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ABSTRACT

This paper presents a design and construction of a DC Pulse Power
Supply for DC magnetron sputtering thin film coating applications. The power
electronics part is designed and constructed by using two variable voltage power
supply feed on single phase full bridge inverter separately each branch. The
technique presented for thin film coating is DC pulse technique. The DC pulse
controlled signal is generated by digital signal peripheral interface controller and
provided the computer LCD as control panel. The well designed DC pulse power
supply must have voltage and period adjustable. The performance of the DC pulse
power supply has been examined by real thin film coating with DC Pulse technique.
The test results show that the DC pulse technique gave a better thermal
characteristic of coating. So the DC pulse technique is more suitable for the substrate
that cannot bared high temperature and it is the most suitable technique for all thin

film coating application today.



AnANTIUUIEA A

U%mmﬁﬁwuéaﬁuﬁlﬁﬁwL%ﬂ@ﬁ"ga‘lﬂ61'3&15'1 AnszEInILARNYAUATIaEYjIm
wazianningiladuanuduia mnudarudnialdlagdrundemauies nagdaviada
YrBUNSEANYARAIATHDRDULIUAILAN AUTIBWED waraaw TldnyARa
wianil

voveunmthiiniadsimnssulifimaviuiideredewdgunsaing
NAADINY

UDUBUNTZANKTIANANSI9SE A3, ATLAY Yias 81nsETivinw ialss
ansuszamIvilinnug Auwunih uazudfnlunisiinu  saenaulianudismdsluiu
e aulasaiddeduieqanlusmed

Y8UBUAN AUAING FunSaannia (AUIdw) uaz AUUNBIN BATEYNS
(#Wlud) Avmmmhemdessuuiidsiumuganud

vavaunniisusmnduanziiainau dnsnmuesitourinliwanis i
dusalalutuil wonsndremily serluidumy

YouRUAM AT.51TANA (91915681) uas Anfidng (flve) Naazinauas
Bowlogunsainmsmaassmfeusuugieineg Fadunszaniudinhadiann

anvng vevaunszan Um wisen Glidudle Areslidiuinu Auuzi
s1eq uarlimdalanglivihwinligndediutigmuazguassasaqlslaglidore fuilgn
dufaudn gnazliviiliviuiinnte gnazmouununssanlifeign

Aot pauustloniiitanuingrinusatud veweuusdinsranmnviu

Y

AN

L[



anly

unfntie
ABSTRACT
finAnssuUsene
#IUty
GUERIFAT
AIUYNTN
unfl 1 umin
1.1 amnudusuazarudidnuestym
1.2 InqUITaeAYeINTIvY
1.3 YaUlnLastaAMuATDIlATNY
1.4 33n1sildlulases
1.5 wwumsaidulaseau
1.6 Ustlowilasuannsive
unil 2 neuiiiiedo
2.1 viguiuazndnnsNuguresmsiadoufafeiiduuns
2.1.1 alanaie
2.1.2 nquimsatiameie
2.1.3 Precursor Gas
2.1.4 nalnn1annsatiamess (Sputtering Mechanism)
2.1.5 snsimaiinatinnes (Sputtering Rate)
2.1.6 wuninseu alningis (Magnetron Sputtering)
2.1.7 m3nefvesilduuisuuianseadu (Thin Film Growth)
2.1.8 Wadid atlmmeda
2.2 unasaglniAdiad (DC Pulses Power Supply)
2.2.1 guUnsnleing (MOSFET)
2.2.2 uvasdnglniusatugausuenle
(High Voltage Variable Power Supply)
2.2.3 vinsawyey A (Vacuum Chamber)
224 ‘UU’JuEUﬂ?{u % Wad (DC Pulses Train)
2.2.5 N1AINTIVOIINDT H-Bridge
2.3 lulasnaulnsaians (dsPIC30F4011)
23.1 anuiiesiuieiululasnevlvsaans
2.3.2 antnenssuvadlulasaoulnsaiass
2.3.3 miguszanananans useTigy
2.3.4 AN
2.3.5 WuAuTILAY

viil

~NOoy Oy U0 OTeemauta O3 _ i o0 4y by RO Es b Bs g

11
11
15
15
15
16
17
17
18



a3y (viv)

