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2.1 Tl (Electrical)

2.1.1 nyzualvitn (Electric current)
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2.1.2 ussauln#h (Electric Potential)
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2.1.3 ngodlaviu (Ohm 's law)

A 2.2 29asiniinagnade fun (1]
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2.1.4 Iihnszuaadu (Alternating current electricity: AC)
A nseuaadu  wunede  nszuaiidenigdlduazndumnasnszaziian llwilau
nN3zLAnTY (Direct current electricity: DC ) Alwalulufiamafizn Tdlwandy

A ¥
i v W\/\pulsatmg
\ direct
— =
alternating
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winegiieddy nsgydondsauludidudunannuenssudenidass du AR
AUNTUYRIINI ATUgRS Py = °R GavmnepanuindlodslWihdendauadivuaialag &
nsuAanatERL, NMIaRAENEsUITaRaIAY Foiiu fdesnsdavidauiay uild
mIgievoeiian Aeannsziaiidsas urituussduliidu (dnagvaresosilaliad) wse
msildnszuandy viliiiandsugndedesas ogdlsfiny msldusafulniihigadad
Forduiniloudy adusn Aoauauliidesfintuuarediefiansioimulasasiovas
AR Tulsslifwdsonussgnaistuitussiuliiwdauazandufiiuussiudmiv
msds Tndlnanuseduaggnusvanvaslinioslian

2.1.5 Iwfhnszuansd (Direct current electricity: DC)

Tinssuanse Wunszudlwihyszinmais Afirusswasfiendiuasuudandle
naaey assdwiuliinszuaady (ACQ) luednlriiinszuansansgnidonit nasuafan
iin (galvanic current) gunsaifanusandnlifiinszuansald Wy lwaduawe fing Lunmes
vandinUszgliihlnllfuazelaldudaie uazindesiiinliiinnszuanss Tndtnszuanss
annsalvartudailndi wu aeli arsieint awulni wisudnseiuadeuiluniig
gauaneluglresddidnnsouniodilesay



' | Baltery

w

¢ | Half-wave rectification

5}

* | Full-wave rectification

{ics

AT 2.4 wansaulanegseraliinnsewansaualwinnsewaadu un [1]

aunsoldEusenseuavasuliinosenaadulnduliiinszuansadld lned
UszneudidnnsedindnieludiSeansena  aedepulinszualiiiluadwlalufiemaied
wonanideamnsaasuliiinssuansadulniiinssuaasuld lnolddunesines wie
yalaunaines

22 qUnmﬁa&ﬁ'umﬂWﬁ'l (Electrical protection devices)

nslyaresnseualudsasiui dududetardudiutsenauedaedes 3 diu Ao
unassreusedugath (@eluit) wazgUnininiaaldinii oad) Tnedaindvivihiiaaunu
Un-Uannsdnenszualnit . luanngunfdenaaindrionsns szinsvudluihlnansuiees
ilvivaeavigealsalwud Anadie  armnvasangessagusiiovuINiunaIeMasnasl
nszudlvasnduyiilfans il Soungiigdiu Fes 4 fufuatiuresaenaonarats wn
lifigunsaltlestugsasiliAnindslnidnuasduilizsninssualvaiiuissanlnaniiu
Sundnedrvilainlonesvan(Over load) fwnnifthwieanslniivavuiatuunassng
wsssuiilonaaindrorsasagyinli iRanssualvaninnis Asguaundieniinssuaiiy
{1892 ndn2993 (Short  circuit@eaziinssua lna STurunaieivesnszualuannguni
dwaliunasdne wsesudemensentduiavesaintvaouararswanidudunsnadasyuy
I lngsaudadulunsufin Safesiigunsaifiesiu(Protection) Tagnsidaneas(Open
circuit) %39 ANNITVIUA

nsinssgunsaitesfuszuulnihdndudesiinnsnisd q uisesduerd
uasnistunisiden Meunsaifivangaunoussthluldew Fasdnulidlefsnuauda
f199 saudedEnmsindenunscivandldun fad wnieing aindddlu gunsaidesfuns
dmasasiu Sinddesiunsauaiu nesdestulihiiasiu



2.2.1 Wwasinusnnes (Circuit breaker)
wodAmusnined Sundnagranilein 8T (CB.) NEMA (National Electrical Manu-
facturers Association) Tilgnuigasiniusninaddisl gunanifignesniuuinitadouas Un
290vslasluisslusiuazanunsadansastdlaesmlutidonssualuaidu nirdefisuual3lagh
fsiuaslildumnudsnie anflowesiivineesinusninesasiierdesiunsenaiuiy
wdn iasinusnineslussuuluinussdiush (foenin 1,000 Thash) wiseanld 3 Ussuansiedl
1. MCCB. (Molded Case Circuit Breaker)
2. Air Circuit Breaker %138 Power Circuit Breaker
3. Miniature Circuit Breaker
uaryindisisasdundel
2.2.1.1 MCCB. (Molded Case Circuit Breaker)
fie waifnwsnineiivierulafindalag molded Sruruassdudsldivinng
vede dielectric strength ABUTEINsTIVINY molded miiliuauuiuunlngesin
wianesalvaiann phenoticasniusninassiniiiminfingn 2 sgradeviuiiiu
a0t dn-Unfeliowazilinsestagsniu® (donszuafiuiiasanlvantiuniodnieag) e
wasfnusanefilarsasredunniuddududulenvsdounfisumds Trip ?ﬁmagj
Aenanasenine ON-tae OFF (Ensmriiwesanusninesladnlsdsesnannssuuiseues
&) wednaldvihnisudlefelednd (faultesnainsyuy Asganunsolondaunduluseld
nulsidudia §unts reset fennasdiivua OFF fou ansuiadeuly Hwumis ON
Hou Tugwhuvals ON savsInginduduinduan fkumds Trip udasin sngduinane
nsvuaAuiomnnszualvaliu - sxdsammmmuesan zAnunAuasuAlalizeuesTse
ausarumuulusuvdg ON - lansyinuludnyuedainanusenin Quick make w38
Quick break Molded Case Circuit Breaker fisminslutiosmann wiseondu 2 vin Ao
1. Thermal magnetic MCCB. dnvaigsanni 2.5 [Jufagrauun 1 49
uag 2 47 MCCB. wliniiftgunsaldansunsdiameasinin 2 d fe

AA 2.5 Thermal UnitMagnetic MCCB #iun [2]



n. Thermal Unit Tddmiuvansaseenidlonssuaiuiilesninivan
A (over load) 303U iWenszuaiuiiliosnnivanivlvariuusiuluamen (bimeta) azifin
anufauulnvelidangunininieng (mechanical) viliaasiniusANDs Uan199308n
wiofiSuniueesAnusanaiviu (trip)

L WUTMEILNH
S0 l,'

RN -

FriweTus o

&

Taevialunisdsaniaasuss Thermal it 9gldinaununeauans
(Fuegiuiuiunszuauazanuouiingiliuivluumeaianisldae) fafudedanis
dneesifediaunsaldnmmiluiiovanisesesnatesnis

9. Magnetic unit 1¥daniutanivasesnidenssuaiuiiosnin
§n2995 (short circuit) 3naawdt 2.7 DMINAANITANIRIVTONTB LAY UTzanal 8-10 i
%ulﬂlwashu%ﬁﬂﬁﬁmﬁmmuimﬁnuaxL.ﬁmLLﬁ@%uﬁ'm'mwﬁwummmﬁ&qUﬂ'mimana iy

Twesnnusanaslaniaseanls

- ¥
e I W o
S el » &
’?”ﬁ-\?ﬂﬂfm&kmﬁ" ‘ol e "-,"t"’-kﬁ‘_ e f,':’( -
| @y ; by - R &r
l A it i! - g -‘5':‘
ST | Z
A
|
]L e N meaes==
= -4 1 R T )
[ W { !l";'." S .(:; :'-g’[
- - .?‘ A L-..m.-—.
A
rmEl AR RO T

AW 2.7 Magnetic unit i [2]

2. Electronic trip MCC. %30 solid state trip aglya9asBiinnseiind
3Lﬂiwsﬁrﬂ"misLLaLﬁadﬂUama%ﬁ@gU melussiviouuasnsya (Current transformer: CT)
vmifiudasnszua Wilvuiasias Tnedlulasiuswawes (Microprocessor)  viwmiing
Iinsnzvidevasniszuaiinaniiu dmngaiu nivdiidmunlifasddls tipng coil s
gunsaimenatitely wedAnusninesuaniens wesfnsninesuiing axiivuuiumnseua
wazlanlani9as agy UBNANHSESORAG qﬂnsaiﬁﬁauﬂ’iﬂ ammeter & fault
indicator  lagasuansangnsiaUnfivesrsasuaranszua tdndaedegy vilnng
AnTgimanvglunisan ssasvilaegiesans
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2wl 2.8 lapzunsuveanisas Trip A [2]

2.2.1.2 Air Circuit Breaker (ACB)
Tdmsvszuunswsulnhdosnin 1,000 Taavi - diulugesdifidanszia
SEWIN 255A-6,300A waziiAn interrupting capacity (ﬂ'ml,ﬁé”maﬁ]sqaqﬂﬁ CB. daaunsa
Uamaasliegnaaande) et 35 KA - 150 KA davlvgllassadragyininemdn vinlsd
thuiinann Tafeshndalusaadon Air Circuit Breaker drulvaaslfaunsalSidnvseiind (u
FAmseianseuaiodilanians ABC §I 2 Ussuanfie Fixed type uwas Draw out type

o

Az

{Fixed Type) {Draw out Type}

AN 2.9 §nwiug Air Circuit Breaker fiun [2]



2.2.1.3 Miniature Circuit Breaker

Huweihnusninesruadnldindadugunsnidestu asastosluundlnih
go8 (Load center) wiaundlwiihuszsiasingndiy (Consumer unit) Sawiln 1 Pole, 2
Pole, 3 Poleudwasinusninadaind arldannsaususaenle ﬁagﬂimﬁﬁlﬂ% A
Wty 240/415 Vac. Wfanseuagean 100A uardiAinszuadnsasinsous 5KA fla 10KA
Tzl 14daefunsastosvianseens anfiunasEn iy, wiesliueiniauemes
guialn iesnmunssuadaiaslénn Jegtumasinusninesulintlasiu Tuihge (Earth
leakage) fs3U LHuitfennntu esmndmudedeld Uasadusieofld nawde dwn
nszuadluannnin 10 mAsgUamaas melu 0.02 Junit denilfesddiuienedei
dh¥ou eindn ua Suq

A G

4ot mmm——

Al 2.10 Wweshmusrtnessiausuallla wag Earth leakage CB s [2]

2.2.1.4 AMEWINIZIeRwasAalUNINGS

1. Amp trip ¥38 Ampare trip (AT) vuneiis Adansyuavedgosnausnnes
dlvgjazuansliil name plate wiedudulon  Fwmnuviayfurmildifesdusyuly 4
AuAUlEN MSIVUART AT UBILTBIARMUINLNBIMNNINTFIUYBL NEC (1NASFIUNUUTR)
fmuaitanszualifed 15 20 , 25 30,3540, 50, 60+, 70,80, 90, 100, 110, 125
, 150, 175, 200 ,225 , 250+, 300, 350,400 ,450 , 500 , 600, 700, 800, 1,000 , 1,200
, 1,600 , 2,00 , 2,500 , 3,000 ;4,000 5,000 uaz 6,000A slsinugunsaitosiuves
Q’wﬁma'mﬁ]siajmsamuﬁ'ﬁsqﬁmiﬁwummmmaa Amp trip  veuwRIARIUTAINGS  NEC
sl “mmsasiivaniinandaidesuazivanlidoiios auavesgunsoitiosiusioad
rlaitfosminnasiuvadinanlise- et yiufu. 125% veddnansoiioswniugunsaiasiud
Jueiln 100%” (vasdeidesfelvanildnusaidesdunawihiuviainai 3 Halug)
Tngvhlumsvassesveswesinusninesiiey 2 nvwe fio
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n. Standard Circuit breaker 3msgu NEC Amualiin “yimingaifaiuse
ned wiedluldiuTnanseailos avvamasiiifanssuaveagesinusnines”

9. 100% rated circuit breaker snsg1u NEC fmualiin “wnibugesin
wsmnasadeiluldivinansaiiios wwdanisasiffanssuaveamesinusnines”
asUldwsdde - nedlgunsaitiesiuily (standard)

CB. = 1.25(nszualwansioiios) + 1.00 (nszualvanlideie)
- nadlgunsaitioafuiivhanld 100% vosuuindinld (100% rated)
CB. = 1.00 (nszualnansaiiog) + 1.00 (nszualvanliseiio)

2. Amp frame %38 Ampare frame (AF) fla w11n AT gean 7 CB. Tuguifui]
Swheu CB. wuin 125AT/250AF uansih CB. Juilll CB. Ju 250 AT/250AF (Hufifn
nssuageanlnefilwasin lsnineiwaasiy azld molded uazgunsaivsznauiinieafiy
qzuandnetu A Ao NSUSULANANTaINTELE Yanneastmgyhnsvadaunay dweendmvie
TufieA1 Amp frame ALUARIAMIINILANGIE WNSFIU NEMA sgyuun AF sad 50
100, 225,400, 600, 800, 1,000, 1,200, 1,600, 2,000,2,500 ,4,000 L&z 5,000 F

3. Pole visethozuanlivsuin CB. WHuwila 1 wa vl 3 i
- 1 Pole inefswastmnusninedaiviussuu 1 wdalaglgUosnuans lineagnaifen
- 2 Pole nugfuwesfnusninesamiuszuu 1 iwalaaldUesiuay tine wazans meutral
- 3 Pole vunedugasAnUSAIADSAMSY S2uu 3 wia laelatesiuans line pE1aLAw?

- 4 Pole winsiwasinlusninesdnsuszuu 3 wa laeladasnuane line wazane neutral

4. IC vSe interrupting capacity viu1eh9 ﬁwnssuﬁé’mws@aﬁﬂﬁ cB.
annsavamasialaemiuies Tdifeudemey dulngasssymhealuilaveud (ka)
nIENadn99saEnlAnAMASEANI9NG  (mechanical stress) UAZAINAATEANIIAI
You (thermal stress) @adususye fagunsalliosiuuazdld

5. Push to trip fg Yuiilidmiunedevanimnisineunsnaveaesin
wsnined fefiemaldnuuiy 2-3 Jewsrlileadinanneinund ausediiussialamaasls
vuvhaivislilnemlvssnaseulazads

6. Triping curve vnefa . A MuansaRduRusTEnInsEuaiunaIUan
2993 U1 ASaBEnIn 1T curve Unnsaziiainaues Log wnu X uamasiuiuvihueansewa
fiffa @ unu Y wansAnan Tumiie 3wt Triping curve ToagasAnusninesusasious
avqu  eviidnuazuanisiululneaswdad 2 wuumudneuznsdaamees
Thermal magnetic CB. Triping curve &g Electronic trip CB. Triping curve
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2.2.2 HaROULARIEITA (Disconnecting Switch: DS)

wnazSeuiiisu Ande Cut-Out Induses 39 DS Fwidl Ae Vi duaywu
e wiela useesieain Cut-Out Aldmiutu fe DS M4 Wuszuulniiimas wie
szuudnglniinanng nszuaineg fegdsiusnunds uarlnsasesiangy Fefumsldoud
Uagady wazgnres DS dzAsuln vIalneasini yoszilaifinssualiilvasuwindu
atmsednvasvedasadieves DS fdnwaeded DS Wil Arcing Contact niinszuann
299 nasiwnzn-Uaneasit Main Contact uwdufin Arc Fuasrildinnaideseviduds
ﬁw’lﬁmqmﬂ%mué’:um DS founnussunvliifisyuuaraundanu (Spring Store Energy) i
szdu viavanyalusialifianudigaiteanainmsiiin Arc Widuign Usslevives DS il
Tuau Power System Aaiieanuasnfelunisdentiys

o -
o S L

Lo

5 HEY “‘*wié:
AW 2,11 Disconnecting Switch 91311 [2]

2.2.3 latflawnas (Line filter)

Line fitter 1fugunsaimslviiin Sutifingesin (Aoud) Adnaniaeddinihig
sawaslunavhey etlesfurudntistussnisumuedaddiviidy  vie whi
dmunsasdaygansunmiu EM) nszuulwndnliliddiedoddlnfieas usnanius
2193 orufimdvddeatuiseiulinssen / IAulidnde Tuunmnwsentesuszneuly
gy Varistor lunaa. input  @wsvimthiidasasdeussulnifiusfidavesiatuies
Tnevialy Varistor 939190gma Fuse ststiutfuagyinlik Fuse 11auazLen199599n11n Power
line Viufiifltatlosfunudamsvenasnialufididey

LINE : LOAD
FUSE
2%
O=-0
O O Fo
Q=00

m‘wﬁ 2.12 Power line filter ﬁm (2]
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2.3 51ad (Relay)
e @ v o 1 =i = v oo ow
JugunsalfiGsundanulwinliidundinuudingn disldlunisfaganirduda
v al v o o = 4 -
vasnauunaliildsuaniilnemstaunssualwinlvidvenain  eviinisUaniola
wihdudardeduadnddidnvseiind  Jasawnsadidiadluuszgndldlunismiunuiems
a9 Tueugedidnnsetindunnune

oo w

il 2.13 sUsvestiadididadunarainlateiudu fiwn (2]

Siad UsznousediudAey 2 daunaniee

1. dwreswaain (coil) willganszuan iawihfadauuwimaninildunu

b4 L ¥ W oas 1 o -] L g I 1 ~ = L)

lavglunseidlimihdudanany vivulaenissunswuainnaguanreassuiunainmiloni
i deveaslasuussiu(Aussiuifiadfomistuiuedatassunmuiigudnfivun) i

! =] o 2 e/ v e ¥ o w1
awmwiwdniiibiwnulanganululUnsevisliudundhdudasonu

2. dauveanhdusa (Contact) yiwthiimilouadaddssnszualwliiugunsaline
ROINTULLDY

I
‘_"lcz:l R’V <y e s

: 1y % HaVo:

AN 2.14 dydnvaliiaduuuwuadn wey wuumwdsnihiulnumdn fun [2]

yesaldunnsg Usenausiy
- gara NC 8811370 normal close vuneanuitniinla wse windslddrelnlvunann
= ] ¥ a a s a as 1 a;/ v o L2 =4 = qf
willgidmihdudaagiiody lnealy indndegaildniugunsal wie wleddlvig
faanslivinnunasaagy
- gafe NO 8831910 normal open nuemuIUndle wienndsludnglwlivunaan
= o Voo w a  w o a1 Y | < =
wilenlwihdudaezlifindy  Tnevalusdndegeiidniugunsaiviewseddlinin
Aesn1smIuaNNsUntaulaulvauumiiondinu
- qara C §811197N common ABYATINARBLAINLEITE N
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v

\@ -
v
ASaanodolasniy i‘ g W —
% l
g NO
1_Q 6
ogundecibimSumnoalkl

£ 21

damrAs il nduracaly

|

it
:
&

3'.-0——|

AW 2.15 2s9smsieuvesiadetaig fun [2]
2.3.1 lwanannsiad (Solid-state relaysj
o Zadfililduidudad Fildineluladuns  Semiconductor ¥ilsilalildudwd
wasud sandeesunmuiiatuoinfiaduuuninguda tar iudssansamlunsidau
szoven  WugUnsaliiliibensio (nterface)  sewinaninrauan(Control)  Fadudinaees
Binvseiind Muasesaeltiiaids (Powen) Tnafinmisdstasiissuuns s (Ground) 7
wenasnanduiliansnsatasiunisdnies (Short direuit) waznssuniudatunas il

Al 2.16 Tedeainnsiad Aua [3]
le@nawnaad oranslaafudwszivsieaniuuuiislduuensuwessiad (Ar-

mature Relay) usiidefindn fis  Twwaanndt fanulilunisiuiigandy uae fleng
m3svheuuung Jusiu

=
! Agmatuge Relay S :r Bolid Srate Relay
] 1
. I flo | ney " | Pote coupte
pco ! : AC Power ad 3
i
I

Input circuit

AW 2.17 2smssieliauiuuiuguvssnniiuaeisiad uas ledaawmasiad
w1 [3]

14



2.3.2 \nW@siad (Safety relays)

fo  Relay #ifmuansyinuladianansddntesdues  39ziiAuLANA1eaIn

qf/ d‘ = di 4 ) v .:} o U cd o
Relay 7l Tnad Safety Relay fnalnmsieusavewmtnmRuLANYINININSIAGDUNVDY
wihpauunansyalunfouiu  vihlianunsatestunisiauiianaialunsdiivinneuuna
waouazawls Ay Safety Relay 3Jududsdnduiinzdosdinisldnusiniugunsallu
Ussinmuwesilidmiunisiesiudunsedouyudluiufidunseaislinisdeaiudedu
sruuanyIaaean

andl 2,18 Safety relays i [3]

2.4 wwias3glul (Power supply)

Hugunsoifianewdsslvilvidulnaalvin - uswldfunnian  lunisudas
wsanilwihanguiuunis Willudnguuuunile wihisuszdiaamneds gunseifiudas
wé’qmugﬂmwﬁa (wuwdinuna, waenwad, wdauuaseving) Iidundanulaia
wriasinalvuuuatunula(Regulated  power supply) @nsoRIUAN  WIRuvTaNTEUA
dnelvilAadiuduey  uinanesiinsidsuiuandelimaivAsundasindsnud
Bunniay

4 AU G RBLIAGL ;
B s et L

A 2.19 uvasinglilluunasnaainie Aun (4]
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dulaveayanan nisvoNnndanish

2.4.1 uvasdelwnse (DC Power supply)

wiasdnglW 0C  dlimunuunfazldvifoudatiwiiteuvamussiuantiiu T
sadlildussuidonts dosmskan useu DC, 199sSvanszua agldluns wlas
L,mﬁulﬂﬁwaa"uiﬁvﬂuLLiaﬁulwﬁwms&(é’aﬁjugﬂﬂﬁuagj) AuAefInTasUsEnaumefLiy
Useq ddunu sgnsdosniein wasueaded fwdeahdedie vinsnses GlFSeu)
YaerAumETL PavuLIAENTEeTINNsNsewSeRBentn ripple TiludslifeUszasd B
anafimnudtdesvdeninniieuliain AC input {%ua&éﬁuagﬁﬁdﬂiﬁLLﬂ'jWLidJULLUUﬂ%é\‘Iﬂ%u
e Wumdw) ripple Tasdluuuussiuliifimse sghavandoslils

AW 2,20 DC Power supply i (4]

2.4.2 unasanglwadu (AC Power supply)
wrasneln AC Un@eeTdusenulniiarnddsy et waz asusssuadluszeiv
w3 UlNANF IS UIeASE A1TASBIRRBINTSI LAY

" i |
£ A

JOKYO SLDER

AT 2.21 AC Power supply #isn [4]

wviasdngl AC anunsandnlndia AC leanlu DC rsasildivaeuln DC Twlul AC
Send Inverter  Buniesinesvinnusegunial power switching #ivihainansieiaii
muauls. JUadu AC Mlednedalirmildnigiady  lewinnsulahausgnsag

a I ) = v P v ool .JGL [
wuezilumsuasedwiuiy - enuassalunsaieguadulndsumeundanudingy

[

amd g ugnisdulagldinadanisueagaduiifinsmunueaennaii  wnesndnda

&3 U

Lazla

148504
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2.5 @1elyl (Cable)
2.5.1 Msauvesans Wiy
aglnidudenardumsidieanidaldihanunasruidsluanundig . 9 0

v
=

soen1s Ml luAasa Idaw ssfiansanaindeyaidossiu Al

1. euanunsolunmsihnssudliilaaan  neldviviauiuvesany  (insulated)
I#umnudemedeanusaguissudisuldanmsidusagilaeiidermusmsldauees
aelntrauasieg fenannfulumusnsgunisiasluin

2. usadulihiianglifiwuld dlngdndssfinifnl iMfiruusiuuenvesene-
Wi wWu300v. wse 750V. Wusu

3. gruvigiiwandanvaigldany wu 60°C we 70°C Wusu

4. wiivewmuin Wi AUIWRITPVC) wie Wdendn ndlilaraslsd (Polyviny-
lchloride) winzdmdumstiuanglnifitluaiaisill iilesanwaiafnfidfiausou
Franunsadalduslinuremnudoumnisnarldidesie ausunaaindnutianis Ao Avea
dsflndlesitau (cross linked Polyethylene: XLPE) daduasavaiidoniuauiumuniivay
Feanunsofuusenseunnlduaniy

5. dnumrmsdtluldens Taefiersanerndnennsioss aomildauanineny
whaussvasanglwithisiazdofansanlfmngaufuanslniudazeiafe

2.5.2 nMswussinanyla
JamviuaalUineafuaeliin Dearsnsuiiagd

o

1. Avewwiuuaglii  laadnsgiulineil

AnEVLaUILINUREY 19levnd

AvLauIY 2 UhY 14duwnsau

ABYUAUIL 3 UNU Tddmeou i ung

anevisianiu 4 unu | Tdmeou i uns thidu

GRSy HDIRI VRIS LY WHmngau /1 uns thidu wdes
dwsuanediu (earth) ' Idaneddemitolisraduinios

2. vilnvesmevuaui meideulilunudsnduininly fasmsu s ane
VAF, VFF, VSF, THW, VCT wazans NYY
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= P J !
n. @18 VAF liesaniigunsauuy Jufendn atwuvuunug  aeluy
Uszneumemeneansituiuaaaduni meauiuiifassdunie (PVC/PVO) fanwil 2.22
v a v ) o v § v vl aw )
wangdwiunuiu meliihdmedudasemeaiiesnnaunsodaliselan fAdauseiu 300
¢ an v 1 a o a t 2
v gampilldnuliiu 70 ssrwadea Jvatpvuiadu 2 x 5 ()" wneia aeluane
v ° v ] v ad &4 v oo " PP &
VAF Usgnauemgagdnuiu 2 iy waazidudinuimidavinnu 1.5 ansediadues Wy
Ay
C —

i VAF

AW 2.22 aneli VAF fiun [5]

9. @18 VFF ma’Luﬂ‘svﬂaumwwmaaLLmNaammuamLmuwma
auu idduien (pvc insulated) Fanmdl 2.23 mngdwsunuiidoundeuthevse 9
‘wnﬂuﬁammuuazqmmﬂmqumuauﬂume VAF

pzom { 5 e % ‘-‘ &

mww 2 23 ma‘l,w VFF flan [5]

a. @18 VSF aeludssnaudigarenasumdosjuiagauiuiiddu
Wy S1nusumileuivany VAF

mwm 2.24 gl VSF mn [5}

o
el ar

1. w1y THW anelutsgnauiisalansshaaduduiio ussauiuiiddy
= o = 2 o U a n’j 1 = o (3 o o=
Wesanni 2.25 TddmivAnaduviedesaefiiausediu 750 Taast gamaiildau i
70 er ATy

= =
amd 2.25 angln THW Aw [5]
2. @18 VCT  Aneluusenaudligaanadwnalassiuiy 2 wnu - wie

A Vuauuaestu danwil 2.26 Tsedhiuuandrduesgunsallwilieng o wazdu 9
ifauss suwaggamildnuwiloutiveny THW
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Al 2.26 anely VCT 4 uny flun [5]

Ml 2.27 englnl VCT 4 unu Sanefiu fian 5]

2. @18 NYY melulszneuimemenswunidiniudasnuuieninndl  Ju
fhoauruauty fanmit 2.28  wwrdwunisiiuasliaulnensuteldauiily ung
afnaeiwkuwandunsizids wnaussruLargunildnumiieuivas VCT

mww 2 29 el NyY 4 WU umaﬂu mn (5]

2.5.2 Astgeuasats Wi
d = o s -9 r I3
a’nﬂlﬂﬁmwafﬂm'ma.lﬂmiﬁ'mﬁvaqmunawummﬁﬂuwaﬁﬂmmmamnim 1an.11-2531
'l,ﬁ'mwumﬁuﬂmadaw‘LW‘ﬁmavaﬂwmvnﬁmﬂm‘hmmsw 2/ YuimnseuanagULUUNg

=

mﬂmmammsﬂw 2.2 UAEMNSIT 2.3

aelviiiany wresuld | anwuildew Snwansings
uan. 11-2531 UV)
A157
1 300 IHluaawiuis | - \uaeedosdndeTanaudu
(av) wavanuilen | - wuluviovidedoudiuane
Tusonufiug
- musouviotlsfu vielsRulnenss
2 300 THluaoniuks | anenay
(VAF) waranwiden | - iuaey
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- AULNNZHIY

- LAugaU(Conceal)luenly

- uluevseveuiuane

- uSouvia (Conduit) Hadula
wrgsatiosiulilldiidnneluyie
wazdesiulallaneilonauds

- nutlefulnensa

aBuUY

- WAULNIZAIS

- LAugaulups

- AR Ulnen TS

- wldlumisjuany

(VWR)

300

Tluaniunuis

a o
azanunlun

lauldvialy

- Autlspulnenss

(THW)

750

Taluanunuig

wavanudden

- \fiuasuResdameJanauiu

- Wulunevsaveuiuany

Tuaniuiuis

- muilanulnense

- Sogvintlsnuld unfastlaaiu
Ll luviouastiosiulale
aneilonatgii

(VVF)

750

Taluaniuiiuia

wazdaoumden

aenay

- lfuane

- LAULNNZHIY

- wutldlumsuany

- ugauluNa

- wuluvievSeveaunuane

- 1AuSeuvie Heduld uwidastlaeiu
Ll lueuas deaiilals
aneilonautin
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dnetuu

- IAULANEHIA
- iugaulunily
- iuilsRulnense
6 750 Tluaniudiuds | - Wl
(NYY) wavanuilon | - Heiulnonse
7 750 IHluanuiiuds | - Wewlély
(NYY) waranuiiden | - Heulnense
8 750 Tluaguiiuwis | - Woulsily
(NYY-N) wazanmiden | - Hedulaunss
9 750 THluanuius | - Weedauedosgunsallai
(VAF-G) wazaowilen | Lasinsadldingh
10 300 Tiluaouiiuta | - ldednaiasgunsailaifiy
(VFF) wavanuilen | wdanduenliuadidrordhnide
11 300 Toluaonuiiuds | - Huntgnds
(VAF-G) wasanu@en | - inugeuluns
- lsluntiayuany
- vuseevietlnunsaisiulnens
12 300 Mluaomiuks | - Wnuldmly
(VWR-G) wazanuiden | - vuildiulnense
13 750 Tiluaonufiure | - wunizada
(VWF-G) waranuidon | - udeulunt
- wudlalunndsyuanu
- vnailsfulnens
14 750 Wluanufiuse | - Wewlévily
(NYY-G) waranuiden | - Heiulnense
15 750 | Wluanwiuke | - Wsiawduedasqunsallwin
(VCT-G) waranuiilen | wazinIaddlngh
16 300 Tluanuiiuis | - Wrediedoddlwiwiavdu
(VFF-G) waraouden | enlduazsorihanslay

A1519% 2.1 metenimuansidauvesayliiihindasy wen. 11-2531 fiun [5]
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YuANsELa (Wouwls)

YU ANt
ae
(915.2031.) f % N9 19 19 9 3
Taus alany Tave alang
05 9 8 8 7 10 9 ~
1 14 11 11 10 15 15 21
1.5 17 15 14 13 18 16 26
2.5 23 20 18 17 24 21 34
31 2 24 23 32 28 45
42 35 il 30 42 36 56
10 60 50 43 42 58 50 75
16 81 66 56 54 il 65 97
25 114 89 77 74 103 87 125
35 V3 110 95 St 126 105 150
50 169 - 119 114 156 129 177
70 21 - 148 141 195 160 216
95 271 - 187 180 242 200 259
120 316 - 214 205 279 228 294
150 364 - T i 236 322 259 330
185 424 - 287 269 370 296 372
240 509 - 344 329 440 352 431
300 592 - 400 278 508 400 487
400 696 - 474 416 599 455 552
500 818 - 514 469 684 516 623

A15199 2.2 mswvuanszudlwivesnsiiauiu 39 anu wen. 11-2534 fiun [5]
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35013 - . o
- YTiAUBIRI A EIURUUNTAAGA
Wuane 9

n | @eunufgvuawiulueinie

v | @guuuviRwuiiuaenAunizud

=i t 24 I a 2/ =4 13 = < 1a
awmmummwmmmumu 3 e maawﬁmmumﬂaaﬂlmu 3 AU

A
wuluvialuanme Tuvieldlunilsfuniu viseluviedinenu
aneunuigIvuRuIuliiae 3 du visomevuawiuiiudenliiiu 3 unu

4
uluvinilanu

al F% = = e e v =1 = 1 =
aneunuigvinauuiuFenliiu 3 W, aevuauruiiudenldiniu 3 wnu

0

tlapulnenss

A1519% 2.3 A invasiadiuagsuluuNsAne 1u7 [5)

gungillagsau R
(p9rTaLTed) WiAuay n-a - | ABAuEIY 9 uay
21-25 - 1.06
26-30 - 1
31-35 1.08 0.94
36-40 1 0.87
41-45 0.91 0.79
46-50 0.82 0.71
51-55 071 -
56-60 0.58 -

A5199 2.4 ansuAnguavesaglnillogamaliuasuulas i (5]
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2.6 WHWIRTWUN (Printed circuit board)
1 - & 1 o 1 1 s s i d
winsasiuisgUseneumedddy 2 dw Ao wiuguvleduawsatudwindy
o 1 = ¥ 1 d o as E 4
fi Tugausnusiuasfiuiezdseneuiuanuiuguiivhannauiuui q Basaufufmeans
a P 2/ o o o o i o o Ve €e o alalvd 1o &
Uszinvesluenis welisesiuiudihild@ensedgunsaldninldideousdedgunsalas
o 2 o ° 2 ' P = = o i .
liisnsfanininfianunsatlniildadlduuisugnasiod Suluiiinvesdnin Printed
Circuit Board %38 PCB uazéiilewldiilegauiiatagiu

AT 2.30 LAUI9SRAN (PCB) 1w [6]

N4U (PCB) %70 uiu4sRUN Usznausie 2 diu fle
1) d2uauiu (Non conductive substrate)
wiu wanefn 1Wudy fesldviistamumundy Tadums"
2) duiliA (Copper sheet laminated)
iy oswes {udy Sealmbesaimin "seud ieysusniaaiumun

WHUMAIAUN Printed circuit board (PCBWS® Printed circuit wiring board (PWB)
I 1 ° v o A = a w falas o & a1 v
Wuwnuauuune  iwhinduinng uas  Sadedigunsaiidailwindudadersasiiun
gunsalludglu f Teevilvagliveanduidenivazsinlumiifion(Single-sided) viie
daatin(Double-sided)wsithasasiimumingsfinnududoutinng  fenvvsdewhilunanyn
FuMulti-layered)ild AEnsfamiviinasuuidiuasasioiiy lunsiunldounuimiings
' v o 9 ¥ a = 1 a do o] adal a |
aoulpieriiiiarudeeseisns walambanldunun fe  ASNSunIduwnIndn
lUsiwa (Suptractive process) 3a wwilnaanasdlouds (chemical foilencing) neduwsnae
° ™ ' & & o do vl 1 e e & = v
nmsBawsiunesuaiune  Fudulanmilniiladndminfud  waelimuamuningriu
a L% I 2 17 a _ar P 1 . 1 s
wfmuwaaLLmugmmﬂﬂﬂawaﬁlmmﬂma@mﬁaﬂm “metal clad laminate” sl e
=l [ A S e i = 2» 1l 1 o ot = - a =l
38NN “Printed Circuit Board”  agausugazyiunaniagiiiduawiudmidnuiwasd

= a ey o

Auudsussideulds 3 vl Ao
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1. fuadn (phenolic)
2. naadwend (glass epoxy)
3. a1sUsenau awand (composite epoxy)

Tundausng nsldeuusiunasium usiuguildagyiainnsgaiwune Yuilueinudn
Samumiliufaus  wiukursasiuiiivhanflueantuasiidnwsssnmuanvinldie 1
Aaudaussilddseduniuauiutesnlatnsiletheuldmuiinseans  ¥lsldany
LL%GLLNWNﬂaQQ%u uag ﬁmmﬁmmusiamm?}’uqaLwiﬁ'ﬂﬁm'mLLﬁﬁqLL‘qu‘Lw%amaa
andiuds Wnmsileufuhiduuiugu Tnevelowfdudemievaretuindneiy uéh
Badednendisduiasenuiuisesiuiviniinnanaswend snwanmeldufiuadlout

2.6.1 NMIUUANIAVOIULHUIITTAUN

amnaugnanaunsaldidnnsedndoinsni (NEVA:National Electrical Manufacturers
Association) éltlswiinvaausursasiuilis 30 i uslpeiiluisssnulszana 10 oia
Faaluil insm XXX PC whwsesfiuieded vnsueinnssaidnsuiuiefiuodnisdy
Duwiiedl Tauvidly wumm%ulﬁlﬁqaﬁﬂﬁmmé’humuﬂ'au**ﬁ'wﬁ%fimﬁawﬁ’wLL&iuaq%i
faiivhanansleduausolifunuamigdldfsuanuding - senuuuiniilelidn
elsfigungiish

1. s FR-2  vhaniuedn anemzleanag U ad1eiu 1nsn XXX PC LADpnLUUN
Widalwlagannii vildaansahluldiunuiigamaiigenanls

2. \n5A FR-3 wrwraasiiuvivdadvinannnszaivund o Sadndumediendisduliniy
uwhwsageaansaldfunuiiussiguazammudiugeld fdndunsn XXX PC waeds
panLuuINvidnglAdhegugiivios

3. 1050 FR-4  RILTULIINNTA FR-3 anleniiinsedwendsdu aunsaldls
AuruvaneUssian - oA stiulazgaumgiige  waraninsaldauiuuseiugdld

ANIT 1NA XXX PC, FR-2 way FR-3

4. 03 FR-5  WalnduannnsarR-4 Teadansldidulouiinmednandisdunsiniig
ulaussgandisnunauasmslitit venanildsdalwldendnde
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WA FR-6 vinusiuleniaun 9 Sasaufuiewmesiuwnidndieansy eai

malaBidinadn fanuudusein wilduduussnaandilusmunisnusdenuu 3
% ] & v

anansaldivanuniaudugsld

s CEM1  wivasasfuiadnilfieagloaduununasifloufmedufnaeudn
a o v = A a 1 = ° ¥ ot 1 J 3 v o !
Anfumedwendisduuiu vinlidamizldne uinuanutuldinitnse FR-6FR-
5 way FR-6

n3n 610 Juusuasasiiand wlednendlwiuesinana fanuudausimenags &
o iimeiifidoudnunsilundetuinin  FR4  wiRnliennniusiuases
vammitndnundy Sléanuuuin q sduuiugy Jaddiusinasuifildansd
saundusnvsiuusugm Wuiinss G-30 wasinn G-60

7 =2 LY = [ - -l o/ v 1 ﬂ?
wn3n G-30 Wgleutmeasmelndesludsguiianuasiiaunsad umude anudy
= o o ) o v o ' P a W a «
gelinauantinlyihdges mngdwiunsiwliviuinasfuiviadafiawes

n3n G-60 Wuwriuasiaialefimedll fansinddalwumeNumaraiin vinduusiu
guilesnniitmugydiuladidnsind  annsomuauanmivedladidnagn
oy deulflusandgenn 9 Wufnsdmd (GHZ) dwdulalasdududu
auauinitledidnsdnuezanuguideluladidnsdnvesensinddalndldsug
audlulasio

2.6.2 MIWUTTAUDMNUIGAIAUN
a v . ! aa v a A o
PCB wlianinden (Single Side) \Ju PCB Nilduanesase ey I elni

€

sgiuinswaeinagldgunsaldidnnsedngegiunssduiuduaienses wazinasd
Silk Screen sMuiReniugUnsal

STT————
awand (FRY)

Al 2.31 PCB wilaniiidien (Single Side) i [6]
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2. PCB wlimseiti1 (Double Side PCB) 1Wlu PCB mwaummaauaam 2 fu g
'I,mgmuwumﬂavﬂaaﬂ'lmﬂumawmu,mt.muumu'l,uaﬂwmumu ny1waY (Ground
Plane) lneilynuszasdiioandygasunu fhldluaneosiuriordasdiing

naJual) - qiuuu

Al 2.32 PCB wfinaeanti (Double Side PCB) Tl [6]

3. PCB wfineeantih (Double Side Plate Through Hole) u PCB wilnfisianevesaas
Fudssznaulude  tuvewsiufaihas uResuuuazdus TN U Ut
w3nee PCB wmauma’msLwawauammmma‘lﬂﬁwmammu wazmeluginge
*z:mmemaqLLmuwal,%auaﬁyfgmsvmwmu way dnagldounsaiBidnnsednd wasdl
Silk Screen Ioisansiu 'aaqwuanmmhﬂe Iiuadnanad e wiunsesdnn
ufﬂ“mmvmmmmwumqﬂﬂimmmmwmuumﬂm wHu PCB Usglan Double-
5|ded %vmmva'miw'mwiamﬁflﬁm'mﬂmuﬂmmaﬂ'mam waZ NI
\Feudauuy Plat through Hole (PTH) ma'lmaumammamanu‘tﬂé’uaama

sd M Suldguyigunsad

najual

P&.v.

an
Wad - awnaiualr 2 G (Non PTH)
*naviaNdiazd 1 idaua

AT 2.33 PCB #ilnaeevtin Wiy Non PTH fiun [6]

sdm3uldguygunsal

w3l - awnaiual) 2 4w (PTH)

Hr JugJiuuuaza 1'186”(1 “I

Al 2.34 PCB wilaaeawtin wuu PTH 91w [6]
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4. PCB wiavanetu (Multi Layer) i PCB Aduanenasfiodeudygiamslnih
sywietuly (nner Layer) 2,6.Layer wazduuan (Outer Layer) wasnelugiinag
YUAILVIDILA Wiodeudyanaserinadu uay finagldgunsaldianvsednd uaxdl
Silk Screen Idvaesimudy uiunsesyliavanedy wiunassintezysznouldng
Fuvesukuiniwazdasnningesty  ull  Tngnssadushadiiulagld
mm%’ammsm?aaé’mmﬁuquwms ETW%’UmuﬁﬁmwwmLLﬂumaqﬁaqﬂnsﬂiqsﬁq
gaun

copper tracks
rigid insulating matenal P 4

mppc;- 4 plated through hole
track on
in between layer

Al 2.35 PCB wllananetu (Mult Layer) fixn [6]

2.7 aeNUN2995 (Artwork)

Artwork - fiuanefiuuosintmioneauasuy PCB (printed circuit board) @9
LU?EJULaﬁaum‘%aqﬁaﬁugwuﬁgﬂiﬂunWiwﬁmmmwmaa PCB w31z Artwork (dusrmiue
g‘dwuwi’mquuua%mﬁawﬁmﬁm Taeaemeauasues PCB fagdutudnunizuas Artwork
fadu Tu Artwork axUsznauluse Solder pad, Lands wag Conductor muﬁma‘ﬁgﬂﬁm
AT VLA Wazuenantiy Artwork Sagnitifioidudusansuauuesuesn PCB 3nine

w0l .niemo0? iuavidug

3.1 WU

Iavtnod gmeT

AT 2.36 PCB angfiuvineqs (Artwork) fian [7]



Tuduwes  Artwork aaL{Ju%umauLLiﬂﬂﬂﬂﬂﬂ‘i&‘U?UﬂﬁNaW PCB  fuTslinan
wanfausignieduetnunn Ssdufumiugnasuasauusiugwes Awork  Tasnnsasng
Artwork Adudeusziusgfuruaesuesauazauuiudiuuvedn fe AUANYTOILUY
189 Artwork Sufudeiiasasaslulild Joymiidnidetuludiues Atwork A Wy 1
Tufinduaneiliutiug Fuaesmuiiiisesunn wdewinsyits fudineseninaduaned
douiuly  dafunisimun  Artwork  Wimudaeunasauusiug dsdudeddiines
warAaNueailudiuvesuildunoumng

2.7.1 WuIvnen1seenuuuiiludmsuniswaes Artwork
aliAtstanssuislupsmsSen Artwork LLu'Jmamaaammuﬁ"ﬂﬂ%ﬁuagjﬁuﬁaﬁ’a
Gi'me]ﬁaﬁ VUIALALIILIUYDY pad Avngau , \@UTaU9999 drill War ANUBNIVEY route
Wudy
2.71.1 Conductor Orientation (HJudnwaznsinsatefitivsensiunstuy

wugludumiiwnudassnauTufienmaun x wasunu y

— Fillet No fillet — ()

.
Sharp corner
and no fillets
>~ Conductor

Rounded corner 90" or greater
and fillets

| Preferred for low-voltage circuit |

A A Cenducior~<A

High voltage
Sharp corner, g
close spacing between Generously rounded

conductors outer corner
Nonpreferred |

LHigh—voltage application ]

Al 237 MsuugiiMsMeateRuiaes Conductor shapes 31 [7]
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Conductor - m =R

/4 )_ - Less than .~ Less than
—

90° a0°

No fillet Generous outer
pocket makes radius, cleaning | Preferred
cleaning difficult problem the same

Nonpreferred Nonpreferred |

Closed-angle circuit path

AT 2,38 NISUUZUINITIINAERNWSRS Conductor angles #u1 [7]

uuvoweinfimsliinavdugn 30456090 asm Tneyusaqumanidmiantd
Tun1seenuuulsesidnea  dwivisesesundannisfnyuvesansiviininaeyiluguuuusgm
TAavieneenlviaiiowsulds fudaredthersasidulidugudgld uwidshdyues
nyneanedahdnedimiliifonsnsatslvivuy oy uideafueghadugiuuy Ty
wenguilfusslenigananituiidoy

1. feudnuu PCB %ﬁﬁuﬁ’iwaE\J}l'lﬂLLasmaﬁqﬁwmmsmwshuﬁﬂmq’l,mﬁlﬁ WANTS
Massslisisvesmeduitgaiidudeisudy waetuludeisfouanly PCB e
Nﬁm'm?iqa lneUnd wé’nm‘sawawﬁaﬁwﬁﬁﬁaﬁ;ﬂﬁmﬁuLLasﬁ;mwmLé{’umiagiw
Pad  widludsrarildssusmmeaasiituneniy  seansoldnndey

seIeateimwule

Not recommended Recommended

O M 0 e

AT 2.39 NSKUzIN1SAaERLHI99T Minimum conductor s [7]

2. yuileefigalunmsvinyuuesatediiinisegfl 60 s mswandsaumeluitos

N1 60 aeen wiszazyhAndymilunseuiumsinandiuiu
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Nonpreferred Preferred

AT 2.40 MTUULINNITIAANERUNNRS Sharp internal angles A [7]

o o L4 1 [y L [ = ar L a2
3. awanageeruIdurwunuwasinyuduguwuui Ui dugUuuunduy

szilBU B998anmNNLUTUSINYDINSM e TuR U9 TEnINsanesiti

Parallel conductors

AN
-

AW 2.41 MstuztN1599a18RLNR995 parallel pattern #1311 [7]

4. Wennemesatmana 1 @uaull wainsusswing pad Mieaneiitidu vgdaalinig
NIYAWNUNINTERINA M T wIaWduailats  waz waniaesnisainany

AULUUSIATN 5L I TR ULAY

Nonpreferred Preferred

o o—

—0 A
Preferred Nonpreferred

AT 2.42 MTWUEUEINITIIRANURNH9T
Utilize space to optimum extent 931 [7]
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5. msanatedmihuwuuruiulaelssestesinuay agvhliiadgmlunszuiunisuds
PCB sutumisuanidsdlanisnssneateiilivivaiaveniglsiiuiinied
6. dumsrasaneiillasiidnuazgasuilificusyasd (unwanted bunching) vas

pad Mdunfes mswindesmsananefdmangdusn@enily pad §u
Wiy

Acceptable Nonacceptable

C—_—

=i ° N
AINN 2.43 NISLULUINITIINATYNUNINDS

Utilize space to optimum i [7]

7. nsunAmnundnwesanesihasidenanauinnsvuaiivaniluansf - feay
gansAuINmIMENNIRTIFIY

8. aneihfilu Ground msazivineilvnginiranediuiiidy Power Tnguutames
maﬁ”;ﬂﬁﬁ'lﬁaﬂm'izﬁaﬂmmﬂ“ﬁ'mmzammmmyuuaaﬁ Temparature rise e
Ussanal 20 ssariwalfod

9. awimilagmlumsviniaeinsaindiu pad Feazviiliinfuiuaugsering pad

AUaIEAUN
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Not recommended Recommended

ﬂ']Wﬁ 2.44 ﬂ’]‘iLLuBﬁ’m’l‘i’J’lﬂa’mﬁuﬁ’Nﬁ
Routing pattern 131 [7]

33



2.7.1.2 Conductor Routing

JumseanuuuremiesithludnunsvesundasUsenaudie  anuning
(Width) uazmaumu(Thickness) 1ot TaeRarsananuiinunssua uay Tempera-

ture rise gsgauuaefdLlunasilunsiiansan

AN 2.45 Conductor Routing i (8]

Tagundmsdnmmnagessefniuy PCB 9:ldinnsgiu IPC-22218 wie
PC-2152 Junausitunisfistsan saduarilédannimaassuaznisfivnauiussey
VAL AN IPC-2152 audunmsgrudraddasdeyailying uasdimilsdaiiady
F19°) ﬁﬁwiamiﬁwmmmmmmaﬁ’qﬁwmnﬂfhmmg'm IPC-22218

AW 2.46 11055 1UE9B IPC-2221B Fian [8]
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2.7.1.3 Conductor Spacing

[ dy A t @ 0 = 1
WWUN1999NLULYTDINUNINNTENI19a18821N(Space)  1aeia15aI1971nAN
w39iugIga(Voltage peak) vuatadninluinusilunisfiansan

CLEARANCE

A 2.47 Conductor Spacing i (8]

WuNdnaseninsareidmmnigduiinaudrfgiusgrsunniiesanld

o a = 1 v o < o ®& v .« &
vandealgyninisiiin Voltage flash-over senananiilui sdnludesdinnsmaunanud
19sEnIeanginnmuaulae 19899 NN UARNINSEIY 097 Ly IPClnstitute  for
Interconnecting and Packaging Electronic Circuits),|EC{International Electrotechnical

Commission ),UL(Underwriters Laboratories) 1T

4
—IPC8592B
£ %
E
=)
= 2 —|PC2221A, uncoated
S PCB
o
w
——Based on UL Table 5B
1 and 40V/mil electric
strength
0

0 100 200 300 400 500

V,DC
AWl 2.48 nUTEUTiEUINASEIuENB Conductor Spacing i [8]
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2.7.1.4 Hole Diameter

Hole Diameter @ ‘uu'mmadgﬁlﬂumﬂﬁmmawu PCB  Fadaiiuds
dftydmiunsfiedaiueiuatul PCB Hole Diameter fidnevilsinnsldiuauasuy PCB
ilusheanuielaglisoddusdunsnaiueuaciy PCB 1n Tuvnsifenfusiuasded]
yualnaieawoiasyilifnedwiunszsuiuns wave soldering dwldld Wesonuuni
TngfldiigamoszyiliiAnanudenisde Hole ddswarianszuiunis solder joints way
through-holes vlWiiafissnmanas vu PCB 91l Hole Diameter fiduunasmafufusiuy
wibiunulunissdngeiu fadunsiszeaiiia(Clearance) 1dm3u Hole Diameter 3
gunlndiAeaiu fad

d1w5U nominal drill dia < 0.8 mm 9gldszeziiialClearance) Wi 0.10 mm
d1w§u nominal drill dia > 0.8 mm azldsseziia(Clearance) Wiy 0.13 mm

- Hole Diameter azsosfivurmdniaavi dululs wiannsauivunneldmutas

- seziiie(Clearance) uidnfimuwailngiiuaingasszeeiio(Clearance)fagvilviAn
Uayvlunszuiunis Soldering

- HAYDINTEUIUNT Soldering aveaninilumimela f1auinwes Hole Diameter
vdsnsyuilAnszeuiie(ClearanceUsganm 0.2-0.5 mm (figuaan nominal

diameter vasz1aunsnl

- Hole diameter = effective lead diameter + hole location tolerance (PTH) + 0.2
mm

// 0y /// ///soidet wask
210 mil (0.25mm) 774 o) | Copper track
0 A Y Y / /// s
I

210

Pad area

//é///
i

AT 2.49 Hole Diameter iy [8]
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Pad %38 Land fimudunudiu Hole Diameter Iﬂﬂﬁﬁ@gﬁ)‘l_}m‘iﬂ)ﬂﬂ%m
gunsalvSeusinsesiansgu §11% D Ao Pad Diameter w3 Land Diameter waz d fio
Hole Diameter
- D/d 2 40 mil (1mm) for non-plated holes
- D/d 2 20 mil (0.5mm) for plated through-hole

nsdidhiiladetaniildlunsviueda PCB

- D/d =25 to 3.0 for non-plated holes in phenolic boards
- D/d = 1.8 to 3.0 for non-plated holes in epoxy boards

- D/d = 1.5 to 2.0 for plated through-holes

Component type Lead spacing Lead Standard hole
thickness size
s W register 0.400” 0.023” 0.028”
Y% W Carbon Comp Register 0.400” 0.025" 0.028”
Y2 W Carbon Comp Register 0.600” 0.032” 0.035”
1 W Carbon Comp Register 0.900” 0.041” 0.052
2 W Carbon Comp Register 1.000” 0.045” 0.052”
Small Ceramic Capacitor 0.100” 0.020” 0.028”
Large Ceramic Capacitor (>0.2uf) 0.200” 0.020” 0.028”
Small Silver Mica Capacitor 0.150” 0.015” 0.028”
Srnall Transistors (TO-92) 0.050” 0.018” 0.028”
Small Transistors (TO-220) 0.100” 0.036” 0.042”
T-1 % LED 0.100” 0.028~ 0.035”
Small Crystal 0.100” 0.018”" 0.028”
IC 0.100” 0.023" 0.028”
IC Machine Pin Socket 0.100” 0.020” 0.028”
IC Solder Socket 0.1007 0.025” 0.028"
Headers/Jumpers 0.100” 0.035” 0.042”
Large Headers 0.156” 0.063” 0.086”
D Connector 0.109” 0.035” 0.042”
#4 Clear Hole N/A 0.12¢” 0.125”
#6 Clear Hole N/A 0.150” 0.156"

A1 2.5 A58 Typical component Lead Sized fian (8]
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2.7.1.5 Solder Pad Diameter

Solder Pad Diameter ApvuInasfithifidnuuzdurawmunanlned]
hole agnsINa" f?i'ql,’fluu%mmﬁuﬁﬁL?‘jausﬁiaiwiwmqﬂniﬂiuazma&f'gﬂﬂ Hole Diameter
sgdslvunlvgiisanedevigunsaliwuiiieniu Pad Diameter Adaadivunlngiiiviwese
Hole Diameter FaUsznauludesihuioneunsiideusou Hole At Pad Diameter 34
feiludnvilauusdddmsunisidensearesaii Tasunilu PCB wuu Plated through-
holes awiluu1Av8929unIU pad (annular ring) agﬁﬁsxmm 0.3 09 0.6 mm umamiulu
PCB uuU non-plated through-holes a¥&iaunveaaumau pad (annular ring) #iluginin
desandasmsausdansmiediudena pgslsfmududaiidrdyedranniunuuns
Y8939UuMU pad  (@nnular  ring) il anaifiatlestusaninudeniefiazifintuiu Pad
wenvnilvuinues Pad  Diameter wagaunistunisideusefuaiedaniiUoining
Conductor) Adsfaidutladsddydnivuiu vunvesanefnisinasivuady 1/3 wihaes
Pad Diameter

mwv"'i 2.50 Solder Pad Diameter ﬁm (8]

Not recommended ' Recommended

R seerens()  [EEEEER0

AW 2.51 Solder pad diameter and conductor width i [8]
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2.7.1.6 Square Land / Square Pad

Wuuinaiiuifideusessriamngunsaluasanesni idanvasndu
awdsulaed hole  pgnsanas wnnAeiy Pad sssumnssitdinldumiunisuandaues
gunsallugunsaluszLaniidn 1wu LEDs ue Diode wasdinldifudeydnuaiununisuanan
Pin-1 ¥@9gUnald nan Multi-pinned 1y IC W38 Op-amp

Cathode
ishorter lead)

Wil 2.52 Square Land / Square Pad i (8]

= a : ‘ .
2.8 11AT51UNI1984UU PCB (Standard on Printed Circuit Boards)
‘t‘fumaummammu{Design) ,n1sasna(Fabrication) ,M5UsgnoU(Assembly) uag N9
L <4 I = NS ) [ % SV o S o £
nedau(Testing) 904 PCB- 18 MANNTURaUMINdMIURHER PCB mewwgnaildsdnlusias
= o = P v 1% o LY a a
Hl11m5511lun1597984 (Standard) wpa PCB islfiludonnatanadviunisndaunaeasi
= 8/ d = L7 =) 8/ v v
AN '1°zjLfJ'ummigmqmamﬂﬁwmmﬂmmﬂamu w30 Tiludennamisnisn
849AN3 IS0 (the International Organization for Standardization fignuA UMY
199A1INRsFIU(Standard) 1T Wudesnasifinstudindagadinnzmanaianie
| ° v oo I3 o o w @ Y}
a9 Aszihaldivenginad uuamis wia AdiARALvesdnEnY VDITAR)
HARANY NTZUUMSLAZUSNAS MuTRnUsyasAnmsl)
ssAnsfilinnunisraazldfunissensuinsediuununlumnsgunswan
wazvanmuna1eieteeiu PCB fifadl
1. American National Standards Institute (ANSI)
2. Institute for interconnecting and Packaging electronic Circuits (IPC)

3. International Electrotechnical Commission (IEC)

4. Department of Defense,USA (DoD)
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2.8.1 1953 IPC (IPC Standard)

IPC - Association Connecting Electronics Industries  ifugsneaunisaiisl
Fnguszasdliioatiaminsgiunissznaunassanyes gunsaldidnnsedinduasdiuusznay
munudens Iatedmulul 1957 Wuaantuilen1siesiusi(Printed Circuits ) Fov0s
Slunmendsldivdeuluiu the Institute for Interconnecting and Packaging Electronic
Circuits (IPC) ﬁa@uﬁmﬁlmﬁ’umiﬁwum&qma‘wnﬁuLLw'masa‘iﬁ'uussqﬁ'msﬁuasdauﬂssﬂa‘u
medidnnselind Tul 1999 lédndtesdnsadrafumensuasldasudady IPC wéoufy

alawnu Association Connecting Electronics Industries

: " c Association Connecting Electronics Industries

AWl 2.53 deyanuainInIgIu IPC (IPC Standard) i [8]

2.8.1.1 IPC-2221A (Generic Standard on Printed Board Design)

PC-2221A Wunnspuigensuiulagiallugramnssudidnnsedindlu
mseenuuu PCB Welsfinamfesnismaseeiassninansiaa (Spacing) 1naunsaigy
gléannaesnai 6-1 Tu IPC-2221A standard

Table 6-1 Electrical Conductor Spacing

Voltage
Bativiarl Minimum Spacing
Conductors Bare Board Assembly
{DC or AC
Peaks} B1 B2 B3 B4 A5 AB AT
0-15 0.05 mm 0.1 mm 0.1 mm 0.05 mm 0.13 mm 0.13 mm 0.13 mm
[0.00197 in] [0.0038 in] [D.0039 in] [0.00197 in} [0.00512 in] [0.00512 in} [0.00512 in]
16-30 0.05 mm 0.1 mm 0.1 mm 0.05 mm 0.13 mm 0.25 mm 0.13 mm
{0.00197 in] [0.0039 in} [0.0039 in] {0.00197 in] [0.00512 in} 10.00984 in] [0.00512 in]
31-50 0.1 mm 0.6 mm 0.6 mm 013 mm 0.13 mm 0.4 mm 0.13 mm
{0.0038 in] [0.024 in} [0.024 in] {0.00512 in] [0.00512 in} [0.016 in] [0.00512 in]
51-100 0.1 mm 0.6 mm 1.5 mm 0.13 mm 0.13 mm 0.5 mm 0.13 mm
{0.0038 in] {0.024 in} [0.0591 in] [0.:00512in} | [0.00512in] [0.620 in} [0.00512 in]
101-150 0.2 mm 0.6 mm 3.2 mm 0.4 mm 0.4 mm 0.8 mm 0.4 mm
[0.0079 in] [0.024 in} [0.126 in] [0.016 inj [0.016 in] [0.031 in] {0.016 in}
151-170 0.2 mm 1.26 mm 3.2mm 0.4 mm 0.4 mm 0.8 mm 0.4 mm
[0.0079 in] [0.0492 in] {0.126 in] [0.016 in} [0.016 in] [0.031 in} [0.016 in}
171-250 0.2 mm 1.25 mm 6.4 mm 0.4 mm 0.4 mm 0.8 mm 0.4 mm
[0.0079 in] [0.0492 in] [0.252 in} {0.016 in} [0.016 in} [0.031 in] {0.016 in]
251-300 0.2 mm 1.25 mm 12.6 mm 0.4 mm 0.4 mm 0.8 mm 0.8 mm
[0.0079 in] [0.0492 in] [0.4921 in] [0.016 in} [0.016 in] [0.031 in] [0.031 in)
301-500 0.25 mm 2.5 mm 12.5 mm 0.8 mm 0.8 mm 1.5 mm 0.8 mm
[0.00984 in] [6.0884 in] [0.4921 in] [0.031 in] [0.031 in] {0.0591 in] [0.031 in]
> 500 0.0025 mm 0.005 mm 0.025 mm 0.00305 mm | 0.00305 mm | 0.00305 mm | 0.00305 mm
See para. 6.3 Ivolt holt Ivolt Ivolt Ivolt fyolt Mvolt
for calc.

B1 - internal Conductors

B2 - Exiernal Conductors, uncoated, sea leval to 3050 m [10,007 feet]

B3 - External Conductors, uncoated, over 3050 m [10.007 feet]

B4 « External Conductors, with permanent polymer coating (any elevation}

A5 - External Conductors, with confarmal coating over assembly {any elevation)

A « External Compenent leadilennination, uncoated, sea level to 3050 m {10,007 feet]
AT - External Compenent lead termination, with sonfermal coating (any elevation;

M13199 2.6 A15198M 3§ Electrical conductor spacing f1un [8]

40



fufdesemismesailuusiduayen easiidannilgavinMidululd sk
uu PCB #ii1An Fsdnududedldunniidniianvesiuiiineseninanesihilivilfiana
nIgnUsienIsauees PCB Tawanunsaufisunnsnedl 6-1 Tu IPC-2221A standard  Tngld
PRI R RATRER7IY

2.8.1.2 IPC-2152 (Standard for Determining Current Carrying Capacity in
Printed Board Design)

IPC-2152  iWunmsgvgramnssudmdumsimusuunaaneithanguen
(External conductors) waz anefaninaneglu (Intemal conductors) e PCB Fufedaariy
Usnainseuail PCB aganinsnsesiuld (Current-carrying capacity) uazgamgiifiasiniu
Ul PCB (Temperature rise) lng IPC-2152 iusnasgiuiidununudl IPC-22218 flosan
Sreddlnedeyaitlmindr wasdeddeddadorag  fastonissunnaaesiihunnni
1A55U IPC-2221B

2.9 Wsilinasres UL PCB (Parameters on PCB)

Tunssanuuu pcb layout ﬂﬂﬂWMUﬂMWLwaiﬂﬂﬂiuﬁﬂPﬂu 2 9ofe Tolunseanuuy
m'ﬂ,ﬂuamamaqaﬂﬂmmqqlﬁw*samqﬂumiammmawumu e ammaﬂikumaqﬂmm
e Tzdmarenisiinuuesdueg. aessEnnsainduy PCB awilwisillmesor 3 fd
ASHARDNTSYINNUYENINAT A ANAIUMU(Resistance) mmqlwﬁw(Capaotance) uae
anuwileniilii (nductiance) fitiasansash 2 # vanaintsdimsdinesudsiintu
Humnsiwessminaudeuiiietuluaes (Heat)

2.9.1 Ausuny (Resistance)

2.9.1.1 aasunmuiall (Resistance in General)

AusIuTuL PCB wmmﬁmmuﬁaﬂﬁmumﬁ Faflanuduiustiuusadui
mﬂﬂiamauﬂsmmﬂ‘svLLa"LWﬂmlwamuiumEJmmum Tngussasalumauf iR axaelug
Taudumuluituiiangsad Lrm de Awen 1 e siewiils Iﬂammmlmmﬂaumi

R=p~ [Q] 2.1)

-
4

g p fAv resistivity [Q cm x 107°]

—

fim conductor length [cm]

A f8 conductor cross-section lcm?]
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2.9.1.2 AduuseansausauraemIuniu (Thermal Coefficient of -

Resistivity)
msifinfurespnuiumuIsistunugamall  Adupusunuasdy
syyfsgaumgiimigiuiu Sdagundaeiinistvungamaiiuvindey viognmaliveswas PCB

1 E!

8y 20 osrLwAlgya mauﬂiuawsmmsaummmumuimwﬂmmLmumaamaﬂwmaam
(Alpha, &) dufeuininei(Factor) vesnIMRIUMIULAZRMMT Fauansmudusiusldnm
aunsit 2.2 Tnsrwdnumuvesiiifiguglidneds (R,,) Tnsgamgiisradldsniuasdios

AANWYINY 20 9ALaLTea

R=R, (1+aAT) [Q] (2.2)
vioanunsadngUaunsindlsiy
1
AT =— i—1 [°C ] (2.3)
(21 Rref
Tag R Ao mudiunungams

Ref B AINUAUNIUAGNGHENIBT

< W a £ o v o Ay a
o Ao mdnsEdvSmmseuvesunuigamalionads
AT Ae uasnawesgnivaiifideintsiveaamgiensd (°C )

2.9.1.3 launfindmmSouvasaiesiin (Routing Heating Dynamics)
‘ﬂl i s -] U YV a at dl L7 o
Wonszualwihvaiuaiesiun azneliiAausstulniiloinuuaiesith
fanuiunugsulumunguetenuOhm’s Law) V = IR ieatedidinseiulniinn
1 [ = = s = v =y 2{ = @ oW f W =?l} 2
ATaNNIziiNSeLdenasU(Power dissipated) ity lnsdimwduwusast P= Vi = I'R

al o 2 ) Py = o o e
Imamiamuaawawﬂuw IR LLE’[W]I‘WL‘?MENﬂ’ﬁﬂiULﬁEJWﬂN’]WNLﬂWUNIﬂEJﬂi;‘ﬁLLﬁlW‘ﬁ?LLﬁ5
mmmumuma’tumamm ﬂﬁamﬁﬂwamuummmm‘uaaﬂuamwﬂu Tnowlondanui
=3

ﬁﬂJLﬁEJLWEJEﬂﬂ’llU(LUENQ']ﬂ‘LJ‘ESJ']‘EUﬂ‘i‘“LLﬂlWﬁ’l‘lﬁiaﬂ”lﬂ’.]']ilﬁl’m?ﬂwlflﬂﬂﬂ‘ﬂu ﬂ‘ﬂ“’ﬂ'ﬂ:‘lﬁam‘lﬁ.ﬂﬁﬂl
ﬂ']ﬂJ']ﬂ‘UlJW’JEJL‘UUﬂU

Cooling

[ Heating ]

Figure 2-1
Model for trace current/temperature effects

M7 2,54 lauindenusauvatanasiui finn [8]
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mm%’au‘uumaﬁ'aﬁ%ﬁﬁﬁumnwé’mugmﬁa dunsiduiaswesatediini
inINMsIANSeY Mnateiniigenma way  nsudAuieunaefihgawiu
adosnmuesgamgiazfniuilenavesaudourinfuravasandy dalu ist@ansa
mmm%mqmmﬁwmaﬁhﬂwﬁ%Lﬁu%mﬁuﬁmd%uwaqwﬁ&muqmﬁa wio anauludndiu
vosRavthduiavesanedniild Tnoflaunseuduiusid

Ter ——IZR
W +Th)
Toefi | Aa nszualvii
R AD ALAUNTUYBIANEAI1N
Th @9 anuvuivedanedit
W A9 AUNTNUeIANEILn
2.9.2 Mgl (Capacitance)
2.9.2.1 avaliihssindidiuusinunssdiues PCB
angniiuu PCB 2 figniulavawiulwih FiliAndulineavessafiudszy
laganunsauszanuailaaingss

C=0.886x¢, xi;i[pF]

(2.5) Iae A AD NUANIVUATFaUTUAUTEVI19a186987 [em 2]
b Ao ANNVUIYDIRUIY [mm]
£ Aa AN relative dielectric

r

2.9.2.2 mnuglwihssminsaeiadnlnariu
nsivualinuanuginiseminsanediihieglnatuiudesidudey
fuludeddyBnedrwmildlunaseenuuuatsdndt Fsarugliihseninaaiedniianinse

Uszanuanlaainans
2
C'=0.122xL +0.0905(1 +¢, )xlog,, 1+2—w+2\/i+w— p—F} (2.6)
s s s 200 cm
C=C xI 2.7
g/ A9 AINETIVBIAEFINTIIUIUAY [cm]

S A9 STULVIITENING 2 é‘i"ﬂﬂﬂﬂ‘f’iaglﬂé'ﬁu [mm]
t A9 AURUIYDI [mm]

w A9 AIUNIN9WR91 [mm]

e, fie Fmatl relative dielectric

43



2.9.3 Anawdleilnih (Inductance)

Twsvsaninuseiay fast-signal vi3e high-speed aednihgniiansanlifulaiion
anedyaalunisdsdoya(Transmission line) ﬂaﬁsﬁﬁ'm%’aauﬂﬂﬁﬁﬂﬁﬂ’:ﬁ’%ﬁﬂﬁﬁ@mm
Aedufiupudndu (z,) Alfn1smniis Ohmic  losses anusunuedulutanie i
annsaAwInlangns

7
A [Q] (2.8)
8
e L’ Ao AAwderi lniseuiluisanue
C  Ae menuglwhsievianieaue

2.10 AnuUaanfiuvasndniue (Product Safety)

nsasstununiiiiilifieouasastsnfusodinniinlafefuaudunse
Fufnlwih Sunsemneg ﬁﬂLﬁm%ﬂuqunszﬂm&iﬂﬁﬂﬁulﬁummxé’ﬂwmzﬁgﬂifﬂumilﬂu
undsendsuiarldnutnguseadseg 39 4 Sumsafiugiuasdedldsunisusadudu
dunilsvesmUszidunasnfovemandasiaslssnaulude

» Electrical shock

* Mechanical/physical injury

* Low voltage/high energy

» Fire

“ﬁauaf\?'n,wwvsmq*?inﬁmﬁumwé’umﬁaazﬂmﬁwaej'luVIﬂmmmurﬁmuUaamﬁa
YDINAN AU Lme“mamvmmmemwfmquwmﬂumm%mmmma Lmeumwaa
mmmw’mwaamnaavwaaﬂ‘u 4 Jedendniinanaly Iﬁ&ﬂ‘uﬂ’?LLMUU’]N’Q”LUULQWT’L%WUQﬂ
\AEnfU Electrical shock

Electrical - Shock Lagwanssnutasiuatusainiuliuaslduininasntade
waneuszns lnenansenundnasdunafinnainnisdaiunssualniviiusnaniouyed
ANTULTIRINMTUIRuRDs eyt i unan sgnulapessnfauU e Wi Snvos
vaausauliih (AC wia DO) , dumaiumesnenisuywd (Pathway) | aniwiinlviwes
s (1Wen w‘%a LLﬁd) TAKAEFUTNTBARZYARE (Impedance) , Szasiiatlunsdua
way wmmmwumama Tmaﬂwﬂm‘wmuﬁ]vawamawmmﬂsuuam“‘Lwamuiwmwaa
yARatiLe uumuna&mﬂLwaﬂvmwummmmuLwEJUm’jmaﬂm'ml,aaulmmmmwamw
WOINAAY WAAIEALADINITIIUIUNN mum'ifmLLmivmuwuﬁmmmﬂaamﬂmadﬁlﬂa
audlunihedsnd (H2) fe saummmm‘umwaammmlﬂﬁwaLﬂuﬂaaawquiﬂuﬂﬂi
wmmwaﬂiswuWﬂ'mmLLang‘jﬁ%mm'aﬁ'wﬂwwwélﬁ'aagjma’[é’mﬂwamamizLLaIWﬁ']
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fimsFnundaanaaluihauisn wu ninssuaady (50/60H2) Fewuldmuiily
TuthunSeiivhau Suansevuuazairsanudomennnninlifiussuansadlofnisdudalng
Smeuywd duiuiadudddgluiuausinnudadasimadiifigneanuuuaiite
Undesgliannisdudanseualviinssuaadu

umsgruauvasadediulvgudlotymimanilaglduinsnisiivunauiures
wdndfusinaliirivuzay Ae dudviedudeldligléiddsnndousdomaludialy
Toense , Snuaudfiduauiuiid Good  dielectric) wa finszuadaluation (Very low
leakage current) tasainupsgudinranizigannifudedfawent AELER
Fndudesszdnseivlunismaasundnfnsildnssivuinsgiuanuvasadeiialviulain
wAnSusiiuiinuUasadelunsldou

URIIBN Electrical Shock @ursatiasnulalaenisnaasuassialull

1. Dielectric Withstand (Hipot) Tests ilunisnaaaustenseulvussiugadn
sewinnnsTududidnnseiindnluiudidevte aefumeussdulssana 1,250-

1,500 VAC Lﬁamiiﬁ)aauiwamulWﬁ'\‘uaaqUﬂiiﬁmmmwuLmﬁumqlw“iﬂﬁlﬂﬁlf?hq
RN

2. Insulation Resistance Tests L‘T]’umwwaaugmmwmaaamumﬁwﬁm nfmeiiag
Unarulwisswingdiusng o

3. Leakage Current Tests (flansaanfinsvualnirainundsdgldasndsasfutios
i muanEnRsg LA sUAea Y

4. Ground Continuity Tests anmdnnsmaliihdinssualihsunsrensinisalua
szdesasgsrutasiu Wunisanmaumedndlnihifindorooian vienseduls
syuusinliimssivu. Fadunsasnaeuasiviieonuuuly Trasdesing

AoWauNUaTEUULAYRAM DDA UDHNIR TS
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2.10.1 anunuauulvdn (Dielectric Withstand Tests)

nsneaeuaiuaulihasndusmuuannumuizauauulninssnd e
Wusunsouazdiuilidunse  Tnsunfeurlwihdoduddisidudmivansgiuany
Uasafzresdunsessnitnesiiihfvdwigldannsadudalalnenss Tngaaildlunng
wagouaNunuauliidulngagldseninnasiwinssuaaduugugfi(AC  primary
circuits)ﬁ’mdﬁ]ﬂwﬂﬁﬁLLi\‘iﬁuﬁ'll"W]ﬁEm“ﬁ (Low voltage secondary circuits) %38 5z1I19
295 nssuaaduuguni(AC  primary circuits)fuaruiidunsnatl (parts/eround.)

nnaaevidefunistusuiauliesiufiivhnnsasisasuiisssunasiiasty
$uns189 Electrical  Shock Mwsngaunieléideulaund nMsvadeuaumuauulni
(Dielectric Withstand Tests or dielectric strength test) agUsinglutiaunnuinsgiuainm

Uasadeuasiluntsnegeunugiuinldlunisnsisaouninfamnivsenavluaianisudn

Dielectric Withstand

2-wire 120V Appliance ouT
TESTER High s
Voltage 2-wire y
d 120V 3
1250V - pu, ! e
or --- ‘0'-”-‘- F : 1
TE00V " X 1
AC
L Insulating 1
T Grotnd 1 Toble
Lead .

Dielectric Withstand
3-wire 120V Appliance

High
ZEIER Voltage Jwire
Lead 120¥ S —
1250V . i -Ja
or T
1500V !
! " -
AC 7 i insulating E
Tressien g T R Table i
] Ground S————
Lead

ATNT 2.55 AC Hipot Tester i [9]

nsvagauAEnuauILlUin (Dielectric Withstand Tests or dielectric strength
test) 1Foniulaevialudn "high potential Test" #3a nsnageou "hipot” Fudunisnadeu
ANuASEnvaauIuneligunsainaaey (Device under test ,DUT) Tunismaaeusenanail
wlfussfulniiilunis DUT fegganinund Tneldussdulwihufifinis 1000vAC vanaes
wihaaussulii U TR sauund dwsugunsallnifinlaeyilufesnuuusniteldaiud

120 %39 240 VAC ﬂQJ‘ULﬁ»ﬂﬁu‘LUH’Yﬂ]\ﬂﬁ’e}‘U?JEJVI“lJi 21104 1250 9 1500 VAC

ae



Tnguszasdvesnsnaaeuieliuledngldazlilasudunsrganliidendiold

3
&

nAnAue Geo19inannsaatsvesawInfuauseuliih Sndinisneaeudaiunis
asvaeuteunnsaaiiululdlunisesnuuunarnisndninelfifinJamvesdulszney
wagdnifionziuszuglnddaiuly Sussedindnasifineindositeeinia (Air gaps)
'3vmﬂammmamw3'“ﬂawam&ﬂimmﬁmvaﬂammumaNuavaawiaadaﬂﬂiﬂuaums
vuidaudu 1 LzuaL'aawwﬂulﬂluanﬂwmaawwﬂ‘[mm 0vINITErRTEnIeAniilung
sonuuulsiifisameszneliiAndunsieain Electrical Shock 1o dmiunansnusidldusefugs
lun1snageu hipot azvinliiAnnisensaludin (Electric-Arcing)  ffindvesinaseninany
fnhideaAuly uwidndnfueiituntsmagey hipot aillanasnunniiasifndunsean
Electrical Shock Tuanmgnsldaudn

ATUVULSIPUYBIRLINIEUIUBN AT BEANYaRRd (Safety margin) Ail4Untlos
gldandunsemedulid fadunsneasuidniulumienuiidfuguanaundn
wanSuaiNg gl

2.10.2 N1SNAAEUATINA LTl DsUBsA IR (Ground Continuity Test)

Tnguseasiuatnsnadaunureloweimefiu fis nsnsivaauaniiiusii
mmmamamﬂmwmmmaﬂamaléflmam3@'«0'm€ﬂ,°zn'mn’|mjaumaﬂua'1amu (‘green
wire" I(?‘lEJWE]HQQTQWJHHUIWW’]Lﬂf”lﬂ’J’uJLaEJ‘W}H‘V]ﬂW Power line innsidausioiuiand
Gusmhweswansas uaslifldouundudadiagiy nssudlifiagiehuludeianiidany
Fuvnudii(Low resistance) Fafiraanediu ldinnsiavosiuninesliiimieind unu
wlshusamevseidudadeisnmuiumuiiganin(Hisher resistance)

Tussvumaduagliluuuinasduszuy 2 aglagliiiszuvangiu detlagiugin
teuldszuu 3 e laeissuvanefuinbidlifinnudasadeannnia

Jawire 120V buT

Ground 1
Continuity/Bond <tA AC, «Im{ - 102: Centinuity Test
J-wire "
120v Insulating
Aisnde E I0A AC. <12V: Bond Test Table/Mat

E Grownd Continuity Driver
Connect to Metal on Case of DUT

A 2.56 Ground Continuity Test fian (9]

1 A = E=Y L7 é
lunrsnagauaiusatiosvssarsfulasunfazldlnnssuanssusesudnlunng
#9798 UAIAIINATUU(Resistance)1aIn S auspa g AuI A Ld U uTeenI 1
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Toviuvidalsl San1svnaeuilalldfivsslondfioudnisnessuvaeiulufos fians uid
Juuseleniflumenissdaielfiumudaunmasdléiamudasnde |

2.10.3 MInAdBUANINUYLLBIEBRusonssualni$alva (Ground Bond Test).

TrgUszasdreInisvagaualununiuesaisfusanseualifiisalva e ns
ATaeuAuaNTRvasEsAudl musauiunistesiunssualinialvadiudonsiundeld
Jumstesiufldansunsedennmadeudeaeiufiianainvioliine tuuansieain
nsvageuAuseLesvesasfunseiinziBunisnaasuindinszualwiminlsiarefiu
aunsnsnsfuldsdsiasndy TnenisnaaauasinAtAudunuvesatsfunteldaning
wsesuldhnszuaadu Anssuags

BNA9ENT LU HARS I TIHUNSAdBUAURBLTBweENERY WisTuUaeRuTy
sl duaindeaiiieslafdy LﬁmaﬁmﬁmmmﬁmwmmLLazﬁﬂﬁa‘]ﬂ'ml,aﬁhqalwammaﬁu
whliszuumeRuinnuandunindmasasiutesssuy Feazdudunsrosedlislofld
fuifachuinilwihiigninsguumedusen mavndeuiuanainasdunsnsisaouinasiu
fiAneusunmuiiduarannsasesiusnssuasalvaldifisamoudrdudunssusuininde
AapuRanaiavassyuulnii agvildAansdaveauninesiwimiefadiiofnunasgng
I uuu R TuslA

TESTER DuT

- -y

High Driver B o B § pee——
: Current | ; -._... !nternﬂl-=
L Source § 9 -"’ - Circuit 1
- e - I I’
Driver r__l =4 sense . ]| mmm———

§ Kelvin = > Ground
{1 Sense 1 Resistance

o IV Sense

>

T Chassls Ground

A 2.57 Ground Bond Test 'ﬁm [9]
wisluTBnsmeasuiedienseua 25 wenlUssevingeneAufuTuAuTe I ER ST
HuSaaulwihdeldilontadiazdudalay in3eandeuasgngmnsyuanuiisnimunuas
LARIANAI UM UYBIENAY TngUnAraas I uYsasAuinasiiiiuing Aaay
Funuvesiihvena’smadauiuinyhlfiAinauaaineioy Auianaingangt’
awnsoudluldlaefaanuduniustvesalemegeuneu uwazthllaufuaisaléann
iSemnasy vieidenldmsinseiisenineaiu (Kelvinlunsnauny Tusmsgiuaiulng)
zin1sivuaAInauMuresaefulily < 100 Jad-laviu Taelusuanul (Power
cable)
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2.10.4 MINAFBUANNAIUNIUAUIU (Insulation Resistance Test)

Dumseseuanuiummuuuanuliihlnefanudumusansening 2 gaves
aulnih mvedeuaziunsimusdszdnsvesauiuiidussaniamlunssefunssua
whla nswaaevasuilifulsslevilunsasisseunmninasauay lifsssndusnly
vuIun1nan fansevnguiadesyeznainisléauinulufe msmeaeudnaanse
nvavdeuldnevawiuezifinmudens viliidunsandliteuazannisiing i

Dielectric withoutload
2-wire 120V Appliance

high
TESTER _yojiage ~— .
e 120V
1250V *_l—- !
or r\:\ z “ e
1500V C,./. : .
AC Insulating
Table
Ground
lnad

mwﬁ 2.58 Insulation Resistance Test ‘fﬂ{u’l 9]

nedauAINiIUILYesatihauLRssIuEINe - AYRINFIUNILYes
auulnihdwmiuusenutinenin wiewiiu 500 v IvindausisnsaiunadeunssLans
(Test Voltage DC) 500 Taasi aaaa3osinanudumiy s9saulni Tnedimainudumi
vasauulifasivesning. sinnsloy

AN 2.59 Insulation tester , Mega Ohmmeter flan (9]

Insulation Tester ia3esiianagounnufuauiulii A inasilofldneainy
ﬁmmwﬁmﬁmw’L‘Eﬁmmmﬁmmuﬁﬁﬁhqammﬁmmﬂaﬁu (Meg Ohm) Faduermanu
Fumuitvanivanuuauilnih vialuedesdnishasdiu Ground) veuatesiionte
gunsallwih w3estauuuiliiidotaann 10 Alaleviu fs 10 wnneleviy (Ineiiaugnaeg 3
01410 1Wosidud)

a9



2.10.5 M3svinaaunssualnga (Leakage Current Test)

nszuafansnsalvanuewldosZenia nszuadlnalleakage Current) Tneas
Anszuaiulumunguisssiunuemuiumuauiu nussasdvasnmageuiiaTas
AMUFTUIMLaWIY wdwanunguadesiuv=IR) Weldmanszuailva

uywdvannsofuiinssuasslvaldisle Amesnseuativunaiiu 1 faduenuus &

=

Anszuaganinnusiunsgu onnduavgirlfiinsunsedenduielneresild
Wiguiisussnmeuysdazysznaulumediimmurunn 1500 Teviy sy fMifulssy
v 0.15 lulasvdn Insdinsivunveulnmnudasasdelidrnszuadalvalaliiiu 0.5
fiaduouus uwilundnsusiiduszuuudn 3 an uasildydnuailafounszuasilvasaasd
Anszuadilvaldliiviu 0.75 Saduentys

Voltmeter

hY |
1

Tﬁ% * puT Eff.'.'.'.i.'.?

5000

Insulation 5uF

Table

O3
L]
O

AW 2,60 Leakage Current Test i [9)

Nﬁ]smwaaumsLLa%'“’ﬂwa%mmsmialﬁﬁagﬂﬁ 17 asvhnsianszuadalwanield
FoulvmnuAasg 9w liilaionn Wisiilans tne uar neutral Thiousoaduiy uavse
ussnulviunagy Imamﬁmﬁ’lnml,a%"ﬂwaﬁwLﬂm::ﬁfaa%:*Uﬁmaaﬂ”lil,%amima%wﬁamu iiie
Miflauifudnssuaslvafissylilunasgiuaulasnds

Class Equipment Maximum

Type Leakage
Current

|l Ungrounded | All 0.25mA

| Grounded Hand-held 0.75mA

| Grounded Movable 3.9mA
(Not hand-held)

| Grounded Stationary, Type A | 3.5mA

A15190 2.7 psnAnsewasalranuuingsiu UL finn [9]
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Uni 3
N15ALHUIY

3.1 LHUNITANTUIUY
ssuzantum e duunavun 22 Uan

=
ABY

N13ALHUIY &.0. .8, f.0. .8, g.A. u.A.

1.A15ATUUARIVD LATIU

2.279HUNTST9TU

FHUUTRIUNUN

AMNUAAMNABINISUBDITEUY

ﬁu%’lLLﬁ%'ﬁ'ﬁU‘i’lﬂJ%ﬁ]i&a

3.n15A59daULazuA LY

PR TR IR TRl E R L ek R b )

AIRADULALLA lA1829INe ki

4.11590LA381

IANTUULALATINEDU Gerber file

IAASLUVDTAV AR

JnnTugUnIniuaziasols

5.n15vmgay

AsvaaauAIuuauIu e

nIsVAdaULNluALARNAR

NISNAFDUAIUABDILDIVDIEAY

6.3nvhgilaszuuuaseau

7.4dduslasenu

Tawas

ANSUNLEUD

sulanlAaY

Uadutwrannadne

A19799 3.1 ANTNTUABUNITAITUIY
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3.2 ¥ANNTSULAZNISaBNUUY

vanmseanuuy “garuanlihinssuaadu 220 Thad 30 wonwds” uwiseendudu

NaNY 5 @rusiuiufe

L.

AN

dusulnih (Electrical Inlet)

daulosaiumsliin (Electrical protection devices)
drumuAunIa-Un (Controller and Relays)
drunlaslvhnszuanssinvertor AC/DC)
duangli (Electrical Outlet)

£%
s g

= | & 5 = v o a & o
Faludruveseninwrituidnumrlassaireindulunuudenlaozunsudsgy

Electrical Inlet

V

Electrical protection devices

B L1 T T Ty — S L L e eaym—

Electrical Qutlet Invertor AC/DC

(Part of AC) \l/

Electrical Outlet

(Part of DC)

af 3.1 Uﬁarﬂ,masLm'iame“fﬂmaﬁwmwa&ﬁmuqﬂﬂﬁwﬂszuaaé’u 220 Thad 30 wauuUs
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3.2.1 dusulavin (Electrical Inlet)

Usznaumie 2 d1u fe

1) ulih (Power Inlet): viwthitduarusulsihanumasirelaifndngtua
donlddunuudniului 3 anusenaudewn 91 AC, 21 Neutral uwag 91 Ground 1y
wh3uilddmsulnihnssuaadu useiu 220 V nszua 30 A Asd 50 Hz

2) @l 3 unu (Cable 3 CORE): vhmihidusmilnihanundsinglniiidng
wWnsulviin @enldianeiln VCT wuu 3 unufianunsesasduluinssuaadu ussiu 220 V
N3z 30 A mnafl 50 Hz Tnaidenvuiniuiiviinga ¢ sq.mm Suly

3.2.2 dulasiumislanih (Electrical protection devices)

Usznaume 4 d@u fa

1) @nddina495 (Disconnecting Switch) : iavthituaznulninia wiola il
rnuUaeadelumstoiing

2) latdflawnes (Line fitter) : imihdinsasnanudmalnils Aiininededddlndiiid
vawaslumainy iedesfummanisiussnlusuniueasaslilniihgy

3) weshnusninesvan (Main Circuit breaker) : yhwthfinuaula-Uanisdny
nszualniiionan uasdlasturinssuaifniiu Fadenldaummmunasielniiiiogio
YUIR 30 A

4) \gosimusninasdes (SubCircuit breaker) : yhwithiimuaula-Uanising
nszualniusaslan uasteaiurnseuanimiu dsluudagladvensasmsliihasiiaund
uansinsfusenlunudnunelnanildou Insanusarmuauuinveuwo Aatusninesdesld
NngnIdsil

lce = 125% x I

gl Ao dAwhanvewunwesinusninesdesfisndenld (A)

IL Ao Avwsensvudlvan (A)

3.2.3 dwmauaunisiln-Una (Controller and Relays)

Usznouniy 2 @ fe

1) Siadtloariu (Safety relays) : ﬁmﬁ']ﬁﬂmﬁaLTJmwﬂﬂammﬂumiv‘mwumﬂ
gunsallesniu(Safety device) Wi siuuasiisd (Light Curtain), Yuanidu (EMO Switch)
Husu Tavganusadanisieurorseslindouqfulunargladifleldiuddsangunsel
Unsriu
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2) lwdnawmesiad (Solid-state relays) : vhwihiUnuselmaslasarununis
Wuan Controller  Taglunisaaldiuagsiasuiuiasimumu(Resistonuazdifivlseq
(Capacitor) iaanUgulusudygyrusuniu Tngreleesaudnungiann

Pulse woitage

AWl 3.2 29593n13T4u Solid-state relays

[

TaBnNIsIEanAIALA LYY LLawhm"umﬁUUszﬁmmﬁanmﬂnSWWLLammmé’uﬁuémﬁ

16 < = s
S SN ois
(R R, G VAL B x’&
3, \ 25 1
§ ~ 2 7 i\ en
2y . L L
¥ L | s
06 ey = ‘i«i}q ! §¢ '] ]
[1) § T . T R fgmﬁh\ﬂ% (,,.. : A
AL LA _\990% Wb e
~ -
@l "‘3;‘3‘? o l\ N
e "ﬁ;' -ni-m;ﬂ;‘ mmmmmm w B

0.06 P> ~ N B
0.04 . k% ¢ ‘,4;_::_& s T

002 p—RE, e M

5] 40 €0 10O 200 400 €02 000
Pulsavottags (V)

Wi 3.3 nlannuduiusssnIneAn RC wazdtyanad Pulse voltage

3.2.4 dnudadiiiianssuanse (Invertor AC/DC)
Usenausig 1 du fe
1) sudaslvinssuansainvertor AC/DC) + vhwihiiudasiniinssuaadulsmdulih
nsznse TnedenldfudadlinssuansaniinuaiuUadnnssuaaduruin 220 v (Julw
AIEUEARTIVUIR 24 V

3.2.5 g sl (Electrical Outlet)
Usgnaume 2 du fe
1) dudelinszuaaduAC Outlet): Ynmdudrudnenseuaadusuin 220 V Ing
e 8 vnseen
2) dwdnglnszuanseDC Outlet): vhwihitdwsenssuanseauin 24 vV Tpeil
Favwe 5 vnseen
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3.3 anuauUfnaznasldau
3.3.1 dudnelnnszuaadu (AC Outlet) fisuauvenun 8 vseen Tnsuuaudy
1) dhudrelrinszuaaduuuuitlifinismuaslag Controller (Unswitch AC Outlet)
fidau 3 meeen - nweenil 1 : ArwEmrsalunsTelni : 220V 2.5
- y90enTl 2 : anwEnsalunnsagln 220V 2.5A
- yneeendl 3 : arwansalunssnglwii : 220V 3,54
2) dwdelinszuaaduuuuiifinizenuaulag Controller (Switch AC Outlet) di
d1UU 5 9ven - maaaﬂﬁ 4 : anuansatunisanglnd 220V 2.5A
- v90enTl 5 : mwEnsalunsigliih : 220V 3.2A
- v1900nTl 6 : mwEnsalunsTglnih : 220V 3.24
- vweendl 7 : aanaaanselumsdng i
nsalin1sTelnanwdounisesnil 8 : 220V 4.0A
nsdilsifinnssnelnaanieuniaoend 8 : 220V 8.0A
- yrapand 8 : Anuansalunisseliih
nsdiinsanglvanwfounieeand 7 : 220V 4.0A
nsfilifinnsdrelvaanieusaandl 7 : 220V 8.0A

3.3.2 dwdnglvingzuanse (OC Outlet) fidruauiwan 5 vmasen Tnsuvadu
1) dndielinssuanssuuuilifimsmunulae Controller (Unswitch DC Outlet)
92U 4 nneoen - gt 1 AnnuEmnsalun sl
nsdfinmsdieluaandounsoenii 2,3 : 24V 2.1A
nsailufinnsareivaandounaoanii 2,3 : 24V 6.4A
- vaeend 2 : prmEnselunissaelii
nsildinsielvanwsouniseenil 13 24V 2.1A
nsallifinisanelnanndounisennii 1,3 - 24V 6.4A
- W1908071 3 : mwansoluansanglndh
nsalinsdnelvannsaumsesnd 1,2 - 2av 2.1A
nsailufinssnelvaandounieendi 1,2 : 24V 6.4A
- veendl 4 : mwawsalunsseliih - 24v 4.8A
2) dwdwlvnszuanssuvufitimsmunalag Controller (Switch DC Outlet) 3
U 1 9een - 0Nl 5 : ArwasalunsTeluih 24V 8.0A
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3.4 YuURaUNISANEUIY

3.4.1 a719@8Y Electrical Schmetic ¥84 AC control station (220V/30A) Tag
IRERUMMgNABIvDIEN LI
- MsdeuravasgUnIninige
- MIfrnvesgunIaismIngesinunines
- msfvuadsuasanuauiivesgunsaiseg
- MIMvUANIYeIgUNTel

i e

-

; e i
_ﬁ e _.p%@f'?ﬁ';‘% '

[Car
Bty ‘%-; s
‘Ix? l:i?‘-ml ,9??;,, we [T

(GEL TN ;

A 3 5 ANSRSIFAU ELectrlcaL Schmet[c (2)

Ingtumaunmsnsisaeuamunduiinlilulusunsy Microsoft office powerpoint
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3.4.2 sy19@9uay PCB(Printed circuit board) ¥84 AC control station (220V/30A)
W PCB wila 4 4y Tnsamvsounrugniasdadwmusnnsgiunisesniuu PCB IPC-2221
WaTANUMENA1TENKUY PCB 1iady Tnetledefivinnisasavasy e

1. WWIANNTNYReR182995(Trace)wag 52 ineueane9as(Spacing)
asdeufisuiuINATg IPC-2221 Tneninnas check list uiagiduvesa182995
1) T9A1MNT98e Trace Wag Spacing 3AlUsUNTH CAM350

dr at -n p .‘ |
AINN 3.6 NI1TINAIAIIUNINVDY Trace wag Spacing

2) MuuAANUN1eYes Trace wag Spacing aaunsg 1PC-2221 Tasl4lusunsu
Saturn PCB Design Toolkit

SATURN o

MW 3.7 Annueuniees Trace uae Spacing AUNATEIU IPC-2221
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3) vims List deyafiufianeisasudaziduadlulusunsu Microsoft office excel Tnedaya
Uszneulufie derduvesanensas,du layer 789 PCB aunaussdiunasnszuaiinessosdy,
9uA Trace Wag Spacingfléinnnnisin uaswuim Trace wae SpacingléannnisAulumy
UWIFIY

Review Trace & Spacing :Check List (The Old Design PCB)

Netlist File

EaEbER S =R ki

_555555;=;=E

= \ %) w O
AN 3.8 Check list UayanusaIegas

4) aviedpUM R TUABIAuRAtaYaf List Tulusunsy Microsoft office excel asaagey
2 ot A i
widuanglsasiivuin Trace way Spacing Lisiunmuanassiu IPC-2221

|
2L8.0CC cm/W1.51.113.55 i
A5AAWLEL1531 |

—
NN 3.9 NMIATISABUAY AT
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L7 2 [ 4’ b 7
2. anw¥EN159a181995(Layout) ANABIMIUVANNITEBNLUY PCB LUBIRULaENS
:ﬂ 1 ¥ - B
LUBNABYNNBINTINTY Electrical Schmetic
o ol U 7] A‘ v
1) mwuﬂaﬂwzﬂzgmmia'ma'm'm*s(Layout) ARIUNaNNITEaNILUY PCB tUassu

2. Right-angle

G A = S
AT 3.10 Ugymims9aiw9aiLayout) AT99MIUMENAITEENKUY PCB LB

2) fmusdgdnealdmsulguiniaanaenvsilayout) Anquazyiinig Mark dydnwal
£ d
Uihaugaimudymn

A o at ) L3 7. L7 1
ah 3.11 MsivuedyanwaldmiulymnisieaieisasiLayout) A1

9



u v =2 14 1 1 ¥
3) THUNUUIULNNITINE82995(Layout) 1w Mark ﬂummi’:ﬁmaUﬂﬁwamaﬁluqﬂﬁm
39973 Electrical Schmetic

| Review Layout : Layout de'sign

= ) 2
AN 3.12 MITNBHUUTULNNITI9a8995(Layout)

3.4.3 USuun Electrical Schmetic 984 AC control station (220V/30A) A1y
Founwiowingg Mann1nsvaey Ysuuilaslilusunsa Solidwork

5 8 e ATATATANA Y
N

Revision of Schemate

AW 3.13 nsUSuus Electrical Schmetic
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3.4.4 UFuuiiane PCB(Printed circuit board) w89 AC control station (220V/30A)
ANLBUNNTDINNY N9nn1smsvaey Uunilagldlusunsu Altium Designer

LN

Al 3.14 n1suSunnaie PCB(Printed circuit board)

3.4.5 w3719d0U Electrical Schmetic way a8 PCB(Printed circuit board) w93 AC
control station (220V/304) vnnIuSuufaInnseuiunsdl 3.43 uas 3.4.4 Iaevinis
ATI9EaUALduAaUT 3.4.1 uae 3.4.2

3.4.6 Ba991NYINMSATIvdeUNSUSuLARED YnisdawSoulndidulng Gerber 1o
1#lunsdvinvess PCB

L T R R R e T TR R T SRR e
s % 54,

SIRIIEIII I

788800 eeeiedl

A 3.15 1§ Gerber
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@ § & Qug o o . XY |
3.4.7 Yawieuvesaialddmiunmeaeulusiu Electrical safety Ingldduasan
L2 [ s 4 o d - . 3
galabiunsuiuud TawazyhmsvaaeuluiEes Hi-pot wag Ground continuity
newmg : (1(2)

1) naneeey Dielectric Withstand (Hi-pot)
1.1 Yawieuvesadmsunisveageu Hipot

Use Bare board of the old design PCB in Hi-pot tests (1)

o Y) "\ Ve .
AWl 3.16 Vendmunisvaday Hipot

1.2 ¥ihhmsnegeu AC Hijpot kdiduiinuantsvaeey vhdudududiaun 3 ass

Setup Pa[amgfér i

. .
*  High Voltage : AC
*  Voitage : 1400 VAC
*  Cument:1mA
* DWELL :80s
* RAMP:10sNV

Al 3.17 n1IMedey AC Hi-pot
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1.3 yhmsnaaeu DC Hi-pot wandufinwan1svagey virgududiuiuniavun 3 ass

DC Hi-pot Test

Setup Parameter

High Voltage : DC
Voltage : 2100 VAC
Current : 1 mA
DWELL : 80 s
RAMP : 10 sV

AWl 3.18 nMsnAdBY DC Hi-pot

a y ¥ o LY 5 o o |q’.'; I o d
1.4 tfnsvedeuianis Fail ivianisuSuwdvesauaninntsnadeuluidaudsinded 1.1

2) M3vegeu Ground Continuity
2.1 daeeuussainiuNInA@BU Ground Continuity

Position of chassis

for measurement

: ﬁ‘ & o [ o e, : =
AN 3.19 UIAFINIUNTTVIAEBU Ground Continuity

63



o ar 1 2/ 1 & J 27 l’d o 1 1
2.2 vomsiamawiumuluaedaesgunialin uazAannuiununsnunisumisnge
17U 28 9ATBITUNU WinTuiinan seaes

Ground Con nuqty Test

il 3.20 nTIvAERY Ground Continuity

UV
= o < 1o & ar o 3 @ o a &
(1) Wipsanmsinyhuesalndindudaddszazeilunisdaviauny dndianisvaaau
= : . o = o a et § e
TwS4 Hi-pot wag Ground continuity UM snaaaulieIfvauINLazns it luvesanil
) v 2 al | = kY] Y oa ¥
msdsuun lalalimswaeuwladudesauuiaznsn Ssanuisaltnanisvaansdnedala

(2) Tudruvesn1mageu Leakage Current Uag Ground Bond lulévinnsneaaeu
o [ 1% o
Wesnnuernumsesluinuniosisnageunargunsailvian
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UNa 4
NAaNISALUIIU

4.1 NAaN1SASIVFDUAIWINRTUBSANDUTININSUALY

4.1.1 NMIas1vdauaIeNaInauYnnsui lludruresruInanesiun (Trace)

Type PCB Netlist Current(A) | Trace (mm) | Trace (mm) Result
Line Measurement Standard
AC BL2 15 3.8 2.04 Pass
AC BL1 15 35 2.04 Pass
N BL3 N 35 N Pass
GND GND GND GND GND Pass
AC1 BLS 13 35 2.04 Pass
N1 TL6+BL4A N1 3.5/35 N1 Pass
AC1 BL8 3.2 S5 0.2418 Pass
AC1 BL6 3.2 35 0.2418 Pass
AC1 BL7 al 5.5 0.329 Pass
AC1 TLS 4.8 3.5 0.4231 Pass
AC1 TL4 34 2.9 0.2418 Pass
AC1 TL12 M 3% 0.2418 Pass
AC1 TL15 3.2 35 0.2418 Pass
AC1 TL7+BL12 %2 3.5/3.5 0.2418 Pass
AC2 TL1 15 3.5 2.04 Pass
N2 TL8+BL13 N2 3.5/3.5 N2 Pass
AC2 b, 3.z 3.5 0.2418 Pass
AC2 TL13 32 3.5 0.2418 Pass
AC2 TL14 3.2 35 0.2418 Pass
AC2 BL11 3.2 3.5 0.2418 Pass
AC2 TL2 3.2 3.5 0.2418 Pass
ACZ BL17 3.2 3.5 0.2418 Pass
ACZ TL17 3.2 3.5 0.2418 Pass
AC2 BL10 3.2 3.5 0.2418 Pass
AC2 TL16+BL5 8 3.5/3.5 2.2931 Pass
AC2 TL18 8 3.5 2.2931 Pass
AC2 TL19 8 35 22931 Pass
AC2 BL14 8 3.5 2.2931 Pass

f197199 4.1 MN519RANISRSIRFaUaERsnauinnsua v ludi e natefata
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Type PCB Netlist Current Trace (mm) Trace(mm) Result
Line (A) Measurement Standard
24 VDCC 2L7 1 1.5 0.1265 Pass
24 VDCC 2L6+3L1 1 1.5/1.5 0.1265 Pass
24 VDCC 2L9 1 1.5 0.1265 Pass
24 VDCC 2L4 1 15 0.1265 Pass
24 VDCC TL26+3L5 1 1.571.5 0.1265 Pass
24 \V/DCC TL26+3L4 1 1.5/1.5 0.1265 Pass
24 VDCC TL25+BL15 1 1557155 0.1265 Pass
24 VDCC TL25+2L1+3L6 1 1.5/1.5/1.5 0.1265 Pass
DCCcm | TL22x2+TL24x2+TL27x2 bCC byl o7/ 1.5 DCCcm Pass
+TL29x2+2L5+2L8+3L2 cm /1.5/1.5/1.5
24 VDCC 2L2 1 L5 0.1265 Pass
24 vDCC TL21 ! 1 &5 0.1265 Pass
24 \VDCC TL23 1 b 0.1265 Pass
24 VDCC T3 1 1:5 0.1265 Pass
24 VDCC TL30 1 1.5 0.1265 Pass
24 VDCC TL28 1 5 0.1265 Pass
24 VDCC TL28 1 145 0.1265 Pass
24 VDCS TL114BL19 6.25+6.25 3.0/3.0 1.584 Pass
24 VDCS TL20+BL16 6.4 3.0/3.0 0.6291 Pass
24 VDCS TL9 4.8 3 04231 Pass
24 VDCS BL18 6.25+6.25 3 1.584 Pass
24 VDCS 2L343L3 6.25+6.25 3 4.1206 Fail
24 VDCS TL10 8 3 0.8559 Pass
BCS cm BL20 DCS em 3 DCS cm Pass

A15199 4.1 A5 IRaNIATIvERUae9asnauvin sl lugumestunnatediii (Me)

aLn ¢ AC = ACLINE 30 A
N = NEUTRAL
AC1 = AC LINE FROM LINE FLITER L1
N1 = NEUTRAL FCR AC1
AC2 = AC LINE FROM LINE FLITER L2
N2 = NEUTRAL FOR AC2
24vVDCC = 24 VOLTS DC OF CONTROLLER
DCC cm = DC COMMON OF CONTROLLER LINE
24VDCS = 24 VOLTS DC OF SUPPLY 24 SAFETY
DCS cm = DC COMMON OF SUPPLY 24 SAFETY LINE
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4.1.2 msnvaavatgsnawinsuiluludiuvesssazvinsanesioun (Spacing)

PCB Netlist Voltage Spacing(mm) Spacingimm) Result
(V) Measurement Standard
TL1 220VAC2 3.7 0.4 Pass
TLZ 220VAC2 2.8 0.4 Pass
TL3 220VAC2 21 0.4 Pass
TL4 220VACL 2.1 0.4 Pass
TL5 220VAC1 3.6 0.4 Pass
TL6 N1 6.3 N1 Pass
TL7 220VACL 6.6 0.4 Pass
TL8 N2 6.6 N2 Pass
TLY 24VDCS 0.7 0.05 Pass
TL10 24VDCS 0.7 0.05 Pass
TL11 24vDCS 0.05 Pass
TLI2 220VACL 0.4 Pass
T3 220VAC2 0.4 Pass
TL14 220VAC2 5.6 0.4 Pass
TL15 220VAC1 5.6 0.4 Pass
TL16 220VAC2 B 0.4 Pass
TL17 220VAC2 1.65 0.4 Pass
TL18 220VAC2 2.8 0.4 Pass
TL19 220VAC2 2.8 0.4 Pass
TL20 24VDs 13 0.05 Pass
TL21 24vDCC 19 0.05 Pass
TL22 DCC cm 1.9 DCC cm Pass
TL23 24VDCC 19 0.05 Pass
TL24 DCC cm 2 DCC cm Pass
TL25 24vDCC 2 0.05 Pass
TL26 24VDCC 2 0.05 Pass
TL27 DCC cm 2 DCC cm Pass
TL28 24vDCC 1.87 0.05 Pass
TL29 DCC cm 1.87 DCCcm Pass
TL30 24VDCC 1.9 0.05 Pass
209 24vDCC 23 0.05 Pass
2L2 24vDCC 0.7 0.05 Pass
213 24VDCS 3.2 0.05 Pass
2L4 24VDCC 15 0.05 Pass
2L5 DCC cm 4 DCC cm Pass

A19199 4.2 An519RaNISASIIEUAIRsRauvnnsuAluluduvesTrezinsane ftn
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PCB Netlist Voltage Spacing{mm) Spacing(mm) Result
V) Measurement Standard
2L6 24vDCC 3.9 0.05 Pass
2L7 24vDCC 0.7 0.05 Pass
218 DCC cm 7.4 DCC cm Pass
2L9 24VDCC a.7 0.05 Pass
3L1 24vDCC ' 2.26 0.05 Pass
3Lz DCC cm 2.8 DCC cm Pass
3L3 24VDCS 3.7 0.05 Pass
3L4 24VDCC 1.58 0.05 Pass
3L5 24vDCC 1.58 0.05 Pass
3L6 24vDCC 4.15 0.05 Pass
BL1 220VAC 1.5 0.4 Pass
BL2 220VAC N5 0.4 Pass
BL3 N 1.5 N Pass
BL4 N1 5 N1 Pass
BL5 220VAC2 15 0.4 Pass
BL& 220VAC1 1.5 04 Pass
BL7 220VAC1 1.5 0.4 Pass
BL8 220VAC1 1.5 0.4 Pass
BLS 220VAC1 1.5 0.4 Pass
BL10O 220VAC2 7 1.5 0.4 Pass
BL11 220VAC2 1z 0.4 Pass
BL12 220VAC1 1.5 0.4 Pass
BL13 N2 5 N2 Pass
BL14 220VAC2 1.5 0.4 Pass
BL15 24VDCC 5 0.05 Pass
BL16 24VDCS 15 0.05 Pass
BL17 220VAC2 L5 0.4 Pass
BL18 24vDCS 1.5 0.05 Pass
BL19 24VDCS e 0.05 Pass
BL20 DCS cm L5 DCS cm Pass

A1597 4.2 MITNRANIATIAERVANIRsAau LAl luduresssuginsanesin(de)
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4.2 NaN19RSIFBUAI9RTURSANAIINITUA LY
4.2.1 N139371988Ua1919ITNaINIswA Ll ludrurestuinanesiin (Trace)

Type PCB Netlist Current(A) |  Trace (mm) Trace {(mm) Result
Line Measurement Standard
AC BL2 15 25 2,04 Pass
AC BL1 15 3.5 2.04 Pass
N BL3 N 35 N Pass
GND GND GND GND GND Pass
AC1 BL9 15 35 2.04 Pass
N1 TL6+BLA N1 3.5/35 N1 Pass
AC1 BL8 i 3.5 0.2418 Pass
AC1 BL6 3.2 33 0.2418 Pass
AC1 BLY 4 35 0.329 Pass
AC1 TL5 4.8 35 0.4231 Pass
AC1 TL4 15 g5 0.2418 Pass
AC1 TL12 N2 4/3.5 0.2418 Pass
AC1 TL15 B2 B3 0.2418 Pass
AC1 TL7+BL12 3.2 2.5 0.2418 Pass
AC2 TL1 32 3.5 204 Pass
N2 TL8+BL13 b 32 435 N2 Pass
AC2 it ‘ 3.2 3.5 0.2418 Pass
AC2 AL13 3. 375 0.2418 Pass
AC2 TL14 B.2 a 0.2418 Pass
AC2 BL11 o\, 3.5 0.2418 Pass
AC2 TL2 3.2 3.5 0.2418 Pass
AC2 BL17 3.2 = o} 0.2418 Pass
AC2 TL17 3.2 3.5 0.2418 Pass
AC2 BL10 3.2 q 0.2418 Pass
AC2 TL16+4BL5 8 3.5/35 2.2931 Pass
AC2 TL18 8 4 2.2931 Pass
AC2 TL19 8 3 2.2931 Pass
AC2 BL14 8 4 2.2931 Pass

A15149 4.3 A519HEaNTTATINEaUATIRTUa SN suAlYlud YR ILIRaEsaT
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Type PCB Netlist Current Trace (mm) Trace(mm) Result
Line (A) Measurement Standard
24 VDCC 2L7 1 115 0.1265 Pass
24 vDCC 2L6+3L1 1 1.571.5 0.1265 Pass
24 VDCC 2L9 1 1.5 0.1265 Pass
24 VDCC 2L4 1 1.5 0.1265 Pass
24 VDCC TL26+3L5 1 1.5/1.5 0.1265 Pass
24 VDCC TL26+3L4 1 1.5/1.5 0.1265 Pass
24 VDCC TL254BL15 1 1.5/1.5 0.1265 Pass
24 VDCC TL25+2L1+3L6 1 1.5/1.5/1.5 0.1265 Pass
DCC cm | TL22x2+4TL24x2+TL27X2 DL T 5/ 18041.5 DCC cm Pass
+TL29%2+2L5+21.8+3L.2 cm /1.5/1.5/1%
24 VDCC 212 1 1.5 0.1265 Pass
24 VDCC TL21 7 1 1.5 0.1265 Pass
24 vVDCC TL23 1 W25 0.1265 Pass
24 VDCC TIE23 1 1% 0.1265 Pass
24 \VDCC TL30 1 v 43 0.1265 Pass
24 VDCC TL28 1 1.5 0.1265 Pass
24 VDCC TL28 1 1.5 0.1265 Pass
24 VDCS TL11+BL19 6.25+6.25 3.0/3.0 1.584 Pass
24 VDCS TL20+BL16 6.4 3.0/3.0 0.6291 Pass
24 VDCS TLS 4.8 3 0.4231 Pass
24 VDCS BL18 6.25+6,25 3 1.584 Pass
24 VDCS 2L3+3L3 6.25+6.25 4.5 4.1206 Pass
24 VDCS TL1O 8 3 0.8559 Pass
DCS cm BL20 DCS'cm 3 DCS cm Pass

A157199 4.3 FNSRANITASIFEUANLRsTHAIINsw LY ludIuTaIIRIRa18AIN (D)
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4.2.2 nMsnTRdevatgInvdvinsunluludiuresssegvinsanadndi (Spacing)

PCB Netlist Voltage Spacing(mm) Spacing(mm) Result
(V) Measurement Standard
TL1 220VAC2 1.5 0.4 Pass
T2 220VAC2 1.15 0.4 Pass
TL3 220VAC2 1.15 0.4 Pass
TL4 220VAC1 1.38 0.4 Pass
TLS 220VACT 0.74 0.4 Pass
TLE N1 4.4 N1 Pass
TL7 220VAC1 3.59 0.4 Pass
TL8 N2 4.81 N2 Pass
TL9 24VDCS 1.27 0.05 Pass
TL10O 24VDCS 0o 0.05 Pass
T 24VDCSs A5 0.05 Pass
TL1Z2 220VAC1 1.32 0.4 Pass
TL13 220VAC2 a 0.4 Pass
TL14 220VAC2 2.04 0.4 Pass
TL15 220VAC1 3.74 0.4 Pass
TL16 220VAC2 $.25 0.4 Pass
TL1T 220VAC2 1.91 0.4 Pass
TL18 220VAC2 2.65 0.4 Pass
TL19 220VAC2 1.55 0.4 Pass
TL20 24vDSs 1.27 0.05 Pass
TL21 24VDCC 1.9 0.05 Pass
TL22 DCC em £9 DCC cm Pass
TL23 24VDCC 19 0.05 Pass
TL24 DCC cm 2 DCC cm Pass
TL25 24VDCC 2 0.05 Pass
TL26 24VDCC 2 0.05 Pass
TL27 DCC cm 2 DCC cm Pass
TL28 24vDCC 1.87 0.05 Pass
TL29 DCCcm 1.87 DCC cm Pass
TL30 24VvDCC 1.9 0.05 Pass
211 24vVDCC 0.55 0.05 Pass
212 24VDCC 0.18 0.05 Pass
2L3 24VDCS 2.54 0.05 Pass
214 24vDCC 2.18 0.05 Pass
2L5 DCC cm 2 DCC cm Pass

A15199 4.4 A1519NENNSRTIVADUAIITUEIYINsUA L Tud e s nane @t
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PCB Netlist Voltage Spacing(mm) Spacing(mm) Result
(V) Measurement Standard
2L6 24vDCC 2.38 0.05 Pass
2L7 24VDCC 0.18 0.05 Pass
2L8 DCCcm 3.66 DCC cm Pass
2L9 24vDCC a.7 0.05 Pass
311 24VDCC 0.55 0.05 Pass
3L2 DCC cm 0.55 DCC cm Pass
3L3 24VDCS 0.55 0.05 Pass
3L4 24VDCC 0.55 0.05 Pass
3L5 2avDCC 0.55 0.05 Pass
3L6 24vVDCC 3.83 0.05 Pass
BL1 220VAC e, 0.4 Pass
BL2 220VAC N5 0.4 Pass
BL3 N A N Pass
BL4 N1 1.5 N1 Pass
BLS 220VAC2 15 | 0.4 Pass
BL6 220VAC1 135 0.4 Pass
BL7 220VAC1 | b5 0.4 Pass
BL8 220VAC1 1.5 0.4 Pass
BL9 220VAC1 15 0.4 Pass
BL10O 220VAC2 Ve, 0.4 Pass
BL11 220VAC2 125 0.4 Pass
BL12 220VACT 1.5 0.4 Pass
BL13 N2 L5 N2 Pass
BL14 220VAC2 1% 0.4 Pass
BL15 24VDCC 123 0.05 Pass
BL16 24vVDCS 1% 0.05 Pass
BL17 220VAC2 Lo 0.4 Pass
BL18 24VDCS 1.5 ; 0.05 Pass
BL19 24VDCS 1.0 0.05 Pass
BLZ20 DCS cm 1:5 DCS am Pass

A5 4.4 MIINHANNTRTIVFBUANLRTUSWINTuAlTuduTD ST s san e (He)

72




4.3 HAN1INARDWNYINUNITNAGDUAY Electrical Safety

4.3.1 msvadau Dielectric Withstand (Hi-pot) wuu AC Hi-pot A 1

AC LINE Neutral Line
Voltage | Current | Dwell Result Voltage | Current | Dwell Result
(kVAC) (mA) (s) (kVAC) (mA) (s)
0.75 0.27 7.5 Fail 0.61 0.15 6.1 Fail
0.75 0.29 7.5 Fail 0.63 0.15 6.3 Fail
0.74 0.25 7.4 Fail 0.62 0.16 6.2 Fail

T T
@ =

A15199 4.5 M131eRanITVIRdeY Dielectric Withstand (Hi-pot) Wwuu AC Hi-pot A399 1

4.3.2 msvadau Dielectric Withstand (Hi-pot) WUy DC Hi-pot A%sdi 1

AC LINE Neutral Line
Voltage | Current | Dwell Result Voltage | Current | Dwell Result
(kvDQ) (mA) (s) (kVDC) {(mA) (s)
0.64 0.2 6.4 Fail 0.57 0.11 Al Fail
0.64 0.21 6.4 Fail 0.58 Qg 5.8 Fail
0.62 Qo3 6.2 Fail 0.56 0.11 5.6 Fail

ANT197 4.6 ANSINENSVAADY Dielectric Withstand (Hi-pot) wuu DC Hi-pot Ase7 1

waneme : wisanvihnsidluveialaens Soldering Tl iluiiil Soldering agfiesuu
= v = J = v oa =
Pad #isimsnsitiedse waviinausutlasiuuinuga@ss

4.3.3 Mvaasu Dielectric Withstand (Hi-pot) Guu AC Hi-pot A%l 2

AC LINE Neutral Line
Voltage | Current | Dwell | Result Voltage Current | Dwell Result
(kvDCO) (mA) (s) (kvDQ) (mA) (s)
1.4 0.24 60 Pass 1.4 it 60 Pass
1.4 0.27 60 Pass 1.4 0.11 60 Pass
14 0.23 60 Pass 1.4 0.1 60 Pass

A9971 4.7 M13HANISVIAdeU Dielectric Withstand (Hi-pot) uu AC Hi-pot Asad 2
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4.3.4 mnadou Dielectric Withstand (Hi-pot) wuu DC Hi-pot a%ait 2

AC LINE Neutral Line
Voltage | Current | Dwell | Result Voltage Current | Dwell | Result
(kvDQ) (mA) (s) (kvDQ) (mA) (s)
2:1 0.18 60 Pass 2.1 0.1 60 Pass
2.1 0.19 60 Pass 2.1 0.11 60 Pass
2.1 0.17 60 Pass 2.1 0.12 60 Pass

A5191 4.8 M519maNIIVAABU Dielectric Withstand (Hi-pot) wuu DC Hi-pot ASIT 2

4.3.5 MvAgau Ground Continuity

Position Resistance Resistance | Position Resistance Resistance
of from of GND of from of GND

chassis measurement (Ohm) chassis measurement (Ohm)

(Ohm) (Ohm)

1 0.3 =0 15 0.3 =0
2 0.3 B 0 16 0.3 ~ 0
3 0.3 =0 A 0.3 = 0
q 0.3 % 0 18 0.3 ~ 0
5 0.3 = 0 19 0.3 ~ 0
6 0.3 =0 20 0.3 = 0
7 0.3 =0 21 0.3 ~ 0
8 0.3 = 0 22 0.3 =~ (
9 0.3 =0 Z 0.3 ~ 0
10 0.3 =0 24 0.3 ~ 0
11 0.3 =0 i 0.3 ~ 0
12 0.3 =0 26 0.3 = 0
13 0.3 =0 27 0.3 =0
14 0.3 =0 28 0.3 =0

A7 4.9 AN5NANIINAABY Ground Continuity
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(2220 SERIES)

IPC-2221
GENERIC DESIGN

IPC-2222 IPC-2223 IPC-2224 IPC-2225 IPC-2226
RIGID FLEX PCMCIA . MCM-L HDIS

FOREWORD

This standard is intended to provide information on the generic requirements for organic printed board design. All aspects
and details of the design requirements are addressed to the extent that they can be applied to the broad spectrum of those
designs that use organic materials or organic materials in combination with inorganic materials (metal, glass, ceramic, etc.)
to provide the structure for mounting and interconnecting electronic, electromechanical, and mechanical components. It is
crucial that a decision pertaining to the choice of product types be made as early as possible. Once a component mounting
and interconnecting technology has been selected the user should obtain the sectional document that provides the specific
focus on the chosen technology.

It may be more effective to consider alternative printed board construction types for the product being designed. As an
example the application of a rigid-flex printed wiring board may be more cost or performance effective than using multiple
printed wiring boards, connectors and cables.

IPC’s documentation strategy is to provide distinct documents that focus on specific aspect of electronic packaging issues.
In this regard document sets are used to provide the total information related to a particular electronic packaging topic. A
document set is identified by a four digit number that ends in zero (0).

Included in the set is the generic information which is contained in the first document of the set and identified by the four
digit set number. The generic standard is supplemented by one or many sectional documents each of which provide specific
focus on one aspect of the topic or the technology selected. The user needs, as a minimum, the generic design document,
the sectional of the chosen technology. and the engineering description of the final product.

As technology changes specific focus standards will be updated. or new focus standards added to the document set. The IPC
invites input on the effectiveness of the documentation and encourages user response through completion of *“Suggestions
for Improvement” forms located at the end of each document.
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IPC-2221A

Generic Standard on Printed Board Design

1 SCOPE

This standard establishes the generic requirements for the
design of organic printed boards and other forms of com-
ponent mounting or interconnecting structures. The organic
materials may be homogeneous. reinforced, or used in
combination with inorganic materials; the interconnections
may be single. double. or multilayered.

1.1 Purpose The requirements contained herein are
intended to establish design principles and recommenda-
tions that shall be used in conjunction with the detailed
requirements of a specific interconnecting structure sec-
tional standard (sce 1.2) to produce detailed designs
intended to mount and attach passive and active compo-
nents. This standard is not intended for use as a perfor-
mance specification for finished boards nor as an accep-
tance document for electronic assemblies. For aceeptability
requirements of electronic assemblies, see [PC/EIA-J-STD-
001 and IPC-A-610.

The components may be through-hole, surface mount, fine
pitch, ultra-fine pitch, array mounting or unpackaged bare
die. The materials may be any combination able to perform
the physical, thermal, environmental, and electronic func-
tion.

1.2 Documentation Hierarchy This standard identifies
the generic physical design principles, and is supplemented
by various sectional documents that provide details and
sharper focus on specific aspects of printed board technol-
ogy. Examples are:

IPC-2222 Rigid organic printed board structure design

IPC-2223 Flexible printed board structure design

IPC-2224  Organic, PC card format, printed board struc-
ture design

IPC-2225 Organic, MCM-L, printed board structure
design

IPC-2226 High Density Interconnect (HDI) structure
design

[PC-2227 Embedded Passive Devices printed board
design (In Process)

The list is a partial summary and is not inherently a part of
this generic standard. The documents are a part of the PCB
Design Document Set which is identified as IPC-2220. The
number 1PC-2220 is for ordering purposes only and will
include all documents which are a part of the set, whether
released or in-process proposal format at the time the order
is placed.

1.3 Presentation All dimensions and tolerances in this
standard are expressed in hard SI (metric) units and paren-

thetical soft imperial (inch) units. Users of this and the cor-
responding performance and qualification specifications are
expected to use metric dimensions.

1.4 Interpretation ““Shall,” the imperative form of the
verb, is used throughout this standard whenever a require-
ment is intended to express a provision that is mandatory.
Deviation from a “shall” requirement may be considered if
suflicient data is supplied to justify the exception.

The words “should”™ and “may” are used whenever it is
necessary (o express nonmandatory provisions. “Will” is
used to express a declaration of purpose.

To assist the reader, the word “shall” is presented in bold
characters.

1.5 Definition of Terms The definition of all terms used
herein shall be as specified in IPC-T-50.

1.6 Classification of Products This standard recognizes
that rigid printed boards and printed board assemblies are
subject to classifications by intended end item use. Classi-
fication of producibility is related to complexity of the
design and the precision required to produce the particular
printed board or printed board assembly.

Any producibility level or producibility design characteris-
tic may be applied to any end-product equipment category.
Therefore, a high-reliability product designated as Class
*37 (see 1.6.2), could require level “A™ design complexity
(preferred producibility) for many of the attributes of the
printed board or printed board assembly (see 1.6.3).

1.6.1 Board Type This standard provides design infor-
mation for different board types. Board types vary per tech-
nology and are thus classified in the design sectionals.

1.6.2 Performance Classes Three general end-product
classes have been established to reflect progressive
increases in sophistication, functional performance require-
ments and testing/inspection frequency. It should be recog-
nized that there may be an overlap of equipment between
classes. The printed board user has the responsibility to
determine the class to which his product belongs. The con-
tract shall specify the performance class required and indi-
cate any exceptions to specific parameters, where appropri-
ate.

Class 1 General Electronic Products Includes consumer
products. some computer and computer peripherals, as well
as general military hardware suitable for applications
where cosmetic imperfections are not important and the

1
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Generic Standard on Printed Board Design

1 SCOPE

This standard establishes the generic requirements for the design of organic printed boards and other forms of component
mounting or interconnecting structures, including PC card form factors. The organic materials may be homogeneous, rein-
forced, or used in combination with inorganic materials; the interconnections may be single, double, or multilayered.

1.1 Purpose The requirements contained herein are intended to establish design principles and recommendations that shall
be used in conjunction with the detailed requirements of a specific interconnecting structure sectional standard (see 1.2) to
produce detailed designs intended to mount and connect components. This standard is not intended for use as a performance
specification for finished printed boards nor as an acceptance document for electronic assemblies.

1.2 Documentation Hierarchy This standard identifics generic physical design principles, and is supplemented by various
sectional standards that provide sharper focus on specific aspects of printed board technology. These include:

IPC-2222 Rigid organic printed board design

IPC-2223 Flexible printed board design

IPC-2225 Organic, MCM-L., printed board design

IPC-2226 High Density Interconnect (HDI) printed board design

The documents are a part of the Family of Design Doeuments which is identified as IPC-2220. The number IPC-2220 is for
ordering purposes only and includes this standard and the’four listed above.

Note: IPC-2224, a sectional design standard for PC card form factors, was caneelled by the IPC. Relevant PC form factor
design information has been transterred to-this revision of IPC-2221 and to IPC-2222.

1.3 Presentation All dimensions and tolerances in this standard are ‘expressed in hard SI (metric) units and parenthetical
soft imperial (inch) units. Users of this standard are expected to use metric dimensions: All dimensions greater than or equal
to 0.1 mm [0.0039 in] will be expressed in millimeters and inches. All dimensions less! than 0.1 mm [0.0039 in] will be
expressed in micrometers and microinches.

1.8.1 Dimensional Units The following is taken'from National Institute of Standards and Technology - Metric Informa-
tion and Conversions; “Beginning January 1, 2010, the European Union Council Directive 80/181/EEC (Metric Directive)
allowed the use of only metric units, and prohibited the use of any othér measurements for most products sold in the Euro-
pean Union (EU). The Metric Directive made the sole use of metric units obligatory inall aspects of life in the European
Union, extending to areas such as product literature: and” advertising.”

Most component datasheets are provided in metric units: Many printed board designers spend a lot of time converting
between imperial (inch) and SI (metric). Round-off errors, when converting ‘units, can'result in inaccuracies that result in
marginal or failed designs. However, the printed board fabrication vendors often default to imperial units. Electronic Com-
puter Aided Design (ECAD) tools accommodate both metric and imperial library components being placed on the same
printed board because dimensional precision is large enough to deseribe most standard components accurately.

Problems arise when importing information from third party software or trying to mix units during printed board layout. For
example, if a portion of the printed board design is an imported Drawing Exchange Format (DXF) file with metric units
that needs to interface with a digital portion done in imperial units, a problem can occur where the data from the two grids
are mixed. Unlike importing from libraries, a conversion to printed board units is not always done when importing DXF.

While a user can convert printed board units from metric to imperial in modern day tools without problems, this should not
be done too often during the design phase as repeated conversions can introduce unexpected errors, A single set of units
should be used in the layout of the printed board. If imported data is in metric units, the layout portion of the process should
use metric units. Once the layout is complete and verified, the designer can convert the printed board to imperial units for
documentation, if nccessary.

1.4 Interpretation “Shall,” the imperative form of the verb, is used throughout this standard whenever a requirement is
intended to express a provision that is mandatory. Deviation from a “shall* requirement may be considered if sufficient data
is supplied to justify the exception.






