

Interface provides 51 single-chip serial SPI interface, website. Nios Il soft-core driver routines

Interface provides 51 single-chip serial SP1 interface, website, Nios II soft-core driver routines

The module has the following characteristics:

e B4x48 dot matrix LCD dsplay 4 nes of Chinese characters

o Use a serial interface with the host processor communication interface signal lines significantly reduce the number of signal lines,
including powear ard grownd only & Supports & vadety of senial commanication protoooks (such st the 2R MO SPT MCSS§ saial
mode 0, etc.), the transfer rate of up to 4Mbps, can be written to the display data at full spaed, no waiting time.

¢ By conductive glue to connect the module with the printed version, without having to connect the cable with a metal hook on the
module to module fixed to the printed crcuit board, which makes it very easy to install and replace.
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AVRS FATMEGASZS 32 KBYTE FLASH SRAM ZKBYTE
EEPROM \KBYTE
® FIDI wed FT232R sunsonesa

fivaasRnesd PC shwm PORT

uss YWlaswie m

ET-EASY328 STAMP(P-ET-A-00493 ) [590.- tialusu Vat]

yavisn g nluiase auinsawmafluasena AVR Vasawisovian i muTsunsuah
119 PORT USB 1alauass drenn dsewda

ET-EASY328 STAMP Liviadaluiasnauivsawmafluastna AVRS sutadndy lanltway
ATMEGA328 Ju MCU timrdiuada uannimivdimeludiuadads Tdsanailad USB BRIDGE
¥ 23 FTDI waf FT232R aundadasaduaauiiiaas PC giuni PORT USB lalauasaithvivada
ET-EASY328 STAMP ifhuuafanaasaldsmmoadn Wivisuwiawtldsaniugiu ddudu
dan it adruvals vipsumdyusaiy USB sineiasd auiead PC LainAuth USB
vasuase ET-EASY328 STAMP famwsaifuuivsunsi uaz DOWNLOAD CODE whéiuada
visaulthvihnwwaaammialdanwleaiui

ARDUINO PROJECT dluguurunisimiuy TusunsyTa sldTusunsuuared1ds s a1 H(C++ ) ma9
ARDUINO PROJECT SarlunrslaisniluTasraviniatany Tuasna AVR luuuy OPEN SOURCE awnsniin
Tnutlas Tidesn tbdhe ansoanuandostéiud hitp: /www.arduino.cc Tanlusa ET-EASY328 STAMP
@3 MCU 3nn)e Wi asviimadeas Tilsunsy BOOTLOADER 17ludy MCU 13uusan 81350 DOWNLOAD 16
Tauass tiun PORT USB

2,
AVR MICRO CONTROLLER lusthuupowisiniIsunsuenusiuuuras AVR Usnd foannsoifanitnu
Tusunsunmeileq Weaefur sl usauAy AVR (uad ATMEGAI2E (v a1snudn BASCOM-AVR, mm 4
CODE VISION, WIN AVR Jludu Taeldms DOWNLOAD #iws BOOTLOADER wiaruvwinda AVR ISP uuu
IDE10PIN iaazﬁ'a.lﬂ'ﬂ_ﬂ DOWNLOAD siau¥iu s2iu Teiwa ET-AVR PROG MINT, ET-AVR ISP USB V1 a4

Tadanid MCU aszna AVRS tuaf ATMEGA328 mas ATMEL Ttaiu RUN-16.00 MHz
2.micuanud FLASH 32 KBYTE, SRAM 2 KBYTE, EEPROM 1 KBYTE
3.4 GPIO 14971 22 BIT«fht DIGITAL S1u7u 14 BIT, ust A TO D v 10 BIT 4mou 8 BIT

4. -
POWER SUPPLY saltom 5VDC Tapidleviadn SVDC 310 PORT USB uasain umadsio SVDC amouan wiau
LED POWER ua avalnus

5.4h933 EXTERNAL RESET uuu RC RESET uas SW RESET

6.9waldnunsdivn PIN HEADER szustitg 254 mm. yuie 28 PIN tuevne 600 MIL Jwweaninildea
Ustunsltau uaraawaaadtu PROJECT BOARD

7awauada 2 X 5 CM. mnauadeussinaiowydutad 28 PIN

8.9 a USB MINI uarlad USB BRIGE w2y FOTT waf FT232R vuvada
#ima AVR ISP uuy IDE 10 PIN dawiusialda DOWNLOAD Lvidu MCU luuada lunsdilisasnis

“"DOWNLOAD #ivun PORT USB

10%a ET-BASE AVR EASY32U4 Usznausiu
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3 Features

= 802.11 b/g/n protocol

* Wi-Fi Direct (P2P), soft-AP

* Integrated TCP/IP protocol stack

* Integrated TR switch, balun, LNA_ power amplifier and matching n

* Integrated PLL, regulators, and power management units

* +19.5dBm output power in 802.11b mode

* Integrated temperature sensor

* Supports antenna diversity

® Power down leakage current of < 10uA

* Integrated low power 32-bit CPU coul d plication processor

= SDIO 2.0, SPL, UART

= STBC, 1x1 MIMO, 2x1 MIMQ
* A-MPDU & A-MSDU a - 4s guard interval

= Standby power f< W (DTIM3)
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7 Specifications

7.1 Current Consumption

The following current consumption is based on 3.3V supply, and 25°C ambient

regulators. Measurements are done at antenna port without SAW filter. All the trans

measurements are based on 90% cycle, continuous transmit mode
y

ode d
Transmit 802.11b, CCK 1Mbps; Poyr=+19.5dBm 215 mA
Transmit 802.11b, CCK 11Mbps, Poyr=+18.5dBm 4\ 97 mA
Transmit 802.11g, OFDM 54Mbps, Peorip =;I-i6dBm 45 mA
Transmit 802.11n, MCST, Poyr=+14dBm _# \ 135 mA
Receive 802.11b, packet length=1024 byte, -8 60 mA
Receive 802.11g, packet length=1024 | 60 mA
62 mA
0.9 mA
10 uA
b2 mA
0.86 mA
0.5 uA
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T2 RF Performance

The following are measured under room temperature conditions with 3.3V and 1.1V power

supplies.

Description Min Typical Max

Input frequency
Input impedance
Input reflection
Output power of PA for 72.2Mbps 14 16¥ dBm
Output power of PA for 11b mode 17,3 5 dBm
Sensitivity
CCK, 1Mbps 7 | ‘ D8l & dBm
CCK, 11Mbps 7 dBm
6Mbps. (1/2 BPSK) -03 dBm
54Mbps (3/4 Q-QAM) =75 dBm
HT20, MCS7 (65Mbps, 72.2Mbigs

20, 20, 4 dB

njPage Espressif Systems Oct 12, 2013
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SPI_EN2 usually controls an EEPROM to store individual data, such as MIB information, MAC

address, and calibration data, or for general use. This pin is active low and should be left open if

not used.

Reset : f
Enable

b —e

o s O == — — Qs
e o, 8 S N0/
74 o

DATA OUT v / X \

Figure 2: SPI timing

8.4.2 General Purpose IO

There are up to 16 GPIO pins. They cap/be 3
GPIO can be configured with inte
register, input triggering an
open-drain or push-pull outfiut dri
PWM DAC.

buffer with tristate control inputs. Besides this, for low power operations, the IO can also be set
to hold. For instance, when we power down the chip, all output enable signals can be set to hold

low.

14|Page Espressif Systems Oct 12, 2013



183

SRE(E B R

Espressif Systems

ESP8266 802.11bgn Smart Device @

Optional hold functionality can be built into the 10 if requested. When the 1O is not driven by the

internal or external circuitry, the hold functionality can be used to hold the state to the last used
state.

The hold functionality introduces some positive feedback into the pad. Hence, the external driver
that drives the pad must be stronger than the positive feedback. The required dri¥®gtrength i

however small — in the range of 5uA.

Parameter

Input low voltage -0.3
Input high veltage Vin 0.75x VIO
Input leakage current I
Output low voltage Vor. 3 i
Output high voltage Von m A4
Input pin capacitance | G 2 pF
VDDIO Vio i 3.6 Vv
Maximum drive capability Baax 12 mA
Temperature b -20 100 £C

All digital IO pins are protect€d from owgr-voidge with a snap-back circuit connected between
the pad and ground. Thegna Itageis typically about 6V, and the holding voltage is 5.8V.
This provides protection fr

ovelvoltages and ESD. The output devices are also protected

from reversed voltagds wi

15|Page Espressif Systems Oct 12, 2013
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Firmware & Software Development Kit

The application and firmware is executed in on-chip ROM and SRAM, which loads the

instructions during wake-up, through the SDIO interface, from the external flash.

control function (DCF) but also P2P group operation compliant with.th

protocol. Low level protocol functions are handled automatic ESP82

Passive or active scanni

RTS/CTS,
acknowledgement,

fragmentation and defragmentation,

aggregation,
frame encapsulation (802,11
automatic beacon monitori
P2P Wi-Fi direct,

P2P discovery procedure is performed autonomously once

mm Power management 18 handled with minimum host

period.

P2P Discovery, P2P Group Owner mode, P2P Power Management

Infrastructure BSS Station mode / P2P mode / softAP mode support;

Hardware accelerators for CCMP (CBC-MAC, counter mode), TKIP (MIC, RC4), WAPI
(SMS4), WEP (RC4), CRC;

16|Page Espressif Systems Oct 12, 2013
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=  WPA/WPA2 PSK, and WPS driver;

* Additional 802.11i security features such as pre-authentication, and TSN;

* Open Interface for various upper layer authentication schemes over EAP such as TLS,
PEAP, LEAP, SIM, AKA, or customer specific;

= 802.11n support (2.4GHz / 5GHz);

= Supports MIMO 1x1 and 2x1, STBC, A-MPDU and A-MSDU aggregation agd 0.4
guard interval;

*  WMM power save U-APSD;

* Multiple queue management to fully utilize traffic priorifiZation ed by 802.11e
standard,

®=  UMA compliant and certified;

= 802.1h/RFC1042 frame encapsulation;

= Scattered DMA for optimal CPU off load o

Antenna diversity and selection (software

Zero'Copy data transfer operations;

ed hardware):

traffic arbitration (PTA) with dedicated slave processor based design
C and exact timing Bluetooth co-existence supoport for a wide range of
luetooth Chip vendors;

d single antenna Bluetooth co-existence support with optional simultaneous
receive (Wi-Fi/Bluetooth) capability.

1i7|Page Espressif Systems Oct 12, 2013
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App. QFN32 Package Drawing

PIN #1 pOT S itiache b 370080050 _
BY MARK[NG"‘\ ) Exp.DAP IN #1 IDENTIFICATION
\ P /_gum-sn 0.300 x 45°
\ JUuuuoul
0.400£0.050- [ | o
| ) J -
- . s e | (==
L 3el. T/SLP 0250t0050- 0 |
5.000+0.050 (5 XSI”":I’*\) i =)
s 5T
_j_:)
0.500/ BseA o
3 Ref
T0P VIEW, BINLTOM W
NOTE:

1> TSLP AND SLP SHARE THE SAME EXPOSE DUTLINE
BUT WITH DIFFERENT THICKNESS:

[0:203 Ret
TSLP s
MAX. 0800 ot
A [ naw 0.750 SIDE-MVIEW
MIN, 0.700
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SEMICONDUCTOR

TECHNICAL DATA

KIA7805AP~KIA7824AP

BIPOLAR LINEAR INTEGRATED CIRCUIT

THREE TERMINAL POSITIVE VOLTAGE REGULATORS

5V, 6V, 7V, 8V, 9V, 10V, 12V, 15V, 18V, 20V, 24V.

A
e 0
- Internal Thermal Overload Protection. JL ﬁ@ E 4 DIM| MILLIMETERS
E / G - i !
- Internal Short Circuit Current Limiting. g ol R 3 € e
- Output Current up to 1.5A. | < [
+ 0.1
- Satisfies IEC-65 Specification. (International Electronical Commission). E ¢ 36 £02
. Package is TO-220AB e
“H | 05+0.1/-005
B T
T T T
Lmen g
L 14201
LINE-UP M| oagEer
| [ N | 25602
ITEM OUTPUT VOLTAGE (Typ.) UNIT G
KIA7805AP 5 €D ¢o oo Q 92502
KIA7806AP 6 T
2 GND
KIA7807AP 7 T OUTPUT
KIAT808AP 3 == )
KIA7809AP 9 TO-220AB
KIA7810AP 10 v
KIA7812AP 12
KIA7815AP 15
KIA7818AP 18
KIA7820AP 20
KIA7824AP 24
MAXIMUM RATINGS (Ta=257)
CHARACTERISTIC SYMBOL RATING UNIT
KIA7805 ~
KIA7815 -
Input Voltage A% Vv
g KIA7818 ~ Ny 40
KIA7824
Power Dissipation- 1
s:s.rpa -3 AP Pp2 1.9
(No Heatsink) -
Power Dissipation-2 AP p 30
A
(Infinite Heatsink) e
Operating Junction Temperature Tj -40 ~150
Storage Temperature Tsig -55 ~150 v
Maximum Junction Tamperature Tj(max) 150 T
0.5.19 Revision No : | KEeLC 1120
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-

KIA7805AP
ELECTRICAL CHARACTERISTICS (VIN=10V, louT=500mA, 0T §Tj S12500)
F TEST
| CHARACTERISTIC SYMBOL CIRCUIT TEST CONDITION MIN. | TYP. | MAX. | UNIT
Output Voltage Vour Fig.1 | Tj=25T, Igyr=100mA 48 5.0 52 v
TOV=EVpy =25V - 3 100
Input Regulation Reg line Fig. | T=25T mV
8.0V=Vmy=12v - 1 50
SmA §|OUT =1.5A - 15 100
Load Regulation Regload | Fig. 1| Tj=25T mV
250mA =gy =750mA - 5 50
Qutput Voltage Vour Fig. 1 | 7.0V =Vy =20V 4.75 - 5.25 Vv
Quiescent Current Ig Fig.1 |/ T=257C, Igyr=SmA : 42 8.0 mA
Quiescent Current Change dig Fig. 1 TOV Vg 225V - % 1.3 mA
Output Noise Voltage VNOo Fig. 2 Ta=25T, 10Hz =f< 100kHz - 50 - #Vrms
Ripple Rejection Ratio RR Fig. 3" | f~120Hz, 8.0V =V =18V, 62 78 - dB
Dropout Voltage Vh Fig. 1 1 Ioyr=1.0A, T=25C - 2.0 - v
Short Circuit Current Limit Igc Fig. 1 Tj=25 L 3 1.6 - A
Average Temperature C Fig 1 I =SmA, 0T <T: <1257 0.6 vIT
1g. ) =1r=1< e =U. - A
Coefficient of Output Voltage Yo g gur= J o

10, 5.19 Revision No : 1 KEE 3/20
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TEST CIRCUIT

Fig. 1 Standard Test Circuit & Application Circuit

Vino ‘ OVour

3 KIA78xx ‘]' lout

= = :

7 2. imd L

P =} i -4

I
77 7 7
Fig. 2 Vyo Test Circuit Nire sy

it i [ ]|noise
it i FILTER METRS
i eecd 10H~ s

v, ==
P! (&) 1 100kHz I

il

0.1uF
<

O
&
S

Fig. 3 Ripple Rejection Test Circuit

ej=1Vp-p 1
S0 | ;-— OSCILLOSCOPE
‘ €0

|——A- RR=20 log ;‘—é (dB)

KIA78xx

0.5. 19 Revision No : | KEE 14/20
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Fig. 4 Ig - T, Fig. 5 Vour - Tj
6 { i . (
2 et A5 il e
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£ | -
g | 3
= | g
< | | KIAT805 2 : ; | KIATS80S
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=} — T s ! “H“ R o :
é \\"4 m 10 ~ || oy
> 60 —— Ty iR N4t & WS |—% —+ 1
=] ‘\\\\ l Pl KIATR05
3 o ‘ . u S £ ! } '
i | 1 |
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AMBIENT TEMPERATURE Ta (*C)

192
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LM1117-N/LM11171 800mA Low-Dropout Linear Regulator
Check for Samples: LM1117-N, LM11171
FEATURES DESCRIPTION

* Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and
Adjustable Versions

* Space Saving SOT-223 and WSON Packages
* Current Limiting and Thermal Protection
* Output Current 800mA
* Line Regulation 0.2% (Max)
» Load Regulation 0.4% (Max)
* Temperature Range
= LM1117-N: 0°C to 125°C
= LM11171: -40°C to 125°C

APPLICATIONS

* 2.85V Model for SCSI-2 Active Termination

* Post Regulator for Switching DC/DC Converter
* High Efficiency Linear Regulators

» Battery Charger

* Battery Powered Instrumentation

TYPICAL APPLICATION
Active Terminator for SCSI-2 Bus

The LM1117-N is a series of low dropout voltage
regulators with a dropout of 1.2V at 800mA of load
current. It has the same pin-out as Texas
Instruments' industry standard LM317.

The LM1117-N is available in an adjustable version,
which can set the output voltage from 1.25V to 13.8V
with only two external resistors. In addition, it is also
available in five fixed voltages, 1.8V, 2.5V, 2.85V,
3.3V, and 5V.

The LM1117-N offers current limiting and thermal
shutdown. Its circuit includes a zener trimmed
bandgap reference to assure output voltage accuracy
to within £+1%.

The LM1117-N series is available in WSON, PFM,
S0T-223, TO-220, and TO-263 DDPAK packages. A
minimum of 10uF tantalum capacitor is required at
the output to improve the transient response and
stability.

] Hﬂﬂ.”

1100

IN

-[ 4.75V T0

LM1117=2.85
ouT

11040

vy

18 10 27
LINES

Lo 1L
AN

GND
10 uF I

22uf ¢ 1100

¢
\
1

1
=4

LMI117-XX

T‘V‘N VOUTLT
GND
10 urF* 10 uF

Tantalum I

T Tantalum

—

* Required if the regulator is located far from the power supply filter.

Figure 1. Fixed Output Regulator

A

All trademarks are the property of their respective owners.

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information s current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments  standard wmanl". Production processing does not
necassarily include testing of all parameters.

Copyright © 20002013, Texas Instruments Incorporated
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Block Diagram

& . - —QVm

‘ ‘
Thermal
Limit

1»—|[||||J

l O Your

W\ & __[

Substrate
$
p — — — S—AAA—O GND (FIXED OUTRUT)
b === = =0 ADJ. (ADJUSTABLE OUTPUT)
Connection Diagrams
1 inpPUT
g "[ [ outeut
ouT
] ADJ/GND
Figure 2. SOT-223 Top View
Vout INPUT
O [ agmte— eour
[ —t——— [kDy /eNil
Figure 3. TO-220 Top View
E Input
Tab is
Mg : Qutput
17 agj/enp
Figure 4. PFM Top View
=1
TAB IS
Vour = T
o [ ADJ/GND
Figure 5. DDPAK/TO-263 Top View
2 Submit Documentation Feedback Copyright © 20002013, Texas Instruments Incorporated
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Figure 6. DDPAK/ITO-263 Side View

ADJGNDY {717} {8} | NOT CONNECTED
vin| 2] {73 | vour
Vour
ViN £ Vour
Vin Vour

When using the WSON package
Pins 2, 3 & 4 must be connected together and
Pins 5, 8 & 7 must be connected together

Figure 7. WSON Top View

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
m during storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS (@

Maximum Input Voltage (Vi to GND) 20V

Power Dissipation ) | Internally Limited

Junction Temperature (T,)® : 150°C

Storage Temperature Range / : -65°C to 150°C

T TO-220 (T) Package 260°C, 10 sec
SOT-223 (IMP) Package 260°C, 4 sec

ESD Tolerance ' 2000V

(1) Absolute Maximum Ratings indicate limits bayond which damage to the device may oceur. Operating Ratings indicate conditions for
which the device is intended to be functional, but specific performance is not ensured. For ensured specifications and the test
conditions, see the Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/Distributors for availability and
specifications.

(3) The maximum power dissipation is a function of T Jmax) + 8Ja, @nd Ta. The maximum allowable power digsipation at any ambient
temperature is Pp = (T jmax~Ta)8,a- All numbers apply for packages soldered directly into a PC board.

(4) For testing purposes, ESD was applied using human body model, 1.5kQ in series with 100pF.

OPERATING RATINGS"

Input Voltage (V to GND) 15V

LM1117-N 0°C to 125°C
LM11171 =40°C to 125°C

Junction Temperature Range (T ;)@

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is intended to be functional, but specific performance is not ensured. For ensured specifications and the test
conditions, see the Electrical Characteristics.

(2) The maximum power dissipation is a function of T Jimax) » 84, @nd Tp. The maximum allowable power dissipation at any ambient
temperature is Pp = (T jmax~Ta)8,a. All numbers apply for packages soldered directly into a PC board.

Copyright © 2000-2013, Texas Instruments Incorporated Submit Documentation Feedback 3
Product Folder Links: LM1117-N LM1117!
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LM1117-N ELECTRICAL CHARACTERISTICS

Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire
junction temperature range for operation, 0°C to 125°C.

Symbol Parameter Conditions Min( Typ® Max (" Units
VRer Reference Voltage LM1117-N-ADJ
lout = 10mA, Vin-Vour = 2V, T, = 25°C 1.238 1.250 1.262 v
10mA s loyr S 800mA, 1.4V S Vip-Vour < 1.225 1.250 1.270 v
10V
Vour | Output Voltage LM1117-N-1.8
lout = 10mA, Vi = 3.8V, T, = 25°C 1.782 1.800 1.818 v
0= loyt S 800mMA, 3.2V S Vi S 10V 1.746 1.800 1.854 v
LM1117-N-2.5
loyt = 10mA, Vi = 4.5V, Ty=25°C 2475 2.500 2525 v
0°S loyr < 800mA, 3.9V S Viy S 10V 2.450 2.500 2.550 v
LM1117-N-2.85
lour = 10mMA, Vjy = 4.85V, T; = 25°C 2.820 2.850 2.880 v
0= loyrs 800mA, 4.25V < Vyy < 10V 2.790 2.850 2.910 v
0.5 loyr < 500mA, Viy = 4.10V 2.790 2.850 2.910 v
LM1117-N-3.3
lour=10mA; Vi = 5V. T, = 25°C 3.267 3.300 3.333 v
0 5 loyt < 800mA, 4.75Vs Viy s 10V 3.235 3.300 3.365 v
LM1117-N-5.0
lour = 10MA, Vg, = 7V, Ty = 25°C 4.950 5.000 5.050 v
0'S loyr < 800mA, 6.5V < V)y = 12V 4.900 5.000 5.100 v
AVoyr | Line Regulation® LM1117-N-AD.J
lout = 10MA, 1.5V £ ViyVour s 13.75V 0.035 0.2 %
LM1117-N-1.8 1 6 mV
logr = 0mA, 3.2V.s V< 10V
LM1117-N-2.5 1 6 mvV
lout = OMA, 3.9V < Vi < 10V
LM1117-N-2.85
lout = OMA, 4.25V sV 5 10V 1 6 mv
LM1117-N-3.3
lour = 0mA, 4.75V s Vin = 15V | 6 mV
LM1117-N-5.0
lour = OmA, 6.5V SV,y S 15V 1 10 mV
AVoyr | Load Regulation® LM1117-N-ADJ
Vin-Vour =3V, 10 5 lgy7 < 800mA 0.2 0.4 %
LM1117-N-1.8 1 10 mv
Vi = 3.2V, 0 S Iyt < 800mA
LM1117-N-2.5 1 10 mV
Vin = 3.9V, 0 = fpyy S 800mA
LM1117-N-2.85
Vin = 4.25V, 0'S lgy7 $'800mA 1 10 mV
LM1117-N-3.3
Vin = 4.75V, 0 S lgyr S 800mA 1 10 mvV
LM1117-N-5.0
Vin = 6.5V, 0 5 lgyr < 800mA 1 15 mv
ViV our | Dropout Voltage lout = 100mA 1.10 1.20 Vv
lout = 500mA 1.15 1.25 v
lout = 800mA 1.20 1.30 v

(1) All limits are ensured by testing or statistical analysis.

(2) Typical Values represent the most likely parametric normal.

(3) Load and line regulation are measured at constant junction room temperature.

(4) The dropout voltage is the input/output differential at which the circuit ceases to regulate against further reduction in input voitage. It is
measured when the output voltage has dropped 100mV from the nominal value obtained at Vi = Vout +1.5V.

Copyright © 20002013, Texas Instruments Incorporated
Product Folder Links: LM1117-N LM1117/
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LM1117-N ELECTRICAL CHARACTERISTICS (continued)

Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire

junction temperature range for operation, 0°C to 125°C.

Symbol Parameter Conditions Min(" Typ®@ Max ") Units
Ionait Current Limit Vin-Vour = 5V, T, = 25°C 800 1200 1500 mA
Minimum Load LM1117-N-ADJ
Current® Vi = 15V 1.7 5 mA
Quiescent Current LM1117-N-1.8 5 10 mA
Vin S 15V
LM1117-N-2.5 5 10 mA
Viy S 15V
LM1117-N-2.85
Vin < 10V 5 10 mA
LM1117-N-3.3
Vins 15V 5 10 mA
LM1117-N-5.0
Vin s 15V 5 10 mA
Thermal Regulation Ta = 25°C, 30ms Pulse / 0.01 0.1 %/W
Ripple Regulation frippLe =1 20Hz, Vin-Vour = 3V Vrppie = 60 75 dB
Weh
Adjust Pin Current 60 120 HA
Adjust Pin Current 10 s lgyr= 800mA,
Change 1.4V S Viu-Vour < 10V 02 5 pA
Temperature Stability 0.5 %
Long Term Stability Ta = 125°C, 1000Hrs 03 %
RMS Output Noise (% of Vout), 10HZ < f <10kHz 0.003 %
Thermal Resistance 3-Lead SOT-223 15.0 °CW
dunction-i%-Gase 3-Lead TO-220 3.0 “CIW
3-Lead TO-263 10 *C/W
Thermal Resistance 3-Lead SOT-223 (No heat sink) 136 *CIW
Junction-to-Ambient " P
(No air flow) 3-Lead TO-220 (No heat sink) 79 C/W
3-Lead TO-263® (No heat sink) 92 °C/IW
3-Lead PFM 55 *C/IW
8-Lead WSON( 40 *CIW

(5) The minimum output current required to maintain reguiation.
(6) Minimum pad size of 0.038in?
(7) Thermal Performance for the WSON was obtained using JESD51-7 board with six vias and an ambient temperature of 22°C. For

information about improved thermal performance and power dissipation for the WSON, refer to Application Note AN-1187 (SNOA401).

LM11171 ELECTRICAL CHARACTERISTICS

Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire
junction temperature range for operation, =40°C to 125°C.

Symbol Parameter Conditions Min" Typ@ Max (1) Units
Vrer Reference Voltage LM11171-ADJ
1= 10mA, Vin-Vour = 2V, T; = 25°C 1.238 1.250 1.262 \'4
10mA < gyt < 800mA, 1.4V s Viy-Voutr S 1.200 1.250 1.290 Vv
10V
Vout Output Voltage LM11171-3.3
lour = 10mA, Vi = 5V, T, = 25°C 3.267 3.300 3.333 v
05 lgyr = B00mA, 4.75V s Vy < 10V 3.168 3.300 3.432 Vv
LM11171-5.0
lour = 10mA, Viy =7V, Ty = 25°C 4.950 5.000 5.050 \')
0 < loyr s 800mA, 6.5V s Vi < 12V 4.800 5.000 5.200 v
(1) All limits are ensured by testing or statistical analysis.
(2) Typical Values represent the most likely parametric normal.
Copyright © 20002013, Texas Instrumenits Incorporated Submit Documentation Feedback <
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LM11171 ELECTRICAL CHARACTERISTICS (continued)

Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire
junction temperature range for operation, ~40°C to 125°C.

X Tad”

INSTR

UMENTS

Symbol Parameter Conditions Min(" Typ®@ Max (! Units
AVoyr | Line Regulation® LM11171-ADJ
loyt = 10mA, 1.5V s Vin-Vour s 13.75V 0.035 0.3 %
LM11171-3.3
lout = OMA, 4.75V s V) s 15V 1 10 mV
LM11171-5.0
lour = OmA, 6.5V = Vs 15V 1 15 mV
AVoyr | Load Regulation® LM11171-ADJ
VIN—VOUT =3V,10s IOUT < 800mA 0.2 0.5 %
LM11171-3.3
Viy =4.75V,0 < loyt < 800mA 1 15 mV
LM11171-5.0
Vin = 6.5V, 0 s gyt s 800mA 1 20 mV
Vin-V out | Dropout Voltage ) lout = 100mA 1.10 1.30 Vv
lout = 500mA 1.16 1.35 "
loyt = 800mMA 1.20 1.40 v
'LN!T Current Limit ViNfVOUT =5V, TJ =25°C 800 1200 1500 mA
Minimum Load LM11171-ADJ
Current Vin =15V 1.7 5 mA
Quiescent Current LM11171-3.3
Vin s 15V 5 15 mA
LM11175.0
Vi S 15V 5 15 mA
Thermal Regulation Ta = 25°C, 30ms Pulse 0.01 0.1 Y%l/W
Ripple Regulation frippe =1 20Hz, Vin-Vour = 3V VeippLe = 60 75 dB
1Vep
Adjust Pin Current 60 120 HA
Adjust Pin Current 10 = loprs 800mA,
Change 1.4V 5 Vin-Vout = 10V 0.2 10 HA
Temperature Stability 0.5 %
Long Term Stability Ta = 125°C, 1000Hrs 03 %
RMS Output Noise (% of Vour), 10HZ s f s10kHz 0.003 %
Thermal Resistance 3-Lead SOT-223 15.0 ‘C/IW
shinotion-k-Case 3-Lead TO-263 10 °CIW
Thermal Resistance 3-Lead SOT-223 (No heat sink) 136 ‘CIW
Junction-to-Ambient 5 i1 (B) B
No air flow) 3-Lead TO-263 (No heat sink) 92 C/W
8-Lead WSON) 40 *C/W

(3)
@)

(5)
(6)
)

Load and line regulation are measured at constant junction room temperature.

The dropout voltage is the input/output differential at which the circuit ceases to regulate against further reduction in input voltage. It is
measured when the output voltage has dropped 100mV from the nominal value obtained at Vi = Voyr +1.5V.

The minimum output current required to maintain regulation.
Minimum pad size of 0.038in?
Thermal Performance for the WSON was obtained using JESD51-7 board with six vias and an ambient temperature of 22°C. For

information about improved thermal performance and power dissipation for the WSON, refer to Application Note AN-1187 (SNOA401).
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INSTRUMENTS LM1117'N, LM111"
www.ti.com SNOS41?‘!4—FEBRUARY 2000~ REVISED MARCH 2013
TYPICAL PERFORMANCE CHARACTERISTICS
5 Dropout Voitage (Viy-V our) Short-Circuit Current
b l iy T, = 125%¢
1.2 T, = 259 e —d
<t
o - | T < S0 T, = 25°C
2 L~ T, =125% 2
2 08 3 08
o -
> .
< 06 g 08
g S
S 04 "E‘ 0.4
»
0.2 0.2
0 0
0 200 400 600 800 0 5 10 15
Output Current (ma) Input,/Output Differential (V)
Figure 8. Figure 9.
. Load Regulation » LM1117-N-ADJ Ripple Rejection
I 1 T
Al gap = 800.mA L Yin = Vour = 3V
® =05 80 i
» . -
i = .10
S -0.1 s Yin = Your = Vprorour \
% =60 N\
$ -0.15 £ N
a N - 50 T
® \\__ £ VeippLe =3 Vop VRiPPLE
g -0.2 S 2 40 i <0.5Vpp
3 % \\‘-— -% 30 i ¢ _% I
-g-_ ; ‘ \\ o 20 CADJ = 200 ,UF AT £ < 60 HZ___
3 -03 1o OaBy = 25 AF AT £ > 60 b
logft | $70.5A ” l" Jm
ouT :

=50-28 B0 425 '=5pW 75 ¥op W25 10 100 1k 10k 100k
Temperature (°C) Frequency (Hz)
Figure 10. Figure 11.
Lg(‘)lﬂ?-N-ADJ Ripple Rejection vs. Current 4 Temperature Stability
frippLe = 120H2, Vrippyg S 3 Vp
80 1.5
—-ﬁ-‘ E .
. 70 — s
m F"'__'_—-—-.. 1
. o
s 50 L'RippLe = 20KHZ, Vgippyp = 0.5 Vp 5 %
g 5 0 o
i o »
& 40 2
S -05
i >
o 30 -
& 20} Vour = 5V & -1
- -]
10| Caoy = 25 uF e
CQUT = 25 y.F
0 4 .
0 200 400 600 800 =50 =25 0 25 50 75 100 125 150
loap (mA) Temperature (°C)
Figure 12. Figure 13.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

¢ T 201
INSTRUMENTS

www.ti.com

i Adjust Pin Current Lgn;ﬂv-n-z.as Load Transient Response
= Gy = 10aF | |
2 — 0.2 - coyr = 10 4F Tantalum
< 80 g2 Viy = 4.25V |
3 70 2 g 0.1 ™ Preload = 0.1A
s 60 2200
(= - -
3 50 bet” S S0
c
a 40 -0.2
.5‘ 30 e D‘SFH L
= 20 2
10 =X 0
Re)
0 R - -
-30-25 Q0 25 50 75 100 125150 0 10 20 30 40 50 60 70 80 90 100
Temperature (°C) TIME (us)
Figure 14. Figure 15.
16%1117«-5.0 Load Transient Response 17.M51117-N-2.85 Line Transient Response
Z .2
Gy = 10u8” 4 | | L Gy = 1wk ] | ]
® . 0.2FCyyy = 10 uF Tantalum 2 6.25 Couyr = 10 pF Tantalum
g > - = lour = 0.1A
2 < Vin = 6.5V 3% 8 ouT
S £ 01 proioad = 0.14 == 5.25
- = 2
5.8 0 & 475
£z T VAL T
S 2ot 4 A"
% =
-0.2 . 2E 3
- -~ >l g
ke -4 (=}
E 0.5 2\% 0
3% o 2& -2
o
& -05 40
0 10 20 30 40 50 60 70.80 90 100 0 20 40 60 80 100120 140 160 180 200
TIME (s) TIME {us)
Figure 16. Figure 17.
LM1117-N-5.0 Line Transient Response
9.50
" Gy=d uf_of )
g’ 8.50 COUT = 10 uF Tentalum
a2 loup- =0: T4
O~
> > 750
2 650
NG o
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Figure 18.
8 Submit Documentation Feedback Copyright © 20002013, Texas Instruments Incorporated

Product Folder Links: LM1117-N LM1117]



AT s

; : : 0 : & .‘_-' 3 : . w._rr._- ; '- : = _‘ ;'."- v A I o A ~'°' .':v, " = . A : : g
- eamsidluenaisiaou idmums IFoumensanyminiiy ioyanalhiThildlss Tesidwesd

v
7 =LY,

'dg;yq

e s e S e Sl = B Rl By e g e ig ST LR A ) St R e ey
Wansailan e Banai i Iddanlauiion uazdesdrd e senaayansslimmihlly




4N25, 4N26, 4N27, 4N28

Vishay Semiconductors

Optocoupler, Phototransistor Output, with Base Connection

A [T 6B
CIZ} [5]c

\

Ne [3] (4 ]E
\
AR \ \ cAys S5
DESCRIPTION

The 4N25 family is an industry standard single channel
phototransistor coupler. This family includes the 4N25,
4N26, 4N27, 4N28. Each optocoupler consists of gallium
arsenide infrared LED and a silicon NPN phototransistor.

FEATURES

* [solation test voltage 5000 Vgms

* Interfaces with common logic families

* Input-output coupling capacitance < 0.5 pF
* Industry standard dual-in-line 6 pin package

¢ Compliant to RoHS directive 2002/95/EC and
in accordance to WEEE 2002/96/EC

APPLICATIONS

* AC mains detection

* Reed relay driving

» Switch mode power supply feedback
* Telephone ring detection

* Logic ground isolation

203

VISHAY.

Pb-frea

RoHS

COMPLIANT

= Logic coupling with high frequency noise rejection

AGENCY APPROVALS

* UL1577, file no. E52744

» BSI: EN 60065:2002, EN 60950:2000

* FIMKO: EN 60950, EN 60065, EN 60335

ORDER INFORMATION :
PART REMARKS
4N25 CTR >20 %, DIP-6
4N26 CTR > 20 %, DIP-6
4N27 CTR > 10 %, DIP-6
4N28 CTR > 10 %, DIP-6

ABSOLUTE MAXIMUM RATINGS (V)

PARAMETER l TEST CONDITION SYMBOL VALUE UNIT
INPUT :
Reverse voltage Vi 5 Vv
Forward current Ie 60 mA
Surge current t<10ps Irsm 3 A
Power dissipation Paiss 100 mwW
OUTPUT
Collector emitter breakdown voltage Veeo 70 \
Emitter base breakdown voltage Veso 7 ')
Ic 50 mA
Collector current g o 100 e
Power dissipation Pies 150 mw
www.vishay.com For technical questions, contact: optocoupleranswers@vishay.com Document Number: 83725
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4N25, 4N26, 4N27, 4N28

Optocoupler, Phototransistor Output, Vishay Semiconductors
with Base Connection

ABSOLUTE MAXIMUM RATINGS (1)

PARAMETER l TEST CONDITION SYMBOL VALUE UNIT

COUPLER

Isolation test voltage Viso 5000 Vams

Creepage distance =0 mm

Clearance distance 27 mm

z.;::l;tn)?: thickness between emitter and 504 ot

Comparative tracking index DIN IEC 112/VDE 0303, part 1 175

Isolation resistance b b L R Rio Lo =
Vio = 500V, Tamp = 100 °C Rio 1M Q

Storage temperature Tetg -55t0 + 125 °C

Operating temperature Tarb -55t0 + 100 °C

Junction temperature Ti 125 °C

max.10 s dip soldering:
Soldering temperature @ distance to seating plane Teia 260 °C
=1.5mm

Notes

M Tamb = 25 °C, unless otherwise specified.
Stresses in excess of the absolute maximum ratings can cause permanent damage to the device. Functional operation of the device is not
implied at these or any other conditions in excess of those given in the operational sections of this document. Exposure to absolute
maximum ratings for extended periods of the time can adversely affect reliability.

@ Refer to reflow profile for soldering conditions for surface mounted devices (SMD). Refer to wave profile for soldering condditions for through
hole devices (DIP).

ELECTRICAL CHARACTERISTICS [V : {; : |
PARAMETER | TESTCONDITION | PART [SYMBOL | MIN. | TYP. | MAX | UNIT
INPUT - A : -~ B
Forward voltage @ I = 50 mA Ve 1.3 1.5 Vv
Reverse current @ VeR=3V Ir 0.1 100 WA
Capacitance Vg =0V Co 25 pF
Collector base breakdown voltage @) lg = 100 pA BVeno 70 v
Collector emitter breakdown voltage lo=1mA BVceo 30 Vv
Emitter collector breakdown voltage (2 I = 100 pA £ BVeco 7 v
4N25 S 50 nA
leeoldark) @ Voe = 10V, (base open) [— = : = -
4N28 10 100 nA
lcgoldark) @ (e‘gfi%;r?p}m 2 20 nA
Collector emitter capacitance Vee=0 Cce 6 pF
COUPLER
Isolation test voltage @ Peak, 60 Hz Vio 5000 v
Saturation voltage, collector emitter Ice =2 mA, Ig = 50 mA VeE(sat) 0.5 Vv
Resistance, input output @ Vip = 500 V Rio 100 GQ
Capacitance, input output f=1MHz Cio 0.6 pF

Notes

) Tame = 25 °C, unless otherwise specified.
Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the result of engineering
evaluation. Typical values are for information only and are not part of the testing requirements.

@ JEDEC registered values are 2500 V, 1500 V, 1500 V, and 500 V for the 4N25, 4N286, 4N27, and 4N28 respectively.

Document Number: 83725

For technical questions, contact: optocoupleranswers@vishay.com
Rev. 1.8, 07-Jan-10
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4N25, 4N26, 4N27, 4N28

Vishay Semiconductors Optocoupler, Phototransistor Output,
with Base Connection

s
VISHAY.

CURRENT TRANSFER RATIO (1)

PARAMETER TEST CONDITION PART SYMBOL MIN. TYP. MAX. UNIT
4N25 CTRoc 20 50 %
4N26 CTRpc 20 50 %

current transfer rati Vee=10V, I =10 mA

e ey o 3 aN27 CTRoc 10 30 %
4N28 CTRpc 10 30 %

Note
() Indicates JEDEC registered values.

SWITCHING CHARACTERISTICS

PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT

Rise and fall times Vee =10V, lg= 10mA, R =100 Q t, t 2 s

TYPICAL CHARACTERISTICS
Tamb = 25 °C, unless otherwise specified
14 1.5 u
! L Nomalized to: [
= 13 . E Vi = 10V, I, =10 mA, T, =25 °C
= T.=ffj./ 2 F CT R Ve =04V |
& 12 — AN |
% ek T, =28 °C x '§ 1‘°.T Y
> S 'ﬁ T ©
% of / E i
s 2 osf
L 09 e v, I t
| s Eo F == NCTR(SAT)
08 g —o=| NCTR
0.7 ek k bl PORE PRI PR TS TS 0.0 sl kb L8020 T
0.1 1 10 100 0.1 1 10 100
4n25_01 I. - Forward Current (mA) i4n25_03 1. - LED Current (mA)
Fig. 1 - Forward Voltage vs. Forward Current Fig. 8 - Normalized Non-Saturated and Saturated CTR vs.
LED Current
15 - - 1.5 T
Normalized to: Nomnalized to: !
P Vee =10V, | =10 mA, T, = 25 °G o« V_ =10V, =10mA, T, =25°C
5 CTH(‘.E:m; =04V 5 1 CTRC[-_(:-:I Vc& =04V I /
o -
8 10 . g 10
E: T,=25°C s T,=70°C
£ £
2 2
> S ' 05
E =k Y
2 —{— | NCTR(SAT) Q —0—| NCTR(SAT)
—o—| NCTR [ s
0.0 0.0 AT PIEPREE T N
0 1 10 100 0.1 1 10 100
i4n25_02 I. - LED Current (mA) 14n25_04 I. - LED Current (mA)
Fig. 2 - Normalized Non-Saturated and Saturated CTR vs. Fig. 4 - Normalized Non-Saturated and Saturated CTR vs.
LED Current LED Current
www.vishay.com For technical questions, contact: optocoupleranswers@vishay.com Document Number: 83725

134 Rev. 1.8, 07-Jan-10



206

4N25, 4N26, 4N27, 4N28

Optocoupler, Phototransistor Output, Vishay Semiconductors
with Base Connection

1.5 1.5
| Normalized to: ' Nomalized ;0: [
o 'VCt=‘0V'Ir=10mA‘TA=25°C I‘a vw=9.3V,IF=10mA.TA=25°C
- t CTR, V,.=04V -
o | CE(saf} " CE ] / U
B 10 3 10 ——
o - % N
S TA =85°C © /\"
£ £
o o
? 0.5 " 0.5 /
x N £ 25°C /, V
o =0 | NCTR(SAT) & 50 °¢ 23
=z —C | NCTR g 70 °C
0.0 TR RTTT] B S AW T IT PO AT 0.0 o (SR S o L T T
0.1 1 10 100 0.1 1 10 100
n25_05 |F - LED Current (mA) 4n2s o8 |F ~LED Current (mA)
Fig. 5 - Normalized Non-Saturated and Saturated CTR vs. Fig. 8 - Normalized CTRcb vs. LED Current and Temperature
LED Current
35 10 T
— - - Normalized to:
r = 5 Fu=tomaT,=25C
% " c o B -
= 507 / E
3 2 //é — g_ 3
5 Ve T i
g 15 ; B
2 25°C 85 °C S oy
S 10 £, T “20°C
o 274
0 - 0.01 it bt ol Liiin
0 10 20 30 40 50 60 0.1 1 10 100
i4n25_06 I. - LED Current (mA) i4n25_09 I. - LED Gurrent (mA)
Fig. 6 - Collector Emitter Current vs. Fig. 9 - Normalized Photocurrent vs. I and Temperature
Temperature and LED Current
10° 1.2 == 70 °C
= e
< 10 | = - -m
s E 10 -
2 & —
= ° p——
& 10 8 -20°C
8 //ch‘o" B 08 b
(] 10" e maliz (oM
2 e 2 l,=20 A, V,, =10V,
o 1o Z1__ Typical ; T, =25°C
: e ¥ 06
2 o / %
e - | 10 (
102 i i i i L i 0.4 L 111 ded L LIS L Liill
-20 0 20 40 60 80 100 : 1 10 100 1000
2507 T,__-Ambient Temperature (°C) gazazad lp - Base Current (uA)
Fig. 7 - Collector Emitter Leakage Current vs. Temperature Fig. 10 - Normalized Non-Saturated hgg vs.
Base Current and Temperature
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4N25, 4N26, 4N27, 4N28

Vishay Semiconductors Optocoupler, Phototransistor Output,
with Base Connection

1.5 T
.|':'f Normalized to: Vec=5V
b Ve =10V, 1, =20 pA
® 70°¢.0°C T,=25°C
& 10 f=10kHz R,
& . DF = 50 %
3
N Vo
g
=] e e =10 mA e
-
g L
E 0.0 ld L illl ekl LS Ao LA =
s 10 100 1000 g
4n25_11 I, - Base Current (pA)
Fig. 11 - Normalized hge vs. Base Current and Temperature Fig. 14 - Switching Schematic
1000 T 25
) E 1, =10mA, T, =25 °C =
a [ Ve =50V N =18V -
>
& i z
2 - / 20 ®
E (]
s ? \ ' 5
o =d :
(]
-~ a
g 10 F Ve & E
‘r 3 "Pul i
5 L
r o5
1 ek L L1 1L PRI AT bbb 4 0
0.1 1 10 100
ian25_12 R, - Collector Load Resistor (k)
Fig. 12 - Propagation Delay vs. Collector Load Resistor
Ie
iy
Vo ta =
tpLH -%
V=15V
~ oy ot efe— tr—]
i4n25_13
Fig. 13 - Switching Timing
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Description:
This package contains a divide-Dy-two and a divide-by-five counter.

Mode of operation:
mmmddmm-m“umnm
and one drnde-by-5 counters.

Al fup-fiops have a common reset line controlled by two inputs MA1 and MRZ. When both
MR1 and MR2 are hegh the counters are cleared.
Mmsnmmmwmmmmmcwum

BOQUENCES.
) Counting 1o 10 (BCD): Output QO is connected 1o the Clock 1 input. The input puises are
apphad to the Clock 0 mput and the divided signal is extracied at Q3. The device counts

L] sWncﬂ biquinary dwider 10:1:
Q3 1s connected to Clock 0. Clock 1

is used as the clock inpul. A
symmatncal square-wave with &

1:!"!-
-~
~re
:l-rl

e x :"l‘!

i

m.-m.ustuuus:mm

Application:
Counters and dividers 2:1, 5:1 and 10:1

n-m
Min. guaranteed clock
ﬁmh-ﬁwl Mz

M. guaranieed clock
frequency fip-flops 24 MHz
Supply Current mA

Famiies:

o268
Or e e

®h|ea #
@«

DECADE COUNTER

7450
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‘Vf TExAs
INSTRUMENTS

Data sheet ired from Harris Semiconductor
SCHS043B — Revised July 2003

CMOS Micropower
Phase-Locked Loop

B.CD40488 CMOS Micropower

Phase-Locked Loop {PLL) consists of a low-
power, linear oscillator
(VCO) and two different phase comparators
having a common signal-input amplifier and
a common comgarator input. A 5.2V zener
diode is provided for supply regulation if
necessary.
The CD4046B types are supplied in 16-lead
hermetic dual-indine ceramic packages (F3A
suffix), 16-lead dual-inline plastic packages (E
suffix), 16-lead small-outline packages (NSR
suffix), and 16-ead thin shrink small-outline
packages (PW and PWR suffixes).

VCO Section
The VCO requires one external capacitor C1

and one or two external resistors (R1 or R1

and R2). Resistor R1 and capacitor C1
determine the frequency range of the VCO

and resistor R2 enables the VCO to have a

frequency offset if required. The high input

impedance (10122} of the VCO simplifies
the design of low-pass filters by permitting
the designer a wide choice of resistor-to-
capacitor ratios. In order not to load the
low-pass filter, a source-follower output of
the VCO input voltage is provided at terminal

10 (DEMODULATED OQUTPUT). If this

terminal is used, a load resistor (Rg) of 10

k§2 or more should be connected from this

terminal to Vgg. If unused this terminal

should be left open. The VCO can be con-
nected either directly or through frequency
dividers to the comparator input of the
phase comparators. A full CMOS logic
swing is available at the output of the VCO
and allows direct coupling to CMOS
frequency dividers such as the RCA-CD4024,

CD4018, CD4020, CD4022, CD4029, and

CD4059. One or more CD4018 (Preset-

table Divide-by-N Counter) or CD4029 (Pre-

settable Up/Down Counter), or CD4059A

(Programmable Divide-by-"N* Counter), to-

gether with the CDA4046B (Phase-Locked

Loop) can be used to build a micropower

low-frequency synthesizer. A logic 0 on the

INHIBIT input “enables” the VCO and the

source follower, while a logic 1 “turns off”

both to minimize stand-by power consump-
ion.

MAXIMUM RATINGS, Absofute-Maximum Values:
DC BUPPLY-VOLTAGE RANGE, (Vpp)

Voitages referenced loVgg Tarmined) .............
NPUT VOLTAGE RANGE, ALL INPUTS .............
JC INPUT CURRENT, ANY ONEINPUT .............

*OWER DISSIPATION PER PACKAGE (Pp)

FOrTa =-589C1041009C .............0vve..nn.

JEVICE DISSIPATION PER OUTPUT TRANSISTOR

211

CD4046B Types

Features:
= Very low power consumption:
70 uW (typ.) at VCO f, = 10 kHz, Vpp =5 V
= Operating frequency range up to 1.4 MHz (typ.)
@t Vpp =10 V, Rl = 5 kQ
® Low frequency drift: 0.04%/°C (typ.) at Vpp =
® Choice of two phase comparators:
Exclusive-OR network {1}

Edge-controlled memory network with phase-pulse

output for lock indication (11)

® High VCO linearity: <1% (typ.) at Vpp=10V

® VCO inhibit control for ON-OFF keying
and ultra-low standby power con-
sumption - :

® Source-follower output of VCO control
input (Demod. output)

® Zener diode to assist supply regulation

® Standardized, symmetrical output
characteristics

= 100% tested for quiescent current at 20 V

= 5-V, 10-V, and 15-V parametric ratings

® Meets all requiremeants of JEDEC Tentative
Standard No. 138, “Standard Specifications
for Description of ‘B’ Series CMOS Devices”

......................................... =10mA

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . ..................... 100mW
IPERATING-TEMPERATURE RANGE (TA) - .. ... oeeeenineieanese e eneneans ~859C 10 +128°C
STORAGE TEMPERATURE RANGE (Tgtn) -« - oo onveieiinnnesnransnnnnsssnssessnnns -88°C 1o +150°C
EAD TEMPERATURE (DURING SOLDERING) v

Atdistance 1/16 £ 1/32 inch {1.59 £ 0.79mm) from Case for 108 MAX .. ..............ccevevuns +285°C

3-124

P ey
mses ] %o
ramcels el e
S [ sionaL 1w
0V Voo ovr 14 BT
seanr{s 12 R0 Veg
CIOE O 1 LRI TO vgg
cHn-7 © Wm
vae{® #fveo w
TOP VIEW
SECH - SOTETE
' TERMINAL ASSIGNMENT
Applications:
& FM demodulator and modulator

® Frequency synthesis and multiplication

® Frequency discriminator

® Data synchronization

® Voltage-to-frequency conversion

® Tone decoding

® FSK — Modems

® Signal conditioning

® (See ICAN-6101) “RCA COS/MOS
Phase-Locked Loop — A Versatile
Building Block for
Digital and Analog Applications”

aCy- 1T

The phase-comparator signal input {terminal
14) can be direct-coupled provided the signal
swing is within CMOS  logic levels [logic
“0" €30% (Vpp-Vss), logic 1" > 70%
{VDD~Vss)]. For smaller swings the signal
must be capacitively coupled to the self-
biasing amplifier at the signal input.

Phase comparator | is an exclusive-OR net-
work; it operates analagously to an over-
driven balanced mixer. To maximize the lock
range, the signal- and comparator-input fre-
quencies must have a 50% duty cycle. With
no signal or noise on the signal input, this
phase comparator has an average output
voltage equal to Vpp/2. The low-pass filter
connected to the output of phase comparator

Copyright © 2003, Texas Instruments Incorporated



CD40468 Types

RECOMMENDED OPERATING CONDITIONS at T4 = Full Package-Temperature Range -
For maximum reliability, nominal operating conditions should be selected so that

operation is always within the following ranges:

CHARACTERISTIC LIMITS UNITS
Min. Max, :

Supply-Voltage Range VCO Section:

As Fixed Oscillator 3 18

Phased-Lock-Loop Operation 5 18 v
Supply-Voltage Range Phase Comparator Section:

Comparators 3 18

VCO Operation 5 18

This information is a guide for approximating

within the following ranges: .
5kiI<R1, R2, Rg<1MQ

the values of external components for the C12100pF at Vpn>5V;
CD4046B in a Phase-Locked-Loop system. C1. 50 pF at Vpp=10V
Phase
Characteristics Comperator Deiign Information
Used
VCO WITHOUT OFFSET | VCOWITH OFFSET
: n!-u
e “&‘.: .
-i Iau;
© fumg
VCO Frequency 1 m :
' 3
R ) Tt
VCO INPUT vOLTABE VED MPUT VOLTASE
ECH - 200) ke
2 Same as for No.1
For No Signal Input 1 VCO will adjust to center frequency, 1o
2 VCO will adjust to lowest operating frequency, frmin
2 fp = full W f
Frequency Lock 1 Pt Ll i
Range, 21, 2 1L = max~fmin
2 Same as for No.1
Frequency Capture S “_ {1, i2)
Range. 2 fo Tiomscz =CR 1 [2mf)
2fc ==,
| 4 ny 71
iw A out
Loop Filter
Component ne For 2 fc, see Ref. (2)
Selection sl
92CK - 2w
2 fc =1
Phase Angle Between 3 90° at center frequency (f5) approximating 09
Signal and Comparator and 180 at ends of lack range (2 f1 )
| 2 Always 0° in lock :
Locks On Harmonic of - 3 Yes .
Center Frequency 2 No
Signal Input 1 High
Noise Rejection 2 Low

For further information, see

1} F. Gardner, “Phase-Lock Technigues™ John Wiley and Sons, New York, 1966
2) G. 5. Moschytz, “"Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965,
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I supplies the averaged voltage to the VCO
input, and causes the VCO to oscillate at the
center frequency (fg).

The frequency range of input signals on
which the PLL will lock if it was initially
out of lock is defined as the frequency cap-
ture range {2f.).

The frequency range of input signals on
which the loop will stay locked if it was
initially in lock is defined as the frequency
lock range (2fL). The capture range is < the
lock range.

With phase comparator | the range of fre-
quencies over which the PLL can acquire
lock (capture range) is dependent on the
low-pass-filter characteristics, and can be
made as large as the lock range. Phase-com-
parator | enables a PLL system to remain
in_lock in spite of high amounts of noise
in the input signal.

One characteristic of this type of phase com-
parator is that it may lock onto input fre-
quencies that are close to harmonics of the
VCO center-frequency. A second charac-
teristic is that the phase angle between the
signal and the comparator input varies be-
tween 0° and 180°, and is 90° at the center
frequency. Fig. 2 shows the typical, trian-
gular, phase-to-output response characteristic
of phase-comparator I. Typical waveforms
for a CMOS phe oop employ-
ing phase comparator ! in locked condition
of fg is shown in Fig. 3.

i
AVERASE OUTPUT

g

g Voo/2

; 3

SIGMAL-TO~ COMPARATOR

92C8- 20009

Fig.2 — Phase-comparator | characteristics
at low-pass filter output.

SIGNAL MPUT [TERM. (41 i I 1
VEO OUTPUT (TERM &)+
FoupaRATOR (NPUT = e A

TEMM 3]
el W N
. i
VOO BPUT (TERM. Ble S Sr™
*LOW-PASS FILTER
9209 -2000081

Fig. 3—Typicai waveforms for CMOS phase-locked
loop employing phase comparator in locked
condition of {,.

Phase-comparator 11 is an edge-controlled
digital memory network. It consists of four
flip-flop stages, control gating, and a three-
state output circuit eomprising p- and n-type
drivers having a common output node. When
the p-MOS or n-MOS drivers are ON they
pull the output up to Vpp or down to
Vgs, respectively. This type of phase com-
parator acts only on the positive edges of
the signal and comparator inputs. The duty
cycles of the signal and comparator inputs
are not important since positive transitions




-

of comparator.

CD4046B Types

STATIC ELECTRICAL CHARACTERISTICS

X If the signal-input fre-
cy is higher than the comparator-input

, TNe P-1yPe Output arver is main-

tained ON most of the time, and both the
n and p drivers OFF (3 state) the remainder

is lower than the comparator-input frequen-
cy, the n-type output driver is maintained
ON most of the time, and both the n and
p drivers OFF (3 state) the remainder of
the time. {f the signal- and comparator-

3-126

s 1]
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C) |N |
Vo 7 ViN VDD* ; +25 8
Vi |tv) [v) | 86 |40 | +85 [+128 |Min. | Typ. |Max]
VCO Section :
Output Low 0.4 05| 6 | oea| 081 | 042] 0.38] 0.51 1] -
(Sink) Current | 05 . |010]10 | 16] 18] 1.3] o8] 13] 28] -
IoL Min. 1.5 |ois|1s | 4.2 4| 28] 24| 34| e8] -
Output High 46 | 05| 5 |-064}-061]|-042}036}0851] -1] — |mAl
(Source) 1256 los|s5 | -2]-18] —13F1.15[-16] 32| -
Current, 95 Jorwl|10 | -16] 18] —11]-008f-13] —28] -
‘o Min. 135 [015]157 | 42| -4 | —28] —24|-34| -68] -
Output Voltage: |Term. 4| 05| & 0.05 - 0 |0.08
Low-Level, driving 10,10 | 10 0.05 - 0]0.05
VoL Max. CMOS 101515 0.05 - 0008y
Output (05[] 5 4.95 | 496 5| —
Voltage: e.9. 0,10110 0.85 9.96 10 -
High-Level, Term.3 |0,16 | 15 14.96 1495 15| -
Vou Min.
s - Joas]18 | 20a] 00 | #] ] - kio5|0a
|"‘ Max, § 5 r “A
Total Device ~ 05[] 5 ] . 0.2 — | 01 | 02
Current, ippMax.| —  o,10] 10 1 ~ 105 ] tlma
;'"“;‘_ T I 6 =1 07m] 15
amA=Yo0 " To20( 2% 4 = all 4
i 06| 5 20 R 10{ 20
Term. 14 = Vgg - |o10]10 40 - 20 | 40 |ua
:’:DD' Tem.8 " T"10.15115 80 L 0]
Do —  l0,20]20 160 ' 80 | 160
Qhrt e 04 | 05|65 |oes] 061 | 042] 0.36] 0.51 L M
lgL Min. 1.5 [016]15 | 42 4| 28] 24| 34| e8| -
Output High 46 | 05| 5 |-064|-061 |-042}f038l051] -1| - |mA
(Source) 25 o8 [\ -2l 18] 38| st a2} -
f‘""’:‘n 96 [0,10[{10 |-16] —15| —1.1| 09| -1.3] 28] -
OH "0 135 10,6116 | 4.2] 4| —2.8]-24]| 34| 68| —
DC-Coupled
Signal Input end
]
cccgamiiosend {11 V11 B g 15 = Fom
Low Level 19 - |10 3 - | - 3
V)i Max. 15135] ~ |15 4 | Ry 4lv
High Level 10545} — | & 3.5 38| - -
ViH Min. 1.9 - |10 7 71 — -
1.5.135] — J1s 1 1] - -
control the PLL system utilizing this type of the time. If the signal-input frequency

input trequencies are the same, but the
signal input lags the comparator input in
phase, the n-type output driver is main-
tained ON for a time corresponding to the
if the signal- and com-
parator-input frequencies are the same, but

"~ phase difference.




CD40468 Types

STATIC ELECTRICAL CHARACTERISTICS

u
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C) :‘
TERISTIC : : ) 4
Vo | Vin|V e s
W | | ] ss |40 | ses |+128 Min. Typ. | Max.
Phase Comparstor Section {cont'd)
input Current : :
Iy Max. = | 018[18 | 200 200 | 21| #1]| —|210-5] 0.1 [ua
| (t_:mpl Term 14}
| 3-State Leakage - &
| Current, 018 | 01818 | 201 01 | 402 | 202 | | #10° |01 |ua
\ 'OUT Max,

ELECTRICAL CHARACTEHRISTICS at

" *Limit determined by minimum feasible leakage current measurement for automatic testing.

Ta= 25°C
{charac i LIMITS _
TERISTIC TEST CONDITIONS Vpp | ALLTYPES _luniTs
: (v} | Min] T
VCO Saction '
. f, = 10 kHz Ri=1MR2 | 5 - 70| 140
Operating Power | © ! tigs I
Dissipation, PD ﬂz L .Y VDD 10 V= 800 | 1600} uwW
: : INT 15 - | 3000 |6000
; C1=50 pF 5 03| 06] -
Max 1°9 B
vt Ry = Ry=10kgQ 0 Kiast- ol o
VCOIN=Vpp 18] o8l 18] -
Frequency f,,, . : MHz
C| =50 pF 5 0.5 08 e
L et Ry =5k 10 1 14| -
1 VCO;N=Vpp 15 14 Lo | £
Center Frequency
(fo) and Frequency
F::"g' . Programmable with external components R1, R2, and C1
max™ 'min) See Design Information
VCOIN=25V+0.3V, Ry=10k2| 5 - 1] =
L =s5V+1V, =100kS] 10 - 0S5 | -
Linesrity =5V+25Vv, -=400k§2] 10 — 4] - | «
=7.5V215V, =100kS2] 18 = o5 ==
=75VEV, =1MR | 15 = y o8 S
Temperature -
Frequency 5 - | 2012 | -
Stability: 10 - | 0.04 | —
No Frequency | - 15 -~ R0.015 | —
Offset fyyyy = 0 : %/ C
Frequency 5 - | 009 | -
Offset 10 - | %007 | -
'MlN £0 15 - 12003 | -
Output Duty :
Cycle [p.10,18] — 5 | - | %
Output Transition 5 - 100 |200]
'I‘lmesr 10 - 50 | 100 | ns
'THL tTLH g 40 | 80
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the comparator input lags the signal in phase,
the p-type output driver is maintained ON
for a time corresponding to the phase dif-
ference. Subsequently, the capacitor voltage
of the low-pass filter connected to this phase
comparator is adjusted until the signal and
comparator inputs are equal in both phase
and frequency. At this stable point both p-
and n-type output drivers rernain OFF and
thus the phase comparator output becomes
an open circuit and holds the voltage on the
capacitor of the low-pass filter constant.
Moreover the signal at the “phase pulses’
output is a high leve] which can be used for
indicating a locked condition. Thus, for
phase comparator If, no phase difference
exists between signal and comparator input
over the full VCO frequency range. More-
over, the power dissipation due to the low-
pass filter is reduced when this type of phase
comparator is used because both the p- and
n-type output drivers are OFF for most of
the signal input cycle. It should be noted
that the PLL lock range for this type of phase
comparator is equal to the capture range,
independent of the low-pass filter. With no
signal present at the signal input, the VCO
is adjusted to its lowest frequency for phase
camparator II. Fig.:10 shows typical wave-
forms for 8 CMOS PLL employing phase
comparator Il in a locked condition,

- T AMBIENT TEMPERATURE (T,)*23°C
L[ mio e VCO* Vo /2.2 5, MWIT » gy
e rﬂm!:mm ¥
: T - TO- Ut
£ oL [ [Yoo| &t =
l F v}
2ok =
F Y
g "'5 s Vpg!* B ¥ ——
4 - Bi«100 20
Y
£ h
L -
A LA "
o &4 o ot g o

VCO TIMNG CAPACITOR (Cl)=—=uF  gars- 30347

Fig. 4 — Typical center frequency as a function of
Cland RIat V=6V, 10V, and 15 V.

SUPPLY VOLTASE (Vg 1= OV
- VOO * Vo /2, R*e , INNIRT = Vgg
e
L= 0Kg
Fn >
3 [m-coxa "\q
¥ S
E e iua) e
ok ">
EF Nt
E 10t S
, L
F i ‘3
'_l Y o4 Ll Sl - il Ll e A dd
0-3 o w3 o=t o 1

mvmmmmi-—,r
Fig. 5 — Center frequency as a function of C1 and

e

P2CE- 30883

[ commerciaL cuos IR




215

CD4046B Types

ELECTRICAL CHARACTERISTICS at T, = 25°C F 'f"l" ST TR )3
‘CHARAC- LIMITS ™ —ﬁ\
1
. TERISTIC TEST CONDITIONS Voo ALLTYPES lumiTs ToF N
v) Min.T Typ. | Max. 2-f
VCO Section (cont’d) Sl suPpLY voLTAGE
& [ mee0dia i oachalied |
Source-Follower i R nv
Output (Demodu- 5 - 18 | 25 § LISt eiseni™ sv
lated Output): RS > 10 kQ w | - | 18]28]|v §°F [t e oV
Offset Voltage B | -| 18|28 °F B v
IVCOIN—VDE“ ! : A -IJ;;‘ Al A A '} LAl AL A i ?:
[Fs-100ka veoy-2s:03v | 5 | - | 03 |- W ot e i Bl et
Linearity =300 k2 =526V 10 - 0.7 |- |% Fig. 6 — Typical frequency offset as a function of
=500 k<2 =76¢5v | 15 -1 09 |- v o SV, IR
Zener Diode : : 3
Voltage (V) Iz =50 uA 446 | 55 816 |V e e
Zener Dynamic ‘ o L{‘
Resistance, R, Iz=1mA <\ 484~} C T N,
1 Cal
3 K
Phase Comparator Section S B [[\\ b“:.%
= | R2s 1Ml
Term. 14 (SIGNAL 5 1 2 i g b L w2=100'a - fr;o,_

IN) Input 10 (o2 0a] - |ma £ ok NN

Resistance Rq4 15 0.1 02| = : 5 'k ,*‘b N

AC Coupled N
Signal Input = 5 - 180 | 360 .

Vol!mSensi- le-IUO kHl, ‘ 10 = 330 mn mv 'n-.L L.;r“ A\.;-.: xsulrl; 11;,“- aul i .un
tivity® (peak- sine wave 15 q{ 900 |1800 VEO Thame CAPAGITOR (G0 —pf
to-peak) Fig 7 ~ Frequency offset ss a function of
C1 and A2 for smbient
Propagation Delay stures of —55°C to mjc

Times, Terms. 14 5 = | 225 | 450
to 1: High to 10 - 100 | 200 | ns : :n.u:;.n:gn.\irm-_c

Low Level, tpyy 15 — 65 | 130 -.;é'hu m.: " -

o

Low to High 5 t ~ | 350|700 K

Level, 1tp :g 1 i 8 il H o+ TYPICAL #ax /g
o 100 200 S T R
3-State Propagation 3 i [ Twax T

Delay Times, 5 | - | 225 | 450 o b

Terms. 3 to 13: 10 - 100 | 200 | ns b t
High Level to 15 & 95 | 190 i
High tmpedance, : p

tPHZ ”;‘i‘o.lll‘.l'

Terms. 14 to 13: n2/mi sacs- 204
Low Level to 5 = 285 | 570 Fig. 8 — Typical fyg 0 /fpg py 38 @ function of
High Impedance, 10 - 130 | 260 | ns A2/n1.

tpL7 15. o= 95 {190
—t TEMPERATURE (T4) 28°C
Input Rise or Fall §  ern Gevosr
Times, 1, t See Fig. 5 for Phase Comp. 11 13 2 g 50 1 s =
Comparator output loading B = 1 us £ Sy,
15 - 1~ o3 3 X agg
Input, Term. 3 E" E ""U'uy
Signal Input, 5 = = \ g
Term. 14 10 = 20 (us !lb’?\ \Nb' »-.",
15 = I % E TN 3 e
3 5 |- |00 |200 ; fa
Qutput Transition 10 o 50 100 |ns g 3 '?.'.:
Times, tTHL tTTLH 15 e a0 | 80| 3 ‘
* For sine wave, the frequency must be greater than 10 kHz for Phase Comparator II. W - Ve '- '“' Yas B 4 . ;n'
1P ™ WCR- MONAR
Fig. 9 ~ Typicel VCO power dissipation st canter
fraquency as & function of R1.
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AMBANT TRMPERATURE (T 1+ 25°E]
A T g e
sionaL weut (remw ) | Bk g SRS kY {3
¥CO OUTPUT [TERM 4)+ v 1 L -
FoMeARATOR. NPT = i FEeUL sy SRR e o G
PHASE COMPAR 250 i o
ouTRUT (reAm sl © B i e e o A LU S Eiol iy e
s GUTPUT z 2 ot
VCO INPUT (TERM. 9)= — ik —l——. 00 xa - Y
-;uo':;‘::ss FILTER “Vss f L = '?::
pase puse emm |l " SR R Ves BT 3y
NOTE: DASHED LINE 1S AN OPEN CIRCINT 3: sy 2 02 L —_
COMOITION (39 STATE) SR § E bl
Fig. 10 -Typical waveforms for COS/MOS phase-locked loop Fig. 11 ~ Phase comperator |1 E
employing phase comparator 11 in locked condition. output foading cireuit. L] T ! btk
0 [ 0% w0*
’—ua $ICE-3OB4S
Fig. 12 — Typical VCO power dissipstion at f.m'
as a function of RZ
?' AMBIENT TEMPERATURE (Ty) 29°C J[AMBIENT TEMPERATURE (11+25°C Voo = E
VEO,y *Vop/ 2, RI*RZ+ @ § oo [
gn" i o i za0 2050
- Surey, o'
L oy, T | 2iaf  Vour
; uo':\ %"' é; 7 ] ?Qi’;"b Vag - 10V, VC0 8 VeI V. A2 .-:I
r 2 . . - !
E \‘: gsn. % oureur emcur B e
E .\\ . =l: | 2
= 9 — i o v %
- : - < ' . 3 w0
§ _ \ 52‘: T g o
S - / -
8 F gg E: 4T €150 pF
o g & 100 pF y
A 2 = 1000 pF
A -] A ) S e LA i bl A A O A i Ll
B ENK YLD R Y W 5a‘. __n| e H'n" ee e e, !‘r- . 14 vieti6v) 0"3"‘
] L) 8- L ) : & 10\.—-—2-—-— s
$2¢8- 30380 SGNAL WPUT FREGUENCY (4] — iMs  9I05-30850 o+ » B8] o
Fig. 12 — Typical source follower power Fig. 14 — AC-coupled signal input voltage as a 2l W LINERR(TY -—‘L’-,-'—'n 109 0.01 pF
dissipation as & function of Rs. functian of signal input frequency. gilt, 09 BB ; o e
r a2 4 &9 4 60 4 4n T 4 &8
W 1 © ot 0*
M —0 8- 303e8

Fig. 15 — Typical VCO linearity as a function of
ATand CT at Vpp =10 V.

o | AMSIENT TEMPERATURE (Ty1=28°C
: Yop=!8 V.VEOy= 75218 V, AR+
3 5
o
M
ol
>
i mr €180 oF 100 pF m,.r;
L
-+ = D
3 .‘,.uwim
i Fo—HT8 V) \ 1000 of
N LNEARITY s =R 4 100 0.01 uF
' ‘o o4
4 Lol
L] P R N W | i
T 4 a8 2 4 88 T 4 an T & 88
ot ' 0 [ 0
RI—al $2C3- 30304

Fig. 16 — Typical VCO linesrity as a function of
R1and CT at VDD =J5 V.

92CM-36467
Dimensions and pad layout for CD40468H.

Dimensions in parentheses are in millimeters and
are derived from the basic inch dimensions as -
dicated. Grid graduations are 1n mils (10—2 inch).

3-129
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Te PACKAGE OPTION ADDENDUM
INSTRUMENTS
www.li.com 28-Feb-2005
PACKAGING INFORMATION
Orderable Device Status "' Package Package Pins Package EcoPlan'® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
5962-9466401MEA ACTIVE CDIP J 16 1 None Call TI Level-NC-NC-NC
CD4046BE ACTIVE PDIP N 18 25 Pb-Free CUNIPDAU  Level-NC-NC-NC
(RoHS)

CD4046BF ACTIVE CDIP J 16 1 None call Tl Level-NC-NC-NC
CD4046BF3A ACTIVE CDIP J 16 1 None Call TI Level-NC-NC-NC
CD4046BNSR ACTIVE SO NS 16 2000 Pb-Free CUNIPDAU Level-2-260C-1 YEAR/

(RoHS) Level-1-235C-UNLIM

CD4046BPW ACTIVE  TSSOP PW 16 90 Pb-Free CU NIPDAU  Level-1-250C-UNLIM

(RoHS)
CD4046BPWR ACTIVE  TSSOP PW 16 2000 Pb-Free CUNIPDAU  Level-1-250C-UNLIM
(RoHS)

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

® Eco Plan - May not be currently available - please check hitp:/iwww.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no SbiBr): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total prodtict weight.

® MsL, Peak Temp. — The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. T| bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall Tl's liability arising out of such information exceed the total purchase price of the T1 part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 1
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MITSUBISHI 219
ELECTRIC oo

PHOTOVOLTAIC MODULES

TD Series

Changes for the Better

Just the right fit,

PV-TD
VD
PV-TD
Vi

s H 4. B - ::' m Flexible straight tabs
withong ehab;ht i =Pyt

. models made in Japan

‘

95 —,Aé 195Wp Performance

Higher Cell Efficiency
=4 busbar cell

= Solder coatingless
1 C) OWp mFine grid electrodes
m Optimized tab thickness
Higher Module Output
m Highly reflective backfilm with wide cell pitch
] 85Wp u Cerium-free high-transparency glass
= Tight tolerance +/-3%
m High power in actual use

(Paired module average exceeds nominal value)
SOHAG 1sowp -

Rreliability :
m Static load test of 5400Pa passed with

protection bar =
m Double corrosion resistant frame coating

® Max. system voltage 1000V with
four-layer back film y

®\Water drainage structure

= Low frame edge slope

&

m Highly heat-resistant bypass diode
¢ m Lock mechanism equipped connectors;
: & Conforms with 1IEC 61215 2nd Edition,

~ IEC 61730 S ]
m Lighter weight modules at 17.0kg

TR

d p!apf




SPECIFICATIONS SHEET 220

Manufacturer = 3  MITSUBISHI ELECTRIC

Model name . PV-TD195HA6 | PV-TD190HA6 |  PV-TDI85HA6 |  PV-TD180HA6
Colltype- ..~ - 4 B i Polycrystalline silicon, 156mm x 156mm ey
Number of cells : R T 50 cells in a series _ N
Maximum power rating (Pmax) 195W 190W | 185W 180W
Warranted minimum Pmax A e ﬁ‘f‘ 184.3W | 179.5W 174.6W
Tolerance of maximum power ratmg S +-3% : z
Open circuit voltage (Vo) 30.6V 24 305V 30.3V 30.1V i
Short circuit current () BasA | 2 836A 2L L D SR
Maximum power voltage (Vmp) She . Sdnal aree 25 WS ki)l 24,9V 246y .
Maximum power current (Imp) ol 7.69A ! 7.56A RN 7.32A

Normal operating cell temperature (NOCT) o 1 3T E e

Maximum system voltage T P DC 1000V =T g
B ST RS, = " 154 el LIl
Dimensions e e T AR (65,300 BT B incheelc - - Biee
T e R e _ 17kg(37Ibs) ;e
Ouput vl e DL S i O g
Modieehicersy Al | T34% | _ i30%
iy e O eSO e
Certificates ~ — ~ 7 " 1777 fEC 61215 Second Edition, IEC 61730 3. Pl

DRAWINGS AND DIMENSIONS

B34 328 ugm]
= =1
.
B T A 8
ERHRERIARE L i
ot = e
2 1 | = 18)
. L L0118
o 1 =
% L 111 ye
—_—
e ;L g i < D
- : o
3l g?’ H
=l o 035 s 2
E gl B B - 1
ja 8 & ® | 215 mes w03l 51024)
gt 501.18)
_0
L e ' |
Unit:mm [inch]

(Cell temperature; 25°C)

b2

-
7 g

Rt

HEAD OFFICE: TOKYO BLDG., 2-7-3, MARUNOUCHI, CHIYODA-KU, TOKYO 100-8310, JAPAN
http:/Global.MitsubishiElectric.com/solar

New publication, effective Feb. 2010.



MITSUBISHI Changes for the Better
W ELECTRIC

PHOTOVOLTAIC MODULES

.

MDT Series

PV-M DTZOS* B 205wWp
PV-MDT200HB 200wp
PV-MDT195HB 195wp

A-NEW:. PREMIUM GENERATION

ADVANCED TECHNOLOGY LONG RELIABILITY MITSUBISHI ELECTRIC QUALITY
£ TSNS R T A ) B SRS RN
# 4 busbar monocrystalline cells 8 Qutstanding durability and protection against ® Al of our photovolitaic modules, from the cell to
W Proprietary cell surface texturing process for the elements allows the module to be the module, are made in our own factories in
greater i,gh‘[ absorption installable even in high-saline areas™* Japan
¥ Optimum tab thickness B Passed IEC static load test of 5400Pa ® Highly automated prodgction lines ensure a
# Highly reflective back film with wide cell pitch B Frame has a protective double layer of stable level of high quality for every module
e T L corrosion-resistant coating ® Cells are matched for uniformity before module
8 4-layer protective design junction box assembly
B Highly heat-resistant diode # Each pair of modules is selected to have a higher

average output power than the nominal value.

*Excluding areas in which the module is for a greener tomorrow
directly exposed to salt water

o




SPECIFICATIONS SHEET 222

Manufacturer B ___ MITSUBISHI ELECTRIC

Modelname ~~ ~~~~~~ PV-MDT205HB |  PV-MDT200HB |  PV-MDT195HB
G e e A N R TR T T i e
Numberofeslls =~ I

fedopmante s aIC o 0 o o

___Maximum power rating (Pmax)

___Warranted minimum Pmax
___Tolerance of maximum power rating

___Open circuit voltage (Voc)
- - Shortouit cosent(se) . -

__Maximum power voltage (Vmp)

_Maximum power current (imp)

Normal operating cell temperature (NOCT)
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_Maxmum power rating[Pmax]

___Open circuit voltage [Voc] _
__Short circuit current [Isc]
__Maximum power voltage [Vmp]
Maximum power current [Imp]

Maximum system voitage ¥ BN 3 1000V 3 = B e
Fuse rating g SRR T S S e = S e el e,
T R R RS S " _cam 1658x834x46mm (65 3x32 8x1.81inches) 3 A
Output terminal (+) 800mmi(-) 1250mm with MC connector (PV-KTB4/61I-UR, PV-KST4/611-UR)
e = s 5 .. Cable conforms with TOV Specification 2 PfG 1169082007
Module efficiency £ 4 BN/~  —145% N | 4%
Packing condition V & 4 e — D, 2ol _cdpeslTiaiion WY S 1A
Canicates = g9 1 S IEC 61215 Second Edition, IEC 61730 Lt Fe
GroductWerranty ~ = - Q"N || SN YWeSytas 0 W\ B SRR
Output Warranty 90% of minimum rated Pmax for 10 years
IO RS Y Sy — | J ___80% of minumum rated Pmax for 25 years Aeer s
*Measured at 800 W/m2, ambpient 1emp. 20°C, wind speec 1m/s
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FEASIBILITY STUDY OF THE ROOFTOP SOLAR CELL SYSTEM IN THE AIRPORT
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Abstract

The objectives of this paper are lo study and to
analyze the impacts that can happen if a solar rooflop system
is installed in an airport. The case of this study 15 divided into
three categories. The first category is the glare from the solar
panel. The SGHAT program is used to analyze the effect of
the glare based on Chiang Mai international airport. The
second category is the Electromagnetic Interference (EMI)
impacts from a solar inverter and related equipments. Finally,
the impacts of the solar rooflop system in term of voltage and
frequency is also studied. The proposed measurement devices
to measure the voltage and frequency are developed. The
acquired data from proposed devices will be send to the
database and display on our website by real time to evaluate

the voltage and frequency effects. The knowledge and
recommendation of this study can be used as a reference for

the design of a solar roofiop system in an airport.

Keywords : Rooftop solar cell system in the airport, VFRD,
Glare
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