2.3.6 Mmsvnauveslilasraulnsaass
2.4 lassasnnazanntnenssuves dsPIC30F4011
2.5 wainaynsu
unil 3 MIvenuUUkATaiTIAITRadIN T NWANE
3.1 N159188492999 (Simulation)
3.2 N15a51999sUviasne i Adwad
3.2.1 M@
3.2.2 MIATNNITAIVAY
3.2.3 Msasndygraduineddvadmelilasreulnsaaes

L3

3.3 MsATNNMIAIUANKIUABNRIABS (Computer Control Panel)
3.4 aneUsuresasunas g WA Tad
unil 4 HanIAae
4.1 wansnadeulvasnelihAdwad
4.2 wan1madauLuaIsylwiag
4.3 ayUianisnaaes
unil 5 UNAFURAN1TNARDY UBLEUBULY UAZLUINKNMIAANN
5.1 unagy
5.2 UplausLus LAz UamTIL I
5.3 daymiiwulunisinlasey
5.4 WUAINWNNTARIUIIATINU
LONATOND
MANUIN
UseiRgideu

@

¢ P a) ¢
WAALLNAaDUATDUNALU

i
19
20
21
23
23
24
24
26
29

38
42
42
a5
48
49
49
49
a9
50
51
54
66



aTUgygy

Ul Wi
B ma’Luﬁaqqcyzywmmﬁam‘%aumsﬁﬂmma‘%q C;
2.2 Sasmsiinatlmneia 4
2.3 wunilnseuatnmeds 5
2.4 mM3nevresiauuuuiaianseeiy 5
2.5 7935 DC Pulses Power Supply 7
2.6 Tnseasavasuoamanuy N was P adnnnadu 8
2.7 laseasnnvasoavnuuy N uaz P sdaousiudiuug 9
2.8 niwRndnunglunisaielouveBusawaLUULYaLLE N

wAzAMGNYMEIEYINATEIBNBAWALUULTAWLA N 9
2.9 sUnAuLsLluNsEInTBLIF LN 10
2.10 Inuansyineuuuy Asymmetric Bipolar 13
2.11 JUnduussTuTIsonLUUBsBNLAINLUTHE 1%
2.12 UnAumsenuuuasuwainluiwaAiianeadrod 14
2.13 Tassaanazdaulszneundnidesfuveslulasnoulnsaians 15
2.14 TassadwanUnenssuveslulasroulnsaiaes

WUUNIUDAU Y30 Wou Dauuu 16
2.15 lassassanaenssuvatlulasroulnsaaesiuvansiin 16
2.16 dasznauvanvasdfiglululasreulnsawes 17
2.17 fHaYDd dsPIC30F4011 Lagmaudaya1edeiiee 20
2.18 madonragunsaigunsaineuenidfunasfamesieans D89 21
2.19 mssiegunsalneuentiu DBY Ly 3 Ldu 22
3.1 Block Diagram wm358UU 2%
3.2 nsvnasaunasielniAgwadasTusunsy MATLAB Simulink 23
3.3 WIIFUIDENIINIATTWATINNsaBeRElUTUATI MATLAB Simulink 24
3.4 sULUUIsUna Wi AT Wad 25
3.5 2ansrndeiadnatusde 25
3.6 woAWnANaY 25K1317 25
3.7 uvdssrglnihusadugeusualaililunisvnisnaaes 26
3.8 2sisanszuanss 15 V dedulnidevesalilasroulvsaiaes 26
3.9 29asliAsaiiadratuass 26
3.10 vesalulasaaulnsaiaas su dsPIC30F4011 27
3.11 wdnmsvhauresesuldfuda 27
3.12 2WATTUNALATLENNTTIA 28
3,13 NINTIUVBINITAIUAY 28
3.14 JUastuinauazasaseaulilelmiamaifiadnetusie 29

Vi



a3ty gU(sie)

U

3.15 2easunassne Wi Advaddunuuiiaieiueie

3.16 Wanrnimvealusunsuvan

3.17 Ianvninveeaston

3.18 Ay uturnauesNaang S1 (Uu) wavuaamn S2 (

3.19 Y uduTNAUINREALNR S3 () uasuodan S (
( (

an)

a19)

3.20 dygyruturnaussuedanm S2 (uu) uaznaawn S3 (819)
)

)

N

3.21 Fypaudurinavaueann S1 (uu) tazuaamn S3 (a9
3.22 dyaudurinevaduealng S2 (Uu) tazuoane S4 (a9
3.23 Yy IaulsiuYIaenUeINITMAIUUTLLAINTUTWEN
3.24 wasnaynsuvasvasalulasnaulvsalaes

3.25 msleunesmeynIusEinaeuamefuarlulasrevlnsaians
3.26 Bumesinaiermuuuvasg i Adwad

3.27 JUndwadTignenUANKIUTUSUASY Visual Basic 6.0

3.28 N) a183933 H-Bridge AUVY 7) A1872995 H-Bridge duans
3.29 N) @18IITTUNAAUUY V) ANIITTUNARTUAN

3.30 1) a1w1e9slidsei Uy ©) arereasiiidseiueng

4.1 wsanuieaniuluug Positive DC

4.2 wseiurieaniuluug Negative DC

4.3 usasurnaantuluilg Positive Unipolar

4.4 usasurneantuluie Negative Unipolar

4.5 usanueantulule Symmetric Bipolar

4.6 usanuipeniuluin Asymmetric Bipolar

4.7 %uqwuﬁé}’aan’m3Lﬂﬁa‘unw'l,uﬁaqqzyaym'mﬁauﬁ'mﬁLﬂﬁau
4.8 fAUANTDIdINA

4.9 Fiaunadny Pinnacle 2/2 kW wiriuuvasinglwiadwad
4.10 UpduazdumpIniulna Tl flunisiedouiiduung

4.11 ma'Luﬁaaqmqugmﬂ‘ummﬁmﬂ@ﬁ%maﬁmmﬁ'a

4.12 FunuiigniadeuiiduorgituGeusonud

\

29
30
31
32
32
33
33
34
34
35
35
37
37
38
39
40
42
a2
43
43
a4
44
a5
46
46
a7
a7
48



#13UgYMIIN
el
1.1 urunsandulaseay
2.1 muan159119uv892995 H-Bridge Tuuvasdneglnimg

Vil

[

wad



|
uni 1
umin

1.1 erudhanuazauddguesgm

Hauureanursatanldusslesdlauinune wwu Aduuiseiln Suifsuiu
oonled gninunlduselombhnnune lidesdudiwiivswadmdurenmuansa wad
waveiing gunseldidnlnslasiing uazduqdnunnune fiduiinazdesiidanmdunius T
YagtuldiinsinSouilduunasuunawaduasonding Afvwminiu wazaeniw (Touch
Panel DISplay ) sgnlsinuiansasiuiidunaaines zvupsTouldligs wasmaiialums
w3ailduuiGendt @3 wunilnseu almmede (DC Magnetron Sputtering) 3o AT ayn
(DC  Smooth) uua“wﬂwmmmnmauawmamm'ﬁ‘u mmwmﬁ‘mmmamaqw '[u'd'sﬁyfyw
uwuﬁumﬂmmLauamﬂuﬂmsmaauwaumqmsarm 7% Wad (DC Pulses) Fanadaiiiu
annsnszaruguindelwiiuisenidngludeienaiouilduls dasianunsadiuund
Al fimnsausenisindouiiduudle

mﬂﬁﬂﬁ%awLLaxﬁ%ﬁaﬁﬁgulﬁﬂmﬁnvmxmsnﬂﬁau’famsaa%’uﬁwﬁu Ly
wseUNSAABUNSEUANaTEN [uAy m{l"umﬂuﬂMwaamu'lunmamimswwuammulm
laigatin iflpsnrnnisedeuiulifimaudeiiios LLauwa-umm'}umqﬂné'lumsmaauuumn:n
wailaagaynie 160 fs 170 Taad Tedwmadondsnlunsalinmesornounas 2T
Tans0e3u

sraifu U%syrgwﬁwuﬁduﬁ%’ﬂﬁﬁwLauamsmﬁau%umwui’a@sau%’Uﬁ’w
wedladiadiitotiauemsing nsveassdasdulsylonidensidoreluluouian

1.2 dnquivanAYeIn1TINY
1. \leeenuuurnasdidnnseindmdaiimnsandmsunisiafouiiduung
2. iefnwaudnuazraImsAdauduutemaiafdiad
3. ifiefnuiimsindeuiiduutsiiemainfanad
4, eduaSuliAnmsiaumaluladfunsiade uiiduung

1.3 voulwalazdorimunvedlasu
1. eanuuvasnRsdidnvsefindmdedmiunisiadauilduung
2. Anwmavesnisipdeuilduumemaiinfdwad
3. eonuuUASNsTUUMUANTIMINzaNdmFunsdouTIdiung

1.4 Bnsillihilasany
v a ¢ < = a ¢dagug -
1. eenuuULazainaTBunesnesmaieuuuauiadiieltilulcesi
darurdalihiigiouniiouiduuns
2. eenuuUMIAANUVEIT e INinATTadlngldlulasnoulnsames
3. muAunssuUmMaaleglinismugurkunesnaynsy



1.5 unumsaniulassnu

unumLiulasu / 1iou WA, 2555 A | d.A | Y | A.A | e | 6.A. | 3.A. | AN

1) Anwvinanudnladsnisinaesuiay
vamgituuninsaualnmnesa

2) 99NLUVNITBENMsalindrndednsu
nsedaufduung

3) a¥neesanuiildeanuuuls =

4) afnglrunaiuAdiadale

lulaspaulvsaans wazvinlwaiuisa < >
AuANNIEees AR IBABNRIWMES
o J o
5) U1 Hardware az Software ndsa 3 .
Ty -

uarlunmasaAdauleulaL U

N
A 4

6) Uuiinuazasunanisvnass

7) dnsauSeaiinus 3

4 o =Y
A5 1N 1.1 waunseiiulasaay

1.6 VstlymiflliFuannsidy

1. ladnwimadansiadoullduunsiemailafdnad

2. ldfunhanAdedgiifedosuannsafndu @i wasaugumsiadou
ATanmefdauus

3. meveneliiAnmuAvimanaliladfiansnluuszgndldly
gaavnssula

4. mdeneliiAamstamyeansiitianuaunsalifimiuamsouasinyy

= ---..rJ - &) =y
wndtuiedauinganamnssunisinfeuilauung




-
unil 2
nouiiiAsates

2.1 neufjussvdnmsiuguresmsindeuiafefifiun
- < ¥ ad < < qq-J-Lyu ' '
nntadeufiauu e isuininssuatameiauisnldfuedaunsnaneun
wnua Un3dglugaaisdg srediuiesiasiuiniSnnedeuiduuresieituuni
asoualiawaiuiutitavansanimmguiuasufiRinniiagn
211 allmaeie Ao nisviliazseuuandisanatnisenduuainlessuy
UnngnsalatlmasTaiugnAuwuriusnlag wed Jadoy T5isa Tns (Sir William Robert
Grove) HRvaivadLTalnas
. a & o« < '
2.1.2 nguimsalameds nmisalnmeiniudenszuiunisilends
“Physical Vapor Deposition” lagluwasgmgyime (Vacuum Chamber) 1y asilaisiaiiau
4 . & o @ @& » 5 [ 123 af  as ar =4
(Source of Coating Material) waaiiaaniuil “Target” Anavagnsvinuiuiansasiu wie
i Iy w g w 6 - -10 s 4 o -8
Substrate” viasgaanmaAzgauTuliiaTudy 10”7 81 10 ved (107 &1 107 Uhaana)
UnmmaluiesguanniAuaniagy

Uit 21 meluvesagomadlewisunsatiaweie

2.1.3 Precursor Gas As fingildlunslimdnnilessuudmiing feidui
flauAafmarsneu (Argon) ilssniuaainenzuas B3IMBUMAANRD Tga1TnauTzgn
anlUluiasganmafsruiy 1 8 100 Sadves (0.1 & 1 thama) Luam‘anm']au
maidilwihaudszana 05 & 5 Alalad Awerineuss tﬂﬁﬂ'rsunnmxﬁu'laaauua.,
wanai ‘LBE}E!'IJU‘JFIRW“WH‘[UW]‘H'JﬂU'ENlI‘II'I'ELﬂﬂ'iI-NS’UElt!VI'I.lﬁauﬁﬂllﬂamTil.ﬂﬁﬁﬁﬁEl'ﬂﬂu']

2.1.4 nalamsifinnsatianede (Sputtering Mechanism) lolosauléva
w'nmmuﬁTwszﬁqulunamfawmﬂmua'J wnAU3en Back scattering , X-Ray EmISS|0n
Photon Generation , Secondary Electron Emission waz Gas Atom Desorption 'nu'nm
ansiAaey (Target) Lﬁaaﬂ.,.m'm'la'aau'lé’vjm';’wuﬁ'zm‘fmﬁaaﬂé’wmﬁqma vl



BYABNNISINAFANAILATONIATEUANNTEILBBNLIINAINISINADEMELTINTEDI8DEN
waniandund “atonefornon” (Sputtered Atom)
msatiaaeds  aunsoudseonidifufisziundany  KusszdulndiAoern

wasnuaminauiesedunmemnnydidnaseulyad

2.1.4.1 ssfundaausnnn (Very Low Energy) Ssedundenutos
N 30 s 50 ev lussduilevitavtnmeiomeutornnn  wavivaneuiiuufailédy
waaenliifeseiuiBuusnueanisuanda (Sputter Treshold)

2.1.4.2 ssfUNSsURUUTURYY (Single Knock-on Energy) fssau
wiawni 1 keV wdussduidiaiivhey wifiismedesilnAnnisuandaves
aznalugliuy Single Knock-on Fuilslopsurunsusyseurasniinaudrosneuuuii
Target fignuufieznssiiiulivussmenuuinidusuinatnmososaoniuin ovmouiignuy
nnusnllaudisahessdluwudunnwerilitussaaiodn  Tasetaliosezneudosy
fufiedneadsilumusinnnwefisziinatnmofornon  seiunduussiuigmirlulily
nsUsEgniasuatnmeImInige

2.1.4.3 szaundinuuuuladdu-aiaan (Collision-Cascade

o o 1

. -k ol P M v @
Sputtering) iATUNTEAUNGNIU 521313 1 keV Ui 50 keV oynialosauilaiundsau
s 1 4 ] [V =l L7 - 3 vV e ' =
sysuilileWanusnyfufin Target asliwdsnuunnwefiasvilinusyvaanguaznenluudian
A 5 o ‘l; d 5 - 1 u 1 1 v
ngnuudugnvitaievioin lusaeisudy svmanuuinazyuseaiuluidugnlauiduiniig
wazifinnsunuiesneuAnlngaznaungnuuun ey, avmaungnununNaliumuy

< P o | - | dal )
pymauaulUFeq  Faseniimsuuluuaaen  (Collision-Cascade) oehdlshd Tusesu
waswildmnziumsianldiunmsussendmesuuiniinsauatmnasavinlatin
s V] s ; al a a [
2.1.4.4 52aUNaRUEN (High Energy Implantation) \NaduysEaU
o 1 L Y EJ o ] = I3 1
WAINUFINI 50 keV Tuszdiull ayn1AlooBUBRING :UEMINIEHIBURINISINADE AL
o 0 u v ¥ v i W ¢ v v
v biannsadilvegluilieansiedeunisinaldnaunndanuaswun allamesozneuilea
awtosmigmsmendsnudilngveteunialessussiintuluiliearsiadoudaeglnan
wuiuduly sedundeuiasldfunisuszenddrunisadregunsalansiadan
(Semiconductor Device Fabrication)
2.1.5 smsnaiimadnnea (Sputtering Rate) nsiinalameTatiuduseiu
nasuluiilossuveseumadaiundsanu (Bombardment Particle) Fanfefingensnou

N
Maximum

Back

Treshold

Sputtering Yield ; €

v

lon Enerey ; E’ (eV)
-l w a =
7N 2.2 onsmsiiealnness



2.1.6 winflasou atlawed (Magnetron Sputtering) Aa nsaiimwma3sne
mahauivanivi (Crossed Field) Wi luietesniudidnaseudassyinlnin
AssuAwaNELINATY u.uﬂﬁﬁiauaﬂmﬁa"i"\'lﬁy'ualz'lﬁé'ﬁi'lmsmﬁauﬂéumqﬁmﬂ'i"1 Igiuitu
aaadeutasnant  usdulunisiadeudindd ua.,ammnnmammwmm'nﬁuauunn
winddadnmeidlundnuiiviiu

Lmnumauﬂﬂmmasauu%uuu.umanqmuaa'mﬁu'suuuaa'[ﬂwmarg:y'm'lﬁ
mamuwmﬁu'lwunaun1ﬁaa'i., WlARneymAmIvIMivgs Warraninzdulunism
Sidnaseuvadlessy fniu al.aﬂmaum'mumuuuaaq.,m'[mﬂﬁ wmamwuﬂuuuﬁwu'lna*]
futhualna m'luaﬂ'nm‘nﬂaaumamu

Fim
Target atom
Electron —E}

Metal or
non-metaiic target

Black magners

U7 23 winileseuailaneds

217 m’nﬁi"mmiﬁuummimﬁl (Thin Fitm Growth) n1snadavas
‘ﬂaumaumaﬂ'saesummu'luaw-uumau nuﬁauuinﬁamsm arsiasldindou (Coating
Species) 'lﬂmamaﬁu (Substrate) wnauwaama msnnwmimawLmamﬁanan
3095V ua.,-uunauaﬁmﬂ Aa msmaaumu1amuwuamumuawaaamﬂaauuumvaa
993U

Target T . Energy (eV)
Surface Diffusion
Substrate Surface z.ﬂ el

]ﬂﬂ 24 n'ﬁﬂam'uaqﬂanmmummﬂsmsu



o & a o o v ad a ¥ ) a '
lunstlnsiadeuiafanseeiumieitnisalinimeTalu dudshidiane
AuandRveInsyuIunsandiedu (Nucleation) wisusadlunisiemaesiidy waz
Tassasavesmsnieshvesiidude Yandlfiduiidy (msindou) Wdnduaseyniafidy wdsiu
'3 -y § dq L7 as -y 1 ot L L3 .
JauvesayNAiauRIreiansesiy guungilunisnes WadndussdaioUu uazaay
A¥DINUURIID93ER 583U (Substrate)
mngeudenIsteyaiiesnsnemvenuiiduulagaziden @awisa
£ 7 - IIJ
FuAupeBalen [1]
v 4 a P 1 % )
2.1.8 WadAd alamede nsiadeuilduunalaedsau W RF Sputtering 1
‘J s s -l s s L =
wiitymie WeTagsesiugniadou sriloznanaeiansossuuNEdungARannuINal gn
& 1 1 1 v =‘=\ & 1 s 5 ¥ n‘j
y1ialaglepsuiniunalditazwat iz nResmsinanefludu dminduves
Tagseasuiuansanuauasenauulii i dureud Andvestuianguaziidwindy
as ¢ 1 ] =J £ o 1 1 o/ L3 1 a d!
Andvasuvasirglinnsaitewdnuinlwliianusedndszwingdlessulazdidnnsou Feay
1 v 1 =y 5 ﬂvJ s L2 IJ 1 s L3
dawalvinszuaunisniananatmenas wilumnuduaswutuvesagsesiuiinedvums
inatuIzaNIsauAIAsERaUN N lALREa 1-10 MV/cm agvihlmiAanisiusnaiyiay
- q‘l A ol - Q‘J‘, A s 1 v I‘J’ -y § d
\inensATuluian wasnniinesatuazdeuniadniusndaeenunadilUiFeUuduildud
uLu - ) @ v 0§ w =) A Yol & v ﬁ
andeuluudivesTagsasiuilvinuauiivedidumindeuluudidenas
1 d‘lﬂ.: IJ Ve e @ & § A
Jymmanituanusaunluleewdsululdfanadininesdwnane (fosaan
1 1 =Y yl‘j =y - F al C:J 1 | v v
Lmaamalwﬁm'ssLLaﬂ'sq'uumﬁuummsnLﬂaauwanluammqanwumsﬁamamsﬁaﬂu’lw
Haudeunin uavarursadasiunisiinonsalddnme msizunassglWivindazadevad
I Ve w a 1) @ o 1% ¢ - v
m’uau'i‘mn‘uaamaasuLLasainaﬁmumnLﬁﬂf’]'lumu’uaem‘smmwa'lwm%mmmaﬂsm;
= | P AN ' P! W v I
ponu1dslumalildinsonsainiu nsmiAiauafmusanveaiadiunalien
ANUFURUS

F= (r" )t (2.1)
&x £0
F = AuRIEIREd (42
J = anuwudunszualwi (4 2 cm)
t 2 nageanlunisiawsa (sed

2.2 unasdrelniddnad (DC Pulses Power Supply)
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jllﬂ 2.5 1133 DC Pulses Power Supply

2.2.1 gunsaleing (MOSFET)
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(@) N-channel depletion-type Mosfet
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2). Ushautaav wiausiaudusa (Pinch-off or saturation Region) inTu
P A )
WD Vs UINNMUIBNINY Vs - Vr
a P a 9/ . . a n'l" P £ 1 =4 [
3). Ushaumdhudadu (Linear Region) LAATULUD Vps UBENINNIDINNNY Ves-
a s v o Y] < = < a1
Vr luuSnandadu | awdsuuuasmudndiues Vos uaziilownd Ip gavaedl Vp dA16n
= 2 9y a ad & a v aaa a ¢ o  w a w =
duaandlduinuniluiadunanslfniselunisaing dmiufueainaussiuinm (W3e
v a o v ) o o '
wsaudunn) eruduvanuieauiliuddusamanevaussiuuseiuiilduuinedafen
muUnFueanmassnvdusame
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2.2.3 viesgeyeyn1e (Vacuum Chamber)
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Asymmetric Bipolar S1&54 , 52854 Vocr # Vocs
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1) S2854
jﬂd 2.10 Tnuan1s¥iuiuy Asymmetric Bipolar

2242 wugeduAdieduuvestumeinlulen (Asymmetric Bipolar

DC Pulses Train)
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2.3.3 mhulisnananany niediy
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1 II.JI Il:] o HIJ/
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vhauvedilasreulnsaiand lnedoyadiiviiisdeyauansanusnisiron, deyadmiu
muumshalugatesinaslululaseeulnsaaed, feyafsuidrunainnesndums,
viadayaiifesdsoonluigunsalmeusndumesnenivg tnedeyaudasyssianfaydnifu
aslu3awesunndreiunumiiniinisviney
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2.3.5.2 Tsunsupmines
< a 1w 1 o o 1 o w M v
M3fgRgarsofndefumireauilusunsuiiedudoyamdslaati
v I aa ¢ v da v o A aa fw w e
gnaes Wunaunandddmesvihnfiimwdvisie Sawedidulusunsy  wislusunsy
\AUeas (Program Counter, PC) lmglusunsuianiimesasidumdsmunusianiasaueaa
1 o e a kg o o wooow
whsanuIlUsunsundigazaeslunssinludeudnaly

2.3.5.3 audin

audin (Stack) Wumhemmsfevilulasaoulnsameinnsdod Tned
wihife ifuteyaiidafesnseguesidames wanilatoyadugnimniiulluauinudar
ansafianiudsudoyaluiame fiduqliiudl ndmnilnuaiatouosuddindumne
Joyarundufiuainauin Fanszurunsifuteyavesaufnesidnuandussiumiodudu
Joyafifudunnoussdossuseniindamiouuu FILO  (First I Last Out) lu
lulasroulnsataesdlnglaziiauguesaudnlitosndt 8 sefu nsiiBsvunvesausin

i
a

unusedidnuruseivinfagBsaslinisvinsuazmntu wszlunisuseananailenaunn
A:J U LY 7 e L3 s d} o td 1 [ nlj at o 1
nvzapaindayaluidameinanieluvinududeu nawinduiainduuwiause Tasamne
1 q' as qf = L - ot L [ ] - v
281NV UNTNTDULND TS wiadadamydngeguse ) vuinvesaudnlaaunfivzdoa
| w e o @ o =5 ) o <
winAvruIAesdaLnesittulusunsuvse PC msziilananiavmaafiuaives PC luaudn

e

2.3.6 mavihnuvashilaspoulnsamed
L4 o ./ ‘J 1 ; 1 o a
lulasaoulnsaaesazannsavianulaiiednglnides uazdereasiiile
dyaruurAniliudiy andudignislululasaeulnsalassasiindefumitgainui

g
s

- 1 ks o W o o & [l ! o
Wsunsuiesuteyadidanagyiaumuddenussgeglumbsanuinlusunsy o
winsauIweslinsdeudeyaadlumbsausilusunsunou Taslulasroulnsaaoiusaz

LS = s o o o ! a i/ 1 v ot
wasazilyuuuuresfeyamdaiuanmaty amuiliideulusunsuauisauddld 2 sefu Ae
AW5EAUGY (High Level Language) uazn1wiledlwuua (Assembly Language) TnsuUnd

v v o o v 1
lulasmeulnsaiaeiseslusunsumesnisueaisuvd ieseninamisaviravldsingniu
v o @ o o o o ¢ 5
nsvuumsiasdeyaddaduargivdunaiiaviaumumdnismilstunou Aeuamin
a g v o a i v Vv =
mwusalnvalutoyagiuduvniienit seUlAn (Opcode) uwddoidevaanisilsu
mweasnudfegidusisiaulelugnidweslulasaoulnsamasivasiugegi
i v P i ) o v o v o o
st uaziladsuueslulasreuinsamesiiagdoninisseu) uasvhanudilagadds
Inigseraviilideanann siuisideulusunsudesdivinvelumsileulusunsuganeaunis
u = ¢ o t oA =l = v
waztirlatiannUnenssuvedlulasroulnsaiaosilueged luvusiinsBeulusunsuse
Lo = ] L3 1 ﬁ: ! .
MWTEIUG D1IIU N 1T 1w Ludn AeartunszuIun1siisendt asulwa (Compile)
P a 1 lyJ o kg 5
WeudasnwsgavgananiuunviaisasessulAnveslulasroulnsaaesivesiu g
= ! = v =] su & o Y = I o = L
doneu  ieldinTesdonnsvenuaifmlviliideulusunsuenalidndudesdnu

anrlnenssuuