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ABSTRACT

This thesis presents a study and design of DC-DC converter (boost
converter) connected to photovoltaic panel for achieving -high performance. The
control of the input and output voltage from converter circuit is based on a negative
feedback control to adjust the duty cycle of PWM signal created by 16F877
microcontroller and fed to electrical load. Electromagnetic compatibility (EMC) is taken
into account for converter design. EM! filter is also carried out and inserted in the
system in order to attenuate the electromagnetic noise generated by the switching
devices of the converter. The level of reduced EMI is finally conformed to the applied

EMC standard, which is herein EN 55022 Class B.
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HeunaauANAINg (Energy in the radio frequency range) T ndundsuuaimininiiy

i - - - ¢ = - - ‘< =l 3 =
figumud 9 AlawBsmd s 3000 Invidsnd laeligausyasd lun1seenuinsgiu iive

o o al 1 - Ad o as OI ~I L as
AvuAn1sYinuvesiadsdyeyia (transmitters) Aflidsluven@slilasuluoygin Tuns
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= 5 P B 4 -4 a‘ - a 1 J ]
AnRa (radio station license) uaziaAIVANTYYIUTUNIU MAAIINAIRUAINIZAING

1 - 1 2/ Jq A " % o .
nizwumam'smmmaﬁamsmam’mmmq (radio communications) gunsunInea (digital
electronics)

& o &
nineglumneil

2.2.3.2 CISPR

CISPR 811970 International Special Committee on Radio Interference
('?fdmmnﬁ’n.ﬁu'lun'lmﬂ%"amaﬁa Comité | international special des perturbations
adioélectriques iiptulul w.a. 2476 ilemiinisinuasdnsaiaveamssunulughuanud
ngdmiuunnni vawqusena hhuesgou AsPR aimivadldlnedavinduninsgiu
Yoy dnfuusiastsuma Ussnalyeldinnnsgud anuduld wWisnasgiuve sy
dosaing nannsuuansgiu QISPR 15 wwinuUasldnuunsgiy CISPR wan wu CISPR
Publication - 22gnimuatiuiitenismunsdygnsunuiiisitasivuiusivalulad
asauma (information  Technology ~ Equipment) - Semuneiagunsainavia  (digital
electronics) atulul wa. 2528 wammfunats Usymialsitnnasgusnanuuld
Wusasgulsydaimnd  (national - standard) 87 Usswimdduldeansnnsgiu Vel
(Voluntary Control Council for Interference by Information Technology Equipment) lag

MHiduTndfinnu CISPR Publication 22 Vuitsausiussiulwiiteuunsgnyeaey (EUT)

1 @ A 4 as as 1 s « ¥
wuanaeiu laeh VCal ‘03WﬂﬁﬂUVlLﬁ§ﬂUﬁ'mL‘f]ﬁ‘ﬂi)ﬁﬁ]']gﬂﬂﬂﬂimL‘Vﬂﬂ‘U 100 T'Jamflumu

2.2.3.3 103§ un1enN15us (Military Standards)

MIL-STD-4618 waz MIL-STD-462 iuanmsgiuiiean Tnemiievnanisnms
vosUssimAaniewin Taofl MIL-STD-2618 fmusidudadaia (Limit) wae MIL-STD-462

o QIJ’ el ar 1 -l = 2/ @ 1
WNUAUATUADULLALITNITVNATDU UINITFTIUAINGTT WUINLATLUAUATLVUTUNI FCC w3
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1AsEIU Aendfiensants “anudeulmsedyaiusumuuimaniwil (Susceptibility)”

] nlJn ar v 1 - - - €
LAZEIUAIIUDNRITUNTINIININE (30 LBSHY — 40 IneiFING)

2.2.3.4 WASFIUREANMIIQAAMNTTY (WBN.)

o o a ¥ e v i Q. Vel o
Tughuifeadestuanudriuldmaimininidmiuusenalnglaiin
WnsgIuunYR (EC) snuiuldiliunasgrunmelulsamasgadumensaaued w.a.2541

Togladinsunuiuuauily CISPR15 wae CISPR 224 Jumansgrulneumilaun uen.1955-

€ 1 ' s as @ et

- el - 4=I L d =3 el"
2542 (U3fueidesainauasuidueineaeiu: Indriadyyinsuniving) Fuduuinsgiu

L

Uaduld waz wen.1956-2542 (Uidnusinaluladarsaume: adrnadggyrusuniuine)
wnsgrunuainulinimdninidnivusane ing Suuameuaglaiunsgiu
suanuniulaviswiwanininves 1EC (Interational Electrotechnical Commission)

WuaiansnaaauA 1 udsnanasuildlaseamiulseniAnsensas

a &

o - d
gaamNssu IagdinUNIRSEIUNERTU gnamnssd (d18) A1519R 2.2 ajdunsgiu

3

ng s lgumumM Uiy IMIUNA BT ALAZ QA AR ARy
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= @ '
M13NN 2.2 1esgudygisuniunawimaniy

International Regulations Summary

(Emissions)

CISPR FCC En’s Description

11 Part 18 EN 55011 Industrial, Scientific and Medical

12 (SAE) Automotives

15 Part 15 EN'55013 Broadcast Receivers

14 EN 55014 Household Appliances/tools

15 EN 55015 Fluorescent lights/luminaries

16 Measurement apparatus/methods

22 Part 15 EN 55022 Information technology equipment
EN 50081-1,2 | Generic emissions standards

“*msnaaesludiygrinusavulavliunnsgiu EN 55022 class b iluiisnade

a vas o ' Py
Weannlnsunsesnwuuiielganumeluiu/annedy

A Ay i siuualind datarinsgud s udlgNsUNIUNN

' o ol d ' v o a ar - - -
wimdnlwimmeinihfingydn desnssaianseuadygiusunu (Noise current) 7iin
ndduArueanI MW (AC power cord) Wiy Wazaniuazsauiuegidu

i - . . . IJ ar 4

ngunyasauaeluin (Common power distribution system) Faluaniazfananing
wWisuiaiieuduiluareomeavuislng (Antenna) Wunaviinseuadygrusuniuaiunge

| a | v oot o o vay v W )
wenszasuasiianssumuseszuulnesula Gansgrunidmunlidladunmsiudseiun

v ool & Pn v oa Vo= - e v
duAridunvegeudusrlineliiinnissuniuudimaniniy iseusiuniseaniunie

s

o) 1 s 1 A o
Wiamsaiedygrusunuwiviniiihvesduddinanideglunusifsensuls
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2.2.3.5 un5§1u EN 55022 Information technology equipment (ITE)

wnasguiarisaulutianuiing 9 KHz s 400 GHz Tasudseanidu 2
class shefufe Class b IfSunsesnuuuiiieldmumeludn/iineds ureragnldlu
anminndeuiilllstiu/inedelfituiuwarinsanmiandouneluthu/inended
anmundeniiinsldirdesiudygrainguasinsiimilussesvinn - 10 ARG

- ar « - L2 at { L (s 7 -‘ ar
nandusitanlden uay Class a Wsumsssnuuuiitsldauluanwwndoudilailediu/mnn

v

L4

as s ¥ a w ¢ o s [ | ' -
978y uenanil o9 ldnandue Class a neluthu/dinne dels wienanelmianissuniu

wazg lEeasiiiunnsnrsuileniieane

7 AS— W (X S Y | .
e EN55022 Class A
e EHE5022 Class B
1m b Y e N - -.-.,} .
| nso KHLES dh | L <mwdm"_)
iRy e
80 !- ‘rﬁ \ ‘\ |
3 4 Class A -4:;;3
-\‘;'1 :'. --! -\!
40} & Class B 'X X
‘ F 1 / \\ ) X
20k L‘{lsﬂ m-rz,ss déuv) | l Sacns mv‘“’! Lrsomm.sedawj ]
S N P—— i e et e e e s’
D A ALZ, e
10’ 10
Frequency fHa)

gﬂﬁ 2.10 1M5§1U EN 55022 class a uazclass b
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" 30 MHz 1GHz
s Mmunmeianmnce-qom

45 - : FCC :
: r-- — —

st S CISPR

. W e = e

FIELD STRENGTH (dBuVim)
&

25

| o | o T i o= ‘
10 20 B 50 100 200 300 500 1000

FREQUENCY (MHz)

JUN 2.11 YadnaMsnsEAIen e INIANINLINSEIU CISPR way FCC

NgUil 2,11 Uansindarin (Limit) Asusinssaaev1senIA (Radiated
Emission) m1uu1915§71 CISPR Way FCC FeosUsznouieNARNm 2 Class o

- Class A Ao Tasindwiundadueinldlugaamnssu (ndustrial use)

- Class B dm3ulfluiiagerde (Residence use)

YAINANTIVUATDY Class A %ﬁwuﬂ'lﬁé'zgm’umsumulﬁgan*h'[uﬁa%imﬁu
iasnnuneniifingid Lﬂ%‘aﬁniuazﬂuﬁag'luqmmmssmﬁuﬂu’a’ﬂﬁmuﬁmmwﬁmsagq

i A 1 = s A i as o YV oas
niluiiegerdonasninimel  aulunegerdedavinnsgiu  CISPR. mwuninausilvideysy o

sumulatiosnia FCC

1 = al H
2.2.4 YA NUN VLYY IUTUNIUNIIMAN AN

Tagmalunmssunmumeuimdniiihuiinsdwunldvarszuuuy fonaay
kol 1 1 4 ar 4 A - 1 J =
Tdmsudsmudeanud duwanslugui 2.23 WeResanlugaemud 0 Hz Saszunw 2 kHz
o I I i =] a e 4 ada < ar 4 3 o 4
srdnagludrunissuniumsiimdniviauddmiendeniienduii ensueiind
- - ] Voo a [ a - -3
(Harmonics) Faavdamalvidyqrnguaiuuseiulnitluszuuiannuiadsulyandygiu

Toduaziiupugadeluszuulnig



22

1 1 1
1 1 1
1 1 1
mssumuEuRNRLde : :mmmunrmsi’qi'l: NITUHNTERENNRIMA
(ACOUSTIC NOISE) : " (rruding) i (RADIATED
I I (CONDUCTED RADIO |  DISTURBANCE)
I | FREQUENCY !
: : DISTURBANCE) :
[ 1 I
1 1 1
i 1 1
I 1 1

__LGHZ 50Hz 1250 Hz 2 KHz 20 KHz 150 S 300 1 GHz
1 NN

doutiesveeminelin - mineiln AyanmsunIuNN AYQIUTUNIUIIN
RUBIARNONG /)ming * UussBmAY + sniling

- -
+ Bunefined * 1AsRtaNlnvh

—— e — -
- -

=i | < '
JUM 2.12 faspnmdvasmssumuniswimaniii

Tugiasa90d 20 kHz fa 150 kHz Jaqtuddhisaddullasmnmaimnssui
dosuflufersuraudriulimandmintuil wilyurunasgiussivununmiuieatuld
L‘%'wumEJEifmmmf'imaammiﬂg'mﬂiamthummﬁ'luzhuiﬁaﬁqﬁmwﬁzyzmmiumuma
wiman i ue

Tggasamuiveanissuniumsuingnlud wag"l.uﬂwmmﬁé?uﬁ 150
KHz @4 1 GHz uazfultuennasiiansantrsnanudoondiuen 2 411 e fiTaseuiinous
150 KHz fla 30 MHz agRa1sanindudygyrusunmuustimdnlniviaissn (Conducted
EMI) uaziivaennudinaus 30 MHz fa 1 GHz siansanindudyarusuniuwiménlnih
1991717 (Radiated EMI) %‘aﬁ%amaﬂuvuﬁw’l-ﬁ"}%‘mﬁmﬁsﬁuaﬁ%mi"}”ﬂﬁmmﬂmumu

wdmdninhnldmieudiu awlunisundgymeniuetndwionisunluiiusenaumasluszuy

Inshmdslalensundgymdyausunmumausimaniniusedisla
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2.2.5 1EUMIMSUNINSZABVBF Y I TUNLMWIMAN WA

FygrusununnudmaniWiiamisadouniainunani dnday ey
sUN2u (EMI Source) 61ufanans (Coupling) ludamasunanseny (Receptor) lasaeiu 5

sULUU Faguil 2.11

i
: —'. o W
o Ve A
4
1
unasiiin “unsedu
Aryanusunau RN A ¢ oA e HAMETUNIY
(EMI SOURECE) XN 4 I Y (RECEPTER)
- )
| Wl A
AR A M
@ k 3
| =3
e o+ @, \L ¥ A
| I ;
’ e MU 27 T /NG AR B U TEEAS. :

_— . S— - e —— i —————— e et —

@t (POWER LINE)

JUR 2,13 UnuumssunIumusind i ©

L4

4 - as ] e =i
NNFUA 213 erannsoesuiednuaenssunmsudvanivilanad

I [ = e 1 A ] =1 ] @ e
1. unasnuladygasunauurnssaneaduudmantiialneniunisonialudeiasu
wansenulanse (Radiated emission)

' o = ar 1 o 1 3 1 s
2. wyasnuadygyiusuniuuknszateadutivaniniilassiiunisoinialideane

o e/

NnhAds, anedygin visaumuAunWoursagiumsuNansEny lasaedni

L

s ' & @ o e - o o
aananagiluditdygasunmuniiniuld

L .

INUNANTENU (Indirect conducted
emission)
al o o @ a - A dl 1 I as 1 o - ar
3. ANIUINTEN, mﬂan‘;cmm ﬁiﬂﬁ']ﬁ]ﬂ’ll]f‘]lmL‘UEJJJWE}E)QWULL%HQH‘HHG\H(U[’Q"INSUﬂ"J‘N

s L) d 1] s o as » - - .
Wumuknszaerduwtimdniiludsisunansevu (Indirect radiated emission)
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a ' a a a B ey Ay i @ a a
4. Fygrasunmuudvdniwihiiiennuwasiidedygrusunudmansy W Ugasy
1 Qs o o s L - A 4‘ i = L2
nansznulasrunsaieainiigs, aedygyin visaremuauii@aunanany
(Conducted emission)
@ i -3 o @ o o & o = P
5. dyrasunaumnwiwdninitegluaiedniing, aedygiu vieaeauauin
\Wauseagiuunasinlindyyisuniumiisniludmedniiig, aedyyiu

- - i 1w e e < SE e
WIDANYAIUANNIYBUADDYNUMTUNANTENY (Semi conducted emission)

2.2.6 msiindgygyrasunauluaitluluuanasau (Common mode Interference: CM)

dryusumululnianasiuasfitnsannisivavesdugansenininguves

3
ar

fhfunsmdvsenguitidudushensds Tumsiedyaausuniululnaawasiuiiaziien
. $ 2 a Y ! e v ¥ oa
\iudszquel (Parasitic capacitor: Ce) tUutdum A uvasdgnnillgninindaiudisnds

vowisanedeaa (Line) Wagamptoundu (Neutral) faguil 2.14

Chassis

TAY (AVAN (aV N
PL AR - e X 2 ¥ . S 7~ A}' ------------
. VRS 4
(72
- “ '
g .7

- —— -

Chassis Ground

o & a as 1
JUN 2.14 dumaiuvesdygusunadlulnuanasin ©
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2.2.7 maiadygrnsunauludnirluluuanasie (Differential mode Interference:

DM)

dyrusunululnuananiainennisynauvenesdiannseling lu
dynrnuninviesuraudyayuvewswiuluaasien lnsdygrasuniussiiniafures
NSEUANS DUSITUIINUKAIRIIRTUBURULAUTVDI99T (Zepr) VOITAMIaNTEUAIamus Ul
Tnasuazlnanduandunaselneruduiuaudanstoundu (Zgn) vesfimmanssualniln

yusgun 2.15

Chassis

e EEE .-

Chassis Ground
- v - ) i
JUN 2.15 wunnaduvesdeyasunadlulvamnasiiy

2.2.8 NMFINAIUTINUTBIRYYIITUN I

Tunsalavslufia- 1 oa Yseneulumsatalwirfidussdulniwieanslad

A i v - a @ ¢ - a a o
(L), arwlwvhnlidussiulnimieansiinia (N) uazansnsavieasiiu (G) Aagui 2.15
vanunsaaawssau i lulvuenasin (Common mode voltage: Vo) kaziseauluinlu

Tnunnarne (Differential mode voltage: Vo) loineannis (2.9) wag (2.10)

Vi 1V
M 2
Vic=V
Vo =SNG (2.10)

2
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A <5 s 1 1 € L s
Toefl Vi Ao wsesulwihanaseusevninsangladnuansnisin
Vi Ao wsesulnhsnaseusenineanstimsaduaiansnmg

Vi Ao usesuliienaseusyvinsaneladivateiinda

L O
J, Twan
N2 (Loac)
i |
et 5

U 216 H5aslii 1oia @

2.2.9 @mnvasAyIMsUNIUNIaWiManTHRY

=

Taemalunissunimaiaiman iiiidiaaneasainddatianvnanain 3

o . <A ‘J ° L3 ' ar. o es &
Tadewdn fie MmawdstuUasanmsmshnuvetgunsalograviunviule, msislouuudves

=

el ¢ « w -
gunsailiussdusyneunislings uavnaslguuug IINNaTeInIseanLUUaIe 19 TRIgUT

£ il
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10A
g LT AL
e g rmm Component
100 mA 100 dB / gncacy resonances
1
10mA 80dB % H Printed
ImA 60dB : : claym{h““
\ \ ,‘ resonances
xsombans (SN S A AV
10pA  20dB ‘Tm.,.;. L/
1pA  0dB - ==
10 kHz 100 kHz 1 MHz 10 MHz 100 MHz
Typically differential ~_,  }———m= Typically common
mode problems mode problems

d ar -y o L}
JUN 2.17 Spvaiznisiiedeygnusuniuniawinaninih 7

2.2.9.1 frygyanusunuINN WAL ULYAIENIUEAY 919U UNTRIBEN
AN

o e = y ot

= = e i = ¢ = o o o
Tuesdidnnsedndmdainddruiuseneuldmegunsalaindddaiaun

' - ' a w - s ' d
grupudguazneliifianaresdnnnisidsuutaswewussdulriidianat (dv/dt) iige

ar -

Falnaziinludraiuvgainszua (tum off) vesgunsnl uavnaveIdnsIMTIUREULUAY
! . { = P 1 < o L4 =l
nszualwilsoran (diZdt) fige SuineufnlugdasiBuinsvua (tum on) vesgunsal xdl
o L4 4 o ¢ = ] < ' L T L o 19 o = I
waviliguadungunsniaindBalinswasuutatednsiuiivlasay yibiguaiuinnisunds
oy (Ringing). 9 nAudRussynegUadululaue s uisuiulawu
< = - =~ o - o g W 4 o <
AR Mshgunsmiiiniswasuudadlaqlunaiduvinavialiaugevesgund udya i

el

Lﬁﬂ‘lu‘lﬂmummnumz;iahlﬁ'ha
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Amplitude

Amnplitude

Ly
>

i

”‘l"nlm..h._

- d ada ' o -
3UM 2.18 Aduiliian1sundsuasdygalulausunaiaziawuaiug ©

suhlugnmsindynusuniuibifsUssasalunasdidnmsotindfdsdaua
2V a - -1 o o) af 'J 1
TiammiafisuniensirnudndesvesigunsaliosavgunsalBugluseasiie 1wy ms
- o as o J A U o =4 !
WndyausunaunansmiNideusenuaeysysiunioeaeswinsvaredynusuniu

Wnemeasunaumsyiueesgunsaisaluszuuld wu tusestaataddidnmseind,

BuUeIWes wavunasaIngte Wusu

ar <
2.2.9.2 dysyrausunuainnmssiguuuduasgunsaliiluesdusznounisluneas
v 2/ = | s s P~ o s
lngvilludadBuiuauduasdisnumiy, dwmilend uagduiulsey segn

= e - & - 17 a0 w1 A’
dgunflanuaugnilududuy waziaseneluie
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A @ W v
'[unimmﬂummumu

Vv
Z=—=R (2.11)
/
Tunsaiidusmidoni
Vieiae
Z=—=jomfl 2.12)
/
Tunsdbuiuiuysyy
Vv 1
/ j271'fC
|21/ &,
100 k-
m\':-tu-r.ﬁ-r_ /,,
1k}
(13
4
i
[
14
UL SR :
lu,(’l-i-lbn-u-r 3 . \\
n e : L

Wop Im l0w lm 1T 10 WA 1K TOK
£11

d - - L3 -
3UN 2,19 duiuauduesgunsnilugauad

-

nl -t =l ot o « o
INAUNITN (2.11) 049 (2.13) @150 VYUNTINUAAIANIUAUNUTVDIDUN

& s A ‘JU s 1 - - ‘l“ d 1

waudvesgunsailugauadladagun 2.19 Taefidadunusdaduiuaudasiiynaud @
- o -l s - € o al -l ' L -

Auwminhezlifduiuaudinunuaud wavaanagiiheslisduiuaudanasie

4 : s - - ] ..; d L J o i/
AN dmiunishiansanuuugauafiniy Wegunsalivarigniunldeuluanns

e - ar ' I ] o v o a1
MUSe aumsdananliamsmhunldnuaseupgulunnnsdls ewnediAipiu

b wak o ] - o Sy
AUNTULEN (Parasitic resistance: Rp), AA2uMtieUILNa (Parasitic inductance: Lp) waz
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! e ; v a4 v | | e
AnuiuUszquel (Parasitic capacitance: Co) Wwniieates Ineduvarilazamnsadaiia
v a ' - o | i W - v I~ o 1 -
1ﬂ“7ﬂﬂﬂ'ﬁm"’uﬂ'~lu’ﬂ')'\uﬂﬂ’luﬂ‘ﬂSiuﬁquqiﬂﬂﬂﬂ\ﬂﬂLtﬂzlf&lalnﬂ-LUﬂ'ﬁVI’N'\UfJ']Uﬂ'nuﬂqq .lU
Lo n‘i’ 1 - dd a - s L1 " ¥ ol
W']'Uﬂuasﬂa']')ﬂﬁﬂqflllﬂﬂLﬂﬂ%qﬂn'l'iﬂaa‘éﬂLﬂﬂﬂ']ﬂ‘[uﬂ']‘lfBQQUﬂsm (Self-oscillation) Niua

1 1 = - L 1 A H‘:’
sofduRLauduaIgUnsaluazdygInsunIunwimanlwiasruitueg

ANUNIU
I;, R
R o———f\fm-IVW——n
Yy Cp
—

i o)
A o L 5
3UM 2.20 uwuudrassdanuniu

ar - af J o =
(n) Fasmulugnuak (v) Fshumuimfinnsgayde

‘J ° a Vv : ' -
N3V 2.30 (@) Wunsisesndumiluvasildauluguanuig: 3
¢ v as = ' = ' o a i
psrUsvnouazhilatsneulUmedmumulfisadindos unsedidanisniwelsooynsy
wazdidiivusyqudwiruusinegany Seallnaldrdufuaudsmmesifiuniuiled

Wasuuasluatnaunsit (2:11) Huaunisit (2.14)

A= : (2.14)
) =27
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L L
-oa a1 =

v Aal i ¢ o o 0 . v et - =
W'IUW’IUV‘U?’I']E]JJWU-ﬂu‘lif‘nﬂﬂ’l']JJIWI'IQS:Jﬂ'lQQTJUﬂauuﬂ'JQQﬁﬂaQlnaﬂ'ﬂuﬂ?ﬁﬂu



31

121/,
100

1ok}

p -+ i L A i X i J
fdp Im 10m Wam | wooee 1k 10k
FiiA

i & W f ' aooa « a8 ar =l
E‘U'ﬂ 2.21 ANMUAUNUSTEWINDUNUAUTUDIAINIUNAUNUAIIUN

o a °
ALNRUBIUN
Ry
N
L ok Ry
Cp
IL

i W)
d o at ﬂJ [}
31."“ 2.22 LUuaaamInueun

s ﬂ‘l - @ d o ﬂ‘ o -
(M) sraniiealugeanaf () FAAULIUIIAANTEEYLAY
' o d i o 3 L
Tugunasinaunautgelinfusy neUIIResFIAm IR U IUANLA BN
| v o8 9va - v
nmsgadslunnu R, uazmaMudimmaunvibiiasegaydoiie wwinaudimuniely
W 0 o v ' v ' ' o a 4:
NhazgninassieAmuMUENYaseaunsy Rs AN iiuds C, Miintuntelu

o 4 L] Y1 oa - L s s d -3 1 ﬂi A
frmdeni dualiardufiuaudsinvonmisnihianUdsuudasluainaunisi (2.12) Wu

aunsi (2.15)

= (2.15)



32

121/
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i
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Voltage Control
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lulasroulnsiaas PIC16F877

MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

= PIC16FBT6
= PIC16FBT7

+ PIC16F873
+ PIC16FB74

Microcontroller Core Features:

+ High performance RISC CPU

« Only 35 single word Instruetions to learn

All single cycle instriictions except for program

branches whichare twa cycle

Operating speed: DC - 20 MHz-clock Input
DC-200-ns.instructioncyele

Up to BK x 14 words.of FLASH Program Memory.

Upto 368 x B bytes of Data Memory (RAM)

Up to 256 x 8 bytes of EEPROM Data Mem ory

Pinout compativle ta the PICTECT3B1T4B/16/77

Interrupt capabiiity (up to 14 sources)

Eigntlevel deep hardware stack

= Direct, indirect and relative addressing modes

Power-on Reset (POR}

Power-up Timer (PWRT) and

Osciliator Start-up Timer [OST)

Watchdog Timer (WDT) with its own on-chip RC

oscillator for reliable aperation

Programmable = ode protection

Power saving SLEEP mode

Selectable oscillater options

Low power high speed CMOS FLASHIEEPROM

technalagy

Fully static design

In-Gircuit Serial Pragramming™ {ICSP)via two

ping

gingle 5 in-Circuit Serial Progeamming capabiitty

In-Circtit Debagging via twa pins

Processarread/write access to-program memory

Wide operating voltage range: 2.0Vto 55V

High SinkiSource Current. 25 mA

Commergial Industrial- and Extended temperature

ranges

Low-power consumption:

- < 0.6 mA typical @ 3V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 A typical standby current

Pin Diagram
PDIP
TN —e[] 1 Uow [] s RE?PGO
RANAND w—ee[] 2 % []w—e RBOPOC
RAUANT «—e[] 3 38 []«—s= RES
REQANI VW~ wg—an[] 4 37 [ =—a R4
RANANINVm+ w—a[] & 38 [] bte REIPOM
RANTIOK w8 35 [] w—w RE2
RAZANYES »—e[]7 . == RE1
REQRD/ANS m—a[] 8 P~ 23 []=—= REONT
REVWNAMANE w—e[] 0 R phe—w
RETTANT w—e-[] © E 31 [ -— voe
(ye——"g P P w[e—s momser
Voo [ 02 ) 20 [] = RDAPSPE
OSEVEUN e 13 Fy 20 [ e ROGPSPE
O5C2CLKOUT w—1] W = 27 [] e RD4PSP4
REUTIOSONTICK w—a[] 18 o 26 [] =—a= ROPRUDT
RCUTIOSUCCP2 w—e[] 8 25 [] -t RESTNTK
RCUCEPT w—w[] 17 24 [] = REO/SDO
REuSCHSCL w—e[] 18 23 [ w—w RCASOUSDA
ROOPSPY —ae[| W 22 [] =—a RDIPSFY
RDUPSP) w—a[] 0 21 [] bt RO2PSPT
Peripheral Features:

Tim eT0: 8-bit tim erfcounterwith B-bit prescaler
Timert:. 16-bit tim ér/counter with préscaler,

can be Incremented during SLEEP wia external
crystal/tiock

TimerZ 8-bitmericounter with 8-bit period
fagister, prescalér ang postscaler

Two Capture, Compare, PWM modules

- Capture Is_16-bit. max . resolution Is 12:5 ns

- Compare is 16-bit, max_ resolution is 200 ns

< PWM/max. resolution s 10-bit

10-bit multi-channel Analog-to-Digital tanverter
Synchrongus Serial Port (SSP)with SPI (Master
mode) and 12C™ (Master/Slave)

Universal Synchronous Asynehronous Receiver
Transmitter (USART/SCH) with 3-bit address
detection

Paralle! Ei_la;:ag_:grt (PSP) 8-bits wide, with
extenal RD. WR and CS controls (40/44-pin only)
Brown-out detection gircuitry for

Brown-out Reset (EOR)

.

-

© 1898-2013 Microchip Technelogy Inc
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PIC16F87X

Pin Diagrams

RCIRXDT =3

PDIP, SOIC
ACTRee—= "1 28] =+RE7TAGD
RAgiANg=—=[] 2 27[] ++>RBEFGC
ravant ==L 3 26[] == res
RAZAN2REr. -—s[] 4 25[] == rEs
RA3ANItRers =[] 5 24[] == ROIPGM
rRasmocki=+—+=L] & 4 23[] =-=rE2
RASIANSSS =[] 7 E 2] =>ra1
vas—=[] & © 21[] =+ rB0ANT
oscikikin—=[] @ O 20[] =—von
oscaciKouT=—[]10 T 190 w-— s
RCOM10SOMICK == [11 18[] = RCTRXDT
rREvTIOsicer 2= 12 17[] == ReEmNLCK
Re2ccpt=—=[]13 18] = RCSSDO
RCIBCH/SCL===[]14 = RCA/SDISDA

PLCC

_.. 3 [ &— V55

—e[113 PIC16F8T4 130T rprpser
oscwcwn — ] 14 320} == RDEFPSPE
LHOUT mp [T 45 ll [l = RDSPSPS

SC 2ICLK:
Rconmsomrné -] 1

< T E e 10~
Bolzreelid ShuradRagss
cgefiitesc a3%3p0000s
qrp [TenEREeat s T e ¢
1 g
i
q

© BNy P

391w RAIFGM
3 RE:

1 PIC16F877

RD4PSPY =]
RO5PSP5 == CIM]
ROGPSPE =1L

RoTeser e~CIms  PICIBFBIT ::: o
W == PIC16F8T4 27T« REZANTICS

RBOANT ==X

RS2
REBWPGM =0 11

D8302920-page 2 © 1998-2013 Microchip Technology Inc



uasna IRFP460

Intemational
[xer| Rectifier

PD-9.512B

IRFP460

HEXFET® Power MOSFET

¢ Dynamic dv/dt Rating
* Repetitive Avalanche Rated D
¢ |solated Central Mounting Hole
® Fast Switching

® Ease of Paralleling

® Simple Drive Requirements

VDSS = SOOV

ID = 20A

RDS(OF'I) = 027Q

Description
Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-ndustrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance betwsen pins to
meet the requirements of most safety specifications.

TO-247AC
Absolute Maximum Ratings
! b foargmaler § [ Avioks Max. Units |
lb@ Tc=25°C | Continuous Drain Current, Vgs @ 10V 20 !
Io @ Tc=100°C_| Continuous Drain Current, Ves @ 10V 13 2TA
Iom Pulsed Drain Current © 80 {0 =
Pp @ Tc=25°C | Power Dissipation 280 W
| Linear Derating Factor @ 24 | v J_yvq/:c_
| Vas Gale-lo-Source Voltage TE g +20 o N
Ens Single Pulse Avalanche Energy @ T l__ m
lar | Avalanche Current © 20 A
Ean | Repetitive Avalanche Energy © 5 - o mJ
dv/dt Peak Diode Recovery dv/dt @ 35 Vins
Ti Operating Junction and -55 10 +150
Tsia | Storage Temperature Range A<
| |Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 1bfein (1.1 Nem) ja -
Thermal Resistance
R Parameter S——— Typ. Max. | Units
Rasc | Junction-to-Case [ = — 0.45
Racs __|Case-to-Sink, Flat, GreasedSuface | — | 024 | — | °CW
R Junction-to-Ambient — — 40
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IRFP460

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
ViBrjuss Drain-to-Source Breakdown Voltage 600 | — | — V. 1Ves=0V, lo= 250pA
AVprioss/AT, Breakdown Voltage Temp. Coefficient — | 063 | — | VPC !Reference to 25°C, lp= TmA
Ros(on) Static Drain-to-Source On-Resistance — | — | 027 ] Q Vgs=10V, lp=12A @
Vesany | Gate Threshold Voltage | 20 | — | 40 | V | Vps=Vas, lp= 250pA
o “Forward Transconductance 13 | — | — | S |Vos=50V,lp=12A @
T v
loss Drain-to-Source Leakage Current —— :550 pA 3;":?3\(: zz::g‘é' e
| Gate-to-Source Forward Leakage — | — | 100 - Vgs=20V
Gate-to-Source Reverse Leakage — | — |-100 Ves=-20V
Qq Total Gate Charge —  — | 210 In=20A
Qgs Gate-to-Source Charge = — | 20 | nC |Vpe=400V
Qga Gate-to-Drain ("Miller”) Charge — — | 1o Vas=10V See Fig. 6 and 13 ®
Tdfon) Turn-On Delay Time — 18 — Vop=250V
1 Rise Time — | 59 | — o Ip=20A
| tarotn Turn-Off Delay Time — | 110§ — Rg=4.30
i Fall Time S ) Bl - Rp=130Q_See Figure 10 @
Lo Internal Drain Inductance - } 50§ =i ﬁB me?; 2'?5?’:.') = u
. nH | from package o
Ls Internal Source Inductance - 13 - and center of @
' die contact s
: Cigs Input Capacitance — 4200 | — Vas=0V
Ghsd Output Capacitance { — 870 | — | PF |Vps=25V
(Crua Reverse Transler Capacitance — 350 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Conlinuous Source Current AN QR MOSFET symbol 0
{Body Diode) 4 |showing the
= Pulsed Source Current EEEP 1 %0 integral reverse  ©
(Body Diode) @ T p=n junction diode. is
'Vso Diode Forward Voltage [ = e 18 V | T=25°C, Is=20A, Vgg=0V @
| tie Reverse Recovery Time | — |/'570 | 860 { ns& |T,=25°C, le=20A
Qe Reverse Recovery Charge " — 157 | 86 | uC), |difdt=100Aks &
ton Forward Tum-On Time | Intrinsic turp-on fime is neglegible (tum-on is dominated by Ls+Lp)
Notes:
@ Repetitive rating; pulse width-limited by @ lsp<204, diidts160A/S, VopsV(Br)pss,
max. junction tlemperature (See Figure 11) Tus150°C
@ Vpp=50V, starting T=25°C, L=4.3mH @ Pulse width <300 us; duty cycle s2%.

Rg=25Q, lag=20A (See Figure 12}
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Ip, Drain Current (Amps)

Ip, Drain Current (Amps)

ot ———7
ToR 13w 1
10 i
L
55y B
5 9v|
A4 4. 8V
10! ‘,/
¥
4.5¢
‘ 20us PULSE WIDTH
| To = 259
10°
100 10!

Vps, Drain-to-Source Voltage {volts)

Fig 1. Typical Output Characteristics,

To=25°C

= 1509¢ 75
101
¥ &
I
717
f_7tm
100 VDS = 50v
L = 20us PULSE WIOTH
4 [] ]

Vas, Gate-to-Source Voltage (volis)

Fig 3. Typical Transfer Characteristics

13

108 T?: /’
i |
8 | -
=
= !
= 10d Y
£
=
Q
.% 7
8 .,
o2 /
P !
| 20us PULSE WIDTH
- W] 1o - 1500€
lﬂwo 0
Vps, Drain-to-Source Voltage (volts)
Fig 2. Typical Output Characteristics,
Te=150°C
8 @ ID - 204
g 30
é 2.5 4
o A
8 B 20 :
& 7
Q E /
RE [\
© O L
e <
ce< 7
B g P
[ w L~
g .8
8 VGs = 10V
15

0.0 -
-60 -40 -20 0 20 40 60 B0 100 120 140 160
Ty, Junetion Temperature (°C)

Fig 4. Normalized On-Resistance
Vs. Temperature
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= Ves - OV, f = 1Mz
Cigs = Cgs *+ Cgs Cus SHORTED
ss = “gd
8000 < Coss = Cds * Cgg
N {
c NL T
< s Ciss TT1
LN T
] \ b i \
g m\\ \‘\
g - GﬂSS
Pl \.\ c[ PR 3
0f T55 "'h.,__.-\.\
s A Wi
go“ 10!
Vpg, Drain-to-Source Voltage (volts)

Fig5. Typical Capacitance Vs.
Drain-to-Source Voltage

102

4 A

£ ,

L 4 77

€

£

5

Q

v

g 150C /[

% / /as°c

: / /

(1

s W
ot ¢ VGS = OV
0.5 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Vsp, Source-to-Drain Voltage (volts)

Fig 7. Typical Source-Drain Diode
Forward Voltage

Vgs, Gate-to-Source Voltage (volts)

Ip, Drain Current (Amps)

20 1
3.l Vpg = 400V ]
Ve = 250V 1
¥ Vg = 100V '3‘\
i)
12
V
7
8 v :
s
17
b
SEE FIGUAE 13
% 0 B0 120 60 200
Qg, Total Gate Charge (nC)
Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
3 e e
F==F o5gaa=on 1% “eisowmse ovitiz ——o
Y Y Fns o e,
i W B
3 S8 0
; | | ;
12 -
1 . 1 (- LY
s R N o]
- : b Y Y
- 159, ) N \\
) e b 1 .
al LA ot \ By (8
Af’ j : . e
S + Al ]
4 5 ] X L ‘\\
Te=250C 27 i
4 Tg-asoﬂc NV B
JSINGLE PULSE & 1008
g " LT £ Bogf 2 ORI

Vps, Drain-to-Source Voltage (volts)

Fig8. Maximum Safe Operating Area
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Ip, Drain Current (Amps)

IRFP460

D.UT.
9
Voo

20
15} N
| | Pulse Width < 1us
¥ Duty Factor £ 0.1%
o | \\ 3
| | e 5 Fig 10a. Switching Time Test Circuit
N
B N, Vps
il \ | \
p \ |
; ! | ! |
l [ 10% : : ' =&
| o t i i < L
ozs 50 75 100 125 150 Ves—/i fe j\__'_h__ﬂ.;._}!‘_ S5
Te, Case Temperaturs (°C) toon) b dioth) U
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
= F
" 11 -
. 1 [
¢ (Th 2 ﬂ
; 0.1 poa - M -
2 = - e
8_ b0, 3 - . -
8 ! = !
L et iy |
g aw-u,—"' SINGLE PULSE i I
10" pe.or= (THERMAL RESPONSE) —py T
O S et =0 =0 il
‘ bt
1 TIT NOTES:
+ 1. DUTY FACTOR, D=ti/t2
| [ 2. PEAK T]‘Pw * Zenye * Te
P B 5 :
1078 1074 1072 102 0 1 10

ty, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Vary 1, to obtain Vpg >
required las
2400
ig
.
= o6 ~307TTCM 204
e |
? 1600} \\
o \\ \‘ S
Fig 12a. Unclamped Inductive Test Circuit % i \\
o g
V{BR)BSS % 800 \ \
/ - \\ \‘-. =k
Vs / \ s |00 =S¥ ~
7 \ o5 50 75 100 125 150
/ \‘ Starting T, Junction Temperature(°C)
o — =y =" Fig 12c, Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Ve. Drain Current

Currant Regulator

W RS i
= pF |
Qg ——
g g e g vy vy e E e S - A
)\ OUT. r.Vos
! I Qcs Qap 19
Vas l":L
e amal [
& ¥
Chm Cutrent Csilmpl?m RoBmou
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505

Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information ~ See page 1517 lnternational
Rectifier
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LINNLSIABS LMT7805 uaz LM7810

UTCIM78XX  LINEAR INTEGRATED CIRCUIT

3-TERMINAL 1A POSITIVE
VOLTAGE REGULATOR

DESCRIPTION

The UTC 78XX family is monoBthic fixed voltage
regulator integrated circuit. They are sutabie for
applications that required supply currentup to 1. A,

FEATURES

*Output currentup o 1.5 A

*Fixed output voltage of 5V, BV, 8V, 9V 10V, 12V,
18V .18V and 24V available

*Thermal overioad shutdown protaction

*Shert circuit current limiting

*Output transisfor SOA protection

TEST CIRCUIT.

TO-252

input 2 GND 3. Output

UTC UNISONIC TECHNOLOGIES CO., LTD. f

QW-R101.008.0
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UTCLM78XX LINEAR INTEGRATED CIRCUIT

ABSOLUTE MAXIMUM RATINGS
( Operating temperature range ap__p&: unlass otherwise specified )

PARAMETER SYMBOL RATING UNIT
Input voltaga(for Vo=5~18V) 35 v
ffor Vo=24vV) Vi 40 v
Output Current 1o 1 A
P ower Dissipation PD Internally Limited W
Operating Junction Temperature Range| TorR .20 +150 (e
Storags Temparaturs Range Tste -55 +150 b
UTC LM7805 ELECTRICAL CHARACTERISTICS
(Vi=10V, lo=0.5R, Tj=0°C - 125*C. C1=0.33uF, Co=0.10UF, unless olherwise spacified ulﬁm 1)
PARAMETER SYMBOL TEST CONDITIGNS MIN | TYP | MAX | UNIT
=25 lo=smA - 108 4sof so[sa0] v
Cutput Voktage Vo Vi=1.5V to 20V, 475 25, vV
Jo=5mA= 1.0A PD<15W
Load Regulation AVo Tj=26"C lo=5mA - 1.5A4 50 m
T=75"C 10=0.25A - 0. 76A 2% | mv |
Ling regulation AVo Vi=TV 10 25V Tj=25°C 50 mv
V=75V 1o V. Tj=25"C.lo=1A 50 mv
Quigseant Currant Iq Tkz—?-_c‘ los<1A B0 ma
Quiescent Current Change Mg [VIST 5Viio 20V 19 ] mA
Aty liosSmA - § 08 05 | mA
Output Noisa Voltage Vi 10Hzs=(<=100kHZ a0 gV
Temperature gosficient of Vo AVo/AT  flo=SmA 0.6 mviFC
Rippla P n RR [Vi=BV - 18V =120z TR25°C | 62 | 30 dB
Peak Oulnut Corrent kTR T8 &
Short-Circuft Current e IV=35V. 125 350 mA
Cropout Voltage Va Tie28"C 249 v
UTC LM7808 ELECTRICAL CHARACTERISTICS
fviEaay, m-,:gﬁ%c. 125°C, C120 33uF, Co=0/10F, unless otherwise specinad J(Nols 1)
2 Y TEST CONDITIONS | MIN | TYP [ MAX | UNIT
TE25°C. lo=5mA - 1,08 §76] 6.0 ) 624 v
Output Vaitage Ve VizB5y to M1V, 570 s3] v
fo=5mA - 1.0A, PD<15W
Load Reguiation Avo  [TE25C, los SmA ~4,5A 60 | mw
[1j=25°C 10=0.254 - 0.75A 30 my
Ling regutation AVo [Vi=8V to 26V.T25"C 60 mv
Vi=g.5Y to 29V, TE25C lo=1A 60| mv
Cuiestent Gurant g |TE25°C to=<1A 50| mA
Quisscant Current Change Alg IV1=8.5V 10 21V 1.0 mA
alg lo=5mA -1.0A 0.5 mA
Dulpat Moiss Voltage VN |$0Fze=(<=100kHZ 5 W]
Tam_slralura cot_ﬂ!:hnl ot Vo AVolaT  [lo=5mA -0.7 mvrC
Ripple Rejection RR Vi=0V - 18V, =120H2 TE25"C 54 75 dB

UTC unisoNIC TECHNOLOGIES GO, LTD. -

QW-R101-008.C
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UTCLM78XX  LINEAR INTEGRATED ClRCU!T

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP UNIT
Peak Output Current [ T25C 18 A
Shart-Circuit Current isc Vi=35V, ‘T’F!S'C 250 mA
Dropout Voltage vd TE25C 2.0
UTC LMT7808 ELECTRICAL CHARACTERISTICS
{Vi=1dV, |B=D,SA,IE_D'C - 125*C, C1=0 33uF, Co=01uF, unless olherwise specified j(Note 1)
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
TE25°C, lo=5mA - 1.0A 768 ) 80 | 832 v
Quiput Voltage Ve Vi=10.6V fo 23V, 7.60 8.40 v
lo=EmA - 1 0A, PD1SW
Load Reguiation avo Ti=25"C lo=5mA - 1.5A B0 mv
T[=25C.lo=0.25A - 0.75A 40 v
Lina requlation Ava Vi=10.5Y to 25V T=26°C B mv
Vi=10.5V to 73V, TEE25°C.lo=1A B0 mv
Quisscent Current i 25, 1o=TA 80 | mA
Quigscent Current Changa Alg Vi=10.8V to 23V 1.0 | ma
Alg lo=5mA -1.0A 0.5 mA
Ouitpul Nowse V) Yn 10t 100k 58 W]
| Temperature cosfficiant of V& AValaT [io=5mA -0.9 mvr e
Rippla Rejection RR [Vi=11:5V.10 21.5¥, 56 72 oB
f=120H2, Tj=25°C
Peak Output Current Ipic 25°C 1.8 A
s_hor(-cm:uh Current 15T VEISY, TE25%C 250 mA
Dropout Voltage Va Ti=25C 3 2.0 v
UTC LMT7809 ELECTRICAL CHARACTERISTICS
(VI=15Y, l0=0:5A, Ti=-0C- 125°C, C1=0.33uF, Co=0.1uF, unless othemise specified )(Note 1)
FARANETER SYMBOL TEST CONDITIONS MIN ] TYP | MAX | UNIT
Tg25°C, le=5SmA-1.0A B84] 80 |4935 v
Quiput Voltage Vo Vis11.5V 1o 24V, 855 945 v
To=5mA+ 1.0A PD<15W r
Load Regulation AVo M‘-CJ&SI‘M -1 SA_ 30 v
T 25°C.i0=0.254 - 0.75A 45 mv
Lins rggulstion AVe =115V 035V, 80 mv
25°C. PD<15W
Vi=11.5V to 24V, Tj=25°C, o | nv
lgs=1A
Quiescant Curent Ia TE25°C, lo=<1A 8.0 | mA
Quiescant Cutrént Changs Aalq [Vi=11.5V to 24V 1.0 | mA
. Alq i A = 1. M &3 0.5 mA
Qutput Noiss VoRage Vi TDHz==1<=100KHz 58 N
Temperature caefficient of Vo AVDIAT  [lo=5mA -1.1 myI*C.
Ripple Rejection RR Vi=12.5 10.275Y, 56 72 B
=120 Tj=25C
P eak Dutpul Current [N 18 A
Short-Circuit Qurrent Is¢ VI:35V,T'}=25‘C 250 mA
Dropout Votlge Vi [TE25-C 2.0 Vv
UTC unisonic TECHNOLOGIES €0, LTD. s

QW-R101-000.C
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lalaa MUR1560

O RS eS
FAIRCHILD
SEMICONDUCTOR®

MUR1540, MUR1560, RURP1540, RURP1560

85

15A, 400V - 600V Ultrafast Diodes Features
The MUR 1540, MUR1560. RURP 1540, and RURP 1580 are = Ultrafast with Soft Recovery. . ................ <55ns
ultrafast diodes (t; < 55ns} with soft recovery % : 0
rating Temparature, .. ... c.ccciw vy, 178°C
characteristics. They have a low forward voltage drop and Ope s i
are of planar silicon nitride passivated, ion-implanted, * ReverseVoltageUpto. .. ............,....., 600V
epltaxial construction » Avalanche Energy Rated
These devices are intended for use as energy « Planar Construction
steering/clamping diodes and rectifiers in & variety of
switching power supplies and other powar switching Appﬂcaticns
applications. Their low stored charge and ultrafastrecovery E
with soft recovery characteristics minimizes ringing and * Swilching Power Supply
electrical noise in many power switching circuits, thus + Power Switching Circuits
reducing power loss in the swilching transistor:
* General Ptirpose
Formarly developmental type TACS905.
: Packaging

Ordering Information B e

PART NUMBER PACKAGE BRAND ANODE
MUR1540 TO-220AC MUR 1540 i SATHODE
RURP1540 TO-220AC RURP1540
MUR1560 TO-220AC MUR 1560
RURP1560 TO:220AC RURP 1560
NOTE: When ordefing, use the entira part aumber
Symbol

K
A
Absolute Maximum Ratings T =25°C. Unless Otherwise Specified
MUR1540 MUR1560
RURP1540 RURP1560 UNITS

Peak Repetitive ReverseVoltage .. vvu. . oot ibnin . penmmams v I 400 500 v
Working PeakiReverse Vollige . ... . ... . ... buiii 0ot . oes st o VWM 400 800 v
DC Blocking VOGS, - -, + b s & i oo R - N Ve s s G 1 I S o bR 400 600 v
Average Rectified Forward Current ..ot ..o o Jejan 16 15 A

(Te = 145°C)
Repetitive Poak Surge Current . . oy, ... Y5 000 00 va i 1 s e PR 30 k] A

(Square Wave 20kHz)
Nenrepetitive Peak Surge Current. .. . iy, . iaiene . inons R ez lesm 200 200 A

(Halfwave 1 Phase 60Hz)
Maximum.Power Dissipation ... ..............ooo. o 0Romen .Pg 100 100 w
Avalanche Energy (See Figures 7 and 8) .Ean 20 20 mJ
Operating and Storage Temperature . . .........oovvvvciivneniiiin  Tgre Ty 5510175 5510 175 °c

‘CROO2 Fairo hidd Semvondecior Copomtion MUR 1540, MUR 1580, RUAP 1640, RURP 1560 Rev. B



MUR 1540, MUR1560, RURP1540, RURP1560

Electrical Specifications T =25°C, Unless Otherwise Specified

MUR 1540, RURP1540 MUR 1560, RURP1560
SYMBOL TEST CONDITION MIN TP MAX MIN TP MAX UNITS
Ve I = 154 : . 125 2 - 15
Ip =154, T = 150°C - - 112 - - 12
Ia Vg =400V - - 100 - < . pA
Vp = 600V ‘ = . : ; 100 pA
Vp =400V, Tg = 150°C : : 500 . - . A
Vi = 800V, Te =150°C 3 - ‘ . . 500 uA
t I = 1A, dipfdt = 100A/s . - 55 . . 55 ns
lp = 15A, dig/dt = 100A/us 2. - 60 - - 60 ns
b I = 154, dig/dt = 100A/us o 30 " : 30 . ns
1y Ig = 154, dicidt =100A/us . 7 ¥ . 20 = ns
Rge - - 18 . - 1.5 °cm

DEFINITIONS
Vg = Instantaneous jorward voltage (pw =300ys, D= 2%),
lp = Instantaneous reverse current.
1, = Rleverse recovery timeat dig/dt = 100A/us {See Figure 8), summation of ty+ by,
1y =Timeto reach peak reverse current at dig/dt = 100A/s (See Figure 8).
1y, =Time from peak |5y lo projected zero crossing of Iy based on a etraight fine from peak g through 25% of lny [See Figure 6).
Ryjg = Thermal resistance junction ta case.

pw =pulse width.
D = duty cycle.
Typical Performance Curves
B0
3 Iz 5
E 7/ P
3w e / s g 5
g o b E
z 100°C o1
8 1] ===
! /] {== % am -
1 8801 L 1 I f I 1 1
0 o5 10 18 20 o 100 200 300 400 500 800
Vi (FORWARD VOLTAGE (V) Vp, REVERSEVOLTAGE (V)
FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE' FIGURE 2. REVERSE CURRENT vs REVERSE VOLTAGE

CRO02 Faire hild Semondu ©r Copoaron MUR1S40 MUR1560, RURP1540, RURP1580 Rev. B



ArvuNadNn TC4427

MicrocHiP TC4426/TC4427/TC4428

1.5A Dual High-Speed Power MOSFET Drivers

Features:

+ High Peak Output Current — 1.5A

Wide Input Supply Vollage Operating Range:

- 45V1o 18V

High Capacitive Load Drive Capability — 1000 pF
in 25 ns (typ.)

Short Delay Times — 40 ns (typ:)

+ Matched Rise and Fall Times

* Low Supply Gurrent:

- With Logic ‘2" Input — 4 mA

- With Logic '0" Input = 400 pA

Low Output Impedance - 7

Latch-Up Protected: Will Withstand 0.5A Reverse
Current

Input Will Withstand Negative-inputs Up to 5V
ESD Protecled ~4 kV

Pin-compatible with the TC426/TC427/TC428
Space-saving 8-Pin MSOP and B8-Pin 6x5 DFN
Packages

-

.

Applications:

+ Switch Mode Power Supplies
+ Line Drivers
+ Pulse Transformer Drive

General Description:

The TC4426/TC4427/TC4428 are improved versions
of the earlier TC426/TC427/TC428 tamily of MOSFET
drivers. The TC4426/TC4427/TC4428 devices have
matched rise and fall times when charging and
discharging the gate of a MOSFET.

These devices are highly latch-up resistant under any
conditions within their power and voltage ratings. They
are not subject to damage when up to 5V of noise spik-
ing {of either polarity) occurs on the ground pin. They
can ‘accepl, wilhout damage or logic upset, up fto
500 mA of reverse current (of either polarily) being
forced back into their oulputs. All terminals are fully
protected against Electrostatic Discharge (ESD) up to
4KV

The TCA4426/TC4427/TC4428 MOSFET drivers can
easily charge/discharge 1000 pF gate capacitances in
under 30 ns. These devices provide low enough
impedances in both the on and off states 1o ensure the
MOSFET's intended state will not be affected, even by
large transients,

Other compatible drivers are the TC4426A/TC4427A/
TC4428A family of devices: The TC4428A/TC442TA/
TC4428A devices have matched leading and falling
edge input-to-oulput delay times, in addition 1o the
matched rise and fall times of the TC4426/7C4427/
TC4428 devices.

Package Types
8-Pin MSOP/
PDIP/SOIC 'rc?zs TC4427 TC4428 8-Pin DFN'Y  TC4426 TC4427 TC4428
Ne[ e [a) NG NG NC ne NC+ m‘ \

INA[Z] TCA426 [7] GUTRA  OUTA- OUTA
GND [3] TC4427 I§) v Vo Voo
INB[H| TC4428 (5] GUTE OUTE OUTE

INA |
GND
INB

Note 1: Exposed pad of the DFN package is elecirically isolated.

OUTA" OUTA DUTA
Voo Voo Voo
OUT8 OurB OUTB

e w e

& 2006 Microchip Technology Inc.

DS21422D-page 1
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TC4426/TC4427/TC4428

Functional Block Diagram

Inverting

s Non-Inverting
Effective | 3
Input C = 12 pF =iz
h | 3
(Each Input) i £ TC4426/TC4427/TC4428
GNDO—e .

2: Ground any unused driver inpul.

Note 1: TC4426 has two inverting drivers; while the TC4427 has two non-inverting
drivers. The TC4428 has one inverting and one non-inverting driver.

DS21422D-page 2

© 2006 Microchip Technology Inc.
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TC4426/TC4427/TC4428

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings t

Input Voltage, IN A or IN B
..................................... (Vpp + 0.3V) to (GND - 5V)

Package Power Dissipation (T, < 70°C)
DFN

MSOP
PDIP

Storage Temperature Range ...
Maximum Junction Temperature.....

1 Stresses above those listed under "Absolute Maximum
Ralings® may cause parmanent damage to the davice. These
are stress ratings only and functional operation of the device
at these or any other condifitns. above those indicated in the
operation sections of the specifications is not implied.
Exposure 1o Absolule Maximum Rating conditions ' for
extended periods may affect device rellabillity.

PIN FUNCTION TABLE
Name Functlon

NC No Connection

INA Input A

GND Ground

INB Input B

ouTB Output B

Voo Supply Input

OUT A Output A

NC No Connection

DC CHARACTERISTICS
Electrical Specifications: Unless otherwisa noted, Ty = +25C with 4.5V £ Vpp, < 18V.
Parameters | sym | min [ Typ | Max | Units]| Conditions
Input
Logic ‘1", High Input Voltage Vﬁ 2.4 - — V. |Nole2
Logic "0', Low Input Voltage Vig — — 0.8 v
Input Current Iy =10 — | #1.0 | pA [OVEVisVpp
Gutput
High Output Voltage Vou |Vop-0028] — [ = |-V [DCTest
Low Output Voltage VoL - — |00e5] Vv [DCTesl
Oulput Hesistance | Rg — 7 10 2 |lgyr = 10 mA, Vg = 18V
Peak Quiput Current lpk — 15 - A |Vpp=18V
Latch-Up Protection 5oy S >05| — | A |Dulycycle 2% 1 <300 i
Withstand Reverse Current Vpp = 18V
Switching Time (Note 1)
Rise Time s + 19 30 | ns |Figured-1
Fall Time 1 o 19 | 30 | ns |Figured-1
Delay Time 1oy e 20 30 ns | Figure 4-1
Delay Time ina - 40 50 | ns |Figure4-1
Power Supply
Power Supply Current Ig — — 4.5 mA | Vi = 3V (Both inputs)
= o Vi = OV (Both inputs)
Note 1: Swilching limes ensured by design.

2: ForV temperature range devices, the Vi (Min) limit is 2.0V.
3: Package power dissipation is dependent on the copper pad area.on the PCB.

& 2006 Microchip Technology Inc.

DS21422D-page 3
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TC4426/TC4427/TC4428

DC CHARACTERISTICS (OVER OPERATING TEMPERATURE RANGE)

Electrical Specifications: Unless otherwise noted, over operating temperature range with 4.5V < Vpg € 18V.
Parameters [ Sym J Min Imllﬁ:JUnhl Conditions
Input
Logic "1, High Input Voltage | Vjy 2.4 - — V |Note 2
Logic ‘0’ Low Input Voltage Vi —_ — 08 v
Input Current Iy -10 — +10 MA |OVSViysVpp
Output
High Oulput Voltage Vo |Vpp=0025] — [ — V | DG Test
Low Qutput Voltage VoL — — |0025| V |DCTest
Output Resistance Rp — 9 12 | 0 [loyr=10mA, Vpp = 18V
Peak Output Current lpk — 15 — A |Vpp=18V
Latch-Up Protection Ingv - >0.5 — A | Duty cycle <2%, 1 <300 us
Withstand Reverse Current Vpp = 18V
Switching Time (Note 1)
Rise Time Iy — — 40 ns |Figure 41
Fall Time te — — 40 ns |Figure 41
Delay Time to1 — —_ 40 ns | Figure 4-1
Delay Time o2 = - 60 ns |Figure 4-1
Power Supply
Power Supply Current Is — — 80 | mA | V=3V (Bothrinpuls)
—— 0.6 VIN = OV (Both inputs)

Note 1: Swilching fimes ensured by design.

2:  For V temperature range devices, the Vi (Min) limit is 2.0V.

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise noted, all paramelers apply with 4.5V < Vpp < 18V,
'l Parameters | sym | min | wp | Mex [ unis | Conditions
Temperature Ranges
Specified Temperature Range (C) Ta 4 —_ +70 ©
Specified Temperalure Range (E) Ta 40 ~ | +85 o
Specified Temperature Range (V) T4 AT A BT
Maximum Junction Temperature Ty — o +150 <
Storage Temperature Range Ta -65 —_ #150 G
Package Thermal Resistances 5
Thermal Resistance, 8L-6x5 DFN Bia — 1 B < | oW
Thermal Resistance, BL-MSOP By — 206 —_ CW
Thermal Resistance, 8L-PDIP B4 - 125 - TW
Thermal Resistance, 8L-SOIC By = 155 | [o & oW
SEE——
DS21422D-page 4 © 2006 Microchip Technology Inc.




TC4426/TC4427/TC4428

2.0 TYPICAL PERFORMANCE CURVES

"“'F i
~ are not tested

hmm«

guaranteed. ‘specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

mmamwmmmmm”
provided for informational

ea mmmhupdmﬂﬂmmuf
R T

Note: Unless otherwise indicaled, Tp = +25°C with 4.5V < Vpp < 18V,

180 \ 100 r T
mf -_..\m.f
i b o, nm&i i =) S Ahly
g o e e 5
80| e B gt i 80
£ " lioo0pF e | i ol w
i . \ .-.__\-‘--— 3 2 fm?' —-:- . :_.
ampr e | [ e —
b ——L_ B A e
100 pF T JL ‘1PF e —
0 ‘ — o i
4 6 8 1w 12 14 "% 1w 4 L] L] 19 12 " 1% E ]
Voo ™ Vpp V)
FIGURE 2-1: Rise Time vs. Supply FIGURE 2-4: Fall Time vs. Supply
Voltage. Voltage.
P L v 1] ¥ ; il
/ g
[ = 4 il e A,
LA / 7 muni
E 50 // % i I L] / 1ov
3 15 Sy L
be A2y ich _? L BT
A T "/ i
A e ! | Il - A
o e N el !
- P 1] & : !
100 1000 10,000 100 1000 10,000
CiLoap (PF) - CLoapnf)
FIGURE 2-2: Rise Time vs. Capacitive FIGURE 2-5: Fall Time vs. Capacttive
Load. Load.
L i i | il - & -
L€ gap = 1000 pF | : [ Coons #1000 pF
50 Vpp = 1757 ! Z ™ ' Vs iV |
| 1 L2 t
) L | g : ’ r i
l ! 50 |
a5 b J
3 - -] = E w0 7
fras -4
N taise S < —
! f 1 4 (] ] 10 ¥ " ® 18
-ll -35 -8 : 3 © (: 85 105 125 Voo (V)
FIGURE 2-3: Rise and Fall Times vs. FIGURE 2-6; Propagation Delay Time vs.
Temperalure. Supply Voltage.
# 2006 Microchip Technology Inc. DS214220-page 5
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TC4426/TC4427/TC4428

Note: Unless otherwise indicated, T = +25°C with 4.5V < Vpp < 18V.

» :| ............. T e .
i il Von = 12V
£l
Is
as
®l
»
I:
" | |
¢ R o e sy WY 485 35 15 6 25 45 65 @5 105 125
Input Amplitude (V) Temperature (°C)
FIGURE 2-7: Propagation Delay Time vs. FIGURE 2-10: Propagation Delay Time vs.
Input Amplitude. Temperature.
== b gy
= Voo w18V
- T 35
T | o 1
i = S i T g0 =T
s Boh inpuls = 1
i s
i od
— Both inputs = 0 | | e Sy
01 -t et
4 L] L] "w 12 " 1% 18 55 -85 -16 § 2§ 45 65 B5 105 125
Yoo TG
FIGURE 2-8: Supply Current vs. Supply FIGURE 2-11: Supply Current vs.
Voltage. Temperature.
25 = \{
wl P2 AT 4
\\ w«wc—-ov‘ =4150°C Worst Case @ T, =+150°C
5 S Ty W .
) N Tvplenl @ 7, 5 425°C : 2 L TYDical #7, « 435C
~ ; 5
[ \?\\
S e
’l [} B 10 1 . W ‘I L] ] 0 12 14 1% 1.
Voo Yoo
FIGURE 2-9: Output Resistance (Rpg) vs. FIGURE 2-12: Output Resistance (Rpy) vs.
Supply Voltage. Supply Voltage.
DS21422D-page 6 © 2006 Microchip Technology Inc.



TC4426/TC4427/TC4428

pE—
Note: Unless otherwise indicated, Ty = +25°C with 4.5V < Vpp < 18V.
L] ey © T
vopaiov | | LA Vop = 18Y T
= 50 . F-H
A aw
%0 1 4 T %
% L~ i 1» 100 oF
” weni: L =
/
_s A ; / |/ /
- T L e /
=1 -l / /
* =T T » A
me | T |
'1 1000 10,000 uw 100 1009
CLoapPF) FREQUENCY (kiz)

FIGURE 2-13: Supply Current vs.
Capacitive Load.

FIGURE 2-16: Supply Current vs.
Frequency.

80 5 -
e e
0 ‘ / 50 : t /
g L 1 b z 40 [ 1000 pP
Ve |

> 1 L > /

.;” d"‘ | - Hlki L 5.
a‘o/-qf “hv:é"““; T 20 P o
* | ruﬂ":’ | l le‘L1 » 1 / ﬁ‘ Z

T 1L = 200ue || Lt
,%gﬁﬁ_lj = _ﬂﬁw
100 1000 10,000 10 100 1000
: Cupap (pF) FREQUENGY [kHz)

FIGURE 2-14: Supply Current vs. FIGURE 2-17: Supply Current vs.
Capacitive Load. Frequency.

2 d 1 e i b A X 2

Y Vop = & - Yoo = 6 |

o b ¢ PRI 4 L1

én b~ B l T i 40 !

5.,, M v }W,‘Tu ;m Uy
SR @nn » e >§
= il -:::'r““ il 1o Ao or

S| ook, | o
0 10 10000 i 100 1000
€Loap ) FREQUENCY (kHz)
FIGURE 2-15: Suppiy Current vs. FIGURE 2-18: Supply Current vs.
Capacitive Load. Frequency.
© 2006 Microchip Technology Inc. DS21422D-page 7
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TC4426/TC4427/TC4428

Note: Unless otherwise indicated, Ty = +25°C with 4.5V s Vpp $ 18V,

~8

o

l: 1,
3 Pt gl ] 7 o
% MRS ISR RERS O /, :a
5

§

< 3

™

Note: The values on this graph represent the loss
seen by both drivers in a package during ane
complete cycle. For a single driver, divide the
stated values by 2. For a single transition of a
single driver, divide the stated value by 4.

FIGURE 2-19: Crossover Energy vs.
Supply Voltage.

DS214220-page 8 © 2006 Microchip Technology Inc.
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SHARP MULTI-PURPOSE MODULE

130 WATT

SUPERIOR DURABILITY. HIGH EFFICIENCY.

POLYCRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 130W MAXIMUM POWER

Sharp’s ND-130UJF photovoltaic modules offer industry-leading
performance, durability, and reliability for a variety of electrical power
requirements. Using breakthrough technology perfected by Sharp’s

50 years of research and development, these modules incorporate an
advanced surface texturing process to increase light absorption and improve
efficiency. Common applications include cabins, solar power stations,
pumps, beacons, and lighting equipment. Designed to withstand rigorous
weather conditions, a junction box is also provided for easy electrical

High-power module (130 W) using
connections in the field, making Sharp's ND-130UJF modules the perfect 156 mm & quare pol yerystaltine

silicon solar cells with 13.1%
module convers ion efficiency

combination of advanced technology and reliability.

Sharp's sdvanted surface
taxturing procoss increases

fight absorption and efficiency
while provid ng » more subdued,
“naturi” look

Bypass dic des minimize the
power d'op caused by shade

Water white tempered glass,
EVA encapsulation, plus clear
anodized aluminum frame for
extended outdoor use

Junction box for easy electrical
connections in the field

Nominal 12 VOC output for
battery charging applications

o PUrp Listings: UL 1703 (cUL also) FM |Ni
TR SR — CLIDIV2GPSA,BCDTIC)

Sharp modules are manufactured
in ISO 9001 and ISO 14001
certified facilities

= 25-year limited warranty on
power output (see dealer for
details)
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130 WATT

| Pl | .
} 2 L i | | Dimensions (A x B x C below) AT
| Number of Cells and Configuration 3b In series | 3
Open Circuit Voltage (Voc) 218V i | Weoht 3 3086 b5/ 1404
1 594" K 26,7 x 2.3
| Maximum Power Voltage (Vpm) 17.4¥ [} Size of Carton piighinho sl S0
| Short Circuit Current (1) B2A | e e i
| Maximum Power Current (Ipm) 754 | b
Maximum Power (Pm)* 130 W (+10% /-5%) |
Motule Etfciency 131% '
e 18 S LI 1
Maximum System Voltage 00V | Ogerating Temparsiuré (i 4o mix, FFE) 40 10 194°F /40 10 +90°C {
|
F
et i Storage Temperature (min 1o max, 'F/'C) -40to 194°F / 40 10 +90°C ‘
Type of Output Terminal Junction Box — — — — isnshs el

* {STC) Standard Test Conditions: 25°C, 1 kWim® AM 1.5

AACK VIEW
—— - SIOE VIEW
| A

|
|
\ g1
[ : |

=, IUNCTION BOX B
" {INTERIOR) i

Current (Al
Power W]

{ S |
! | i |
1 | m || 1
| e !
e e | 1
4 i U
' { Pt & sy - et
| { I
A B c D
' fodt 662 g () 59.0°7 1499 mm 18 /46 o 98"/ 249.5 mm
| |
3 Sucreen, Pows v Wohage Stiyagiesistics ! : 32" LN 20577408 g, 24,40 629 e
— VAR LN S ECERCV R - PSS (J v A0 — - - > : T
Design and speci bject to change without natice.

Sharp is a registered trademark of Sharp Corporation. All other trademarks are property of their respective owners.
Sharp takes no respansibility for any defects that may occur in equipment using any Sharp devices.
Contact Sharp to obtain the latest product manuals before using any Sharp device.

SHARP

‘5 SHARP ELECTRONICS CORPORATION - 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tel: 1-800-SOLAR-06 - E-mail: sharpsolar@sharpusa.com - www.sharpusa.com/solar

Cover photo: Solar instaliation by Direct Power and Water, Albuguergue, NM ©2008 Sharp Electronics Corporation. Al rights reserved, SESG-130U)F-0508
Printed in the USA
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BRITISH STANDARD EN 55022

Information technology equipment
Radio disturbance characteristics

Limits and methods of measurement

1. Introduction

The scope is extended to the whole radio-frequency range from 9 kHz to 400
GHz, but limits are formulated only in restricted frequency bands, which is considered
sufficient to' reach “adequate emission levels to protect radio broadcast and
telecommunication services, and to allow other apparatus to operate as intended at

reasonable distance.

2. Scope and object

Procedures are given for the measurement of the levels of ‘spurious signals
generated by the ITE and limits are specified for the frequency range 9 kHz to 400 GHz
for both class A and class. B equipment. No. measurements need be performed at
frequencies where no limits are specified. The intention of ‘this publication is to
establish uniform requirements for the radio disturbance level of the equipment
contained in the scope, to fix limits of disturbance, to describe methods of

measurement and to standardize operating conditions and interpretation of results

3. Classification of ITE
ITE is subdivided into two categories denoted class A ITE and class B ITE.

Class B ITE
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Class B ITE is a category of apparatus which satisfies the class B ITE disturbance limits.
Class B ITE is intended primarily for use in the domestic environment and may include:
- equipment with no fixed place of use; for example, portable equipment powered by
built-in batteries;

- telecommunication terminal equipment powered by a telecommunication network;
- personal computers and auxiliary connected equipment.

NOTE: The domestic environment is an environment where the use of broadcast radio
and television receivers may be expected within a distance of 10 m of the apparatus

concerned.

Class A ITE
Class A ITE is a category of all other ITE which satisfies the class A ITE limits but not
the class B ITE limits. Such equipment should not be restricted in its sale but the

following warning shall be included in the instructions for use

4. Limits for conducted disturbance at mains terminals and telecommunication
ports

The equipment under test (EUT) shall meet the limits in Table 1 and Table 3
or Table 2 and Table 4, as applicable, including the average limit and the quasi-peak
limit when using, respectively, an average detector receiver and quasi-peak detector
receiver and measured in accordance with the methods described in Clause 9. Either
the voltage limits or the current limits in Table 3 or Table 4, as applicable, shall be
met except for the measurement method of C.1.3 where both limits shall be met. If
the average limit is met when using a quasi-peak detector receiver, the EUT shall be

deemed to meet both limits and measurement with the average detector receiver is
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unnecessary. If the reading of the measuring receiver shows fluctuations close to the
limit, the reading shall be observed for at least 15 s at each measurement frequency;
the higher reading shall be recorded with the exception of any brief isolated high

reading which shall be ignored.

4.1 Limits of mains terminal disturbance voltage

Table 1 - Limits for conducted disturbance at the mains ports of class A ITE

Limits dB(JLV)
Frequency range (MHz)

Quasi-peak Average

0,15 to 0,50 79 66

0,50 to 30 " | 60

NOTE: The lower limit shall apply at the transition frequency.

Table 2 - Limits for conducted disturbance at the mains ports of class B.ITE

Limits dB(JAV)
Frequency range (MHz)
Quasi-peak Average
0,15 to 0,50 66 to 56 56 to 46
0,50 to 5 56 a6
5 to 30 60 50

NOTE 1: The lower limit shall apply at the transition frequencies.

NOTE 2: The limit decreases linearly with the logarithm of the frequency in the range 0,15 MHz to 0,50 MHz.

4.2 Limits of conducted common mode (asymmetric mode) disturbance at
telecommunication ports1)

Table 3 - Limits of conducted common mode (asymmetric mode) disturbance at
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telecommunication ports in the frequency range 0,15 MHz to 30 MHz for class A

equipment
Frequency range Voltage limits dB(LLV) Current limits dB(HLA)
(MHz) Quasi-peak Average Quasi-peak | Average
0,15t0 0,5 97 to 87 84 to 74 53 to 43 40 to 30
0,5 to 30 87 74 43 30

NOTE 1 The limits decrease linearly with the logarithm of the frequency in the range 0,15 MHz to 0,5 MHz.
NOTE 2 The current and voltage disturbance limits are derivedfor use with an impedance stabilization
network (ISN) which presents a common mode (asymmetric mode) impedance of 150 7 to the

telecommunication port under test (conversion factor is 20 10g10 150 / | = 44 dB)

Table 4 - Limits of conducted common mode (asymmetric mode) disturbance at

telecommunication ports in the frequency range 0,15 MHz to 30 MHz for class B

equipment
Frequency range Voltage limits dB(J4V) Current limits dB(ULA)
(MHz) Quasi-peak Average Quasi-peak Average
0,15t0 0,5 84 to 74 74 to 64 40 to 30 30 to 20
0,5 to 30 74 64 30 20

NOTE 1 The limits decrease linearly with'the logarithm of the frequency in the range 0,15 MHz to 0,5 MHz.
NOTE 2 The current and voltage disturbance limits are derived for use with an impedance stabilization
network (ISN) which presents a common mode (asymmetric mode) impedance of 150 7 to the

telecommunication port under test (conversion factor is 20 log10 150/ = 44 dB).
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#include<htc.h>
#include<stdlib.h>
__CONFIG(HS & WDTDIS &PWRTDIS& BORDIS & LVPDIS & UNPROTECT);
#define _XTAL_FREQ 20000000 // 20 MHz

void SetPWMDutyCycle(unsigned int DutyCycle)

CCPRLL = DutyCycle>>2;
CCP1CON &= 0xcf;

CCP1CON |= (0x30&(DutyCycle<<4));

void main(){
float a,b,volt;
int duty=500;

ADCONO = 0b11000001;
ADCON1 = 0b10000000;
__delay_us(100);

TRISA = OxFF;

TRISC = 0x00;



CCP1CON = 0x0c;

PR2 = 249;

T2CON = 0b00000000;

SetPWMDutyCycle(0);

T2CON |= 0x04;
while(1){

SetPWMDutyCycle(duty);
ADCONO = 0b11000101;
__delay us(100);

a = (float)ADRESH,;

b = (float)ADRESL;

volt = (a*256 + b)*5/1023;

if(volt==4.750)

duty=duty;

else if(volt<4.750)

104



if(duty<=700){

duty=duty+1;

else{duty=duty;

}

else if(volt>4.750)

if(duty>=50){

duty=duty-1;

else{

duty=duty;
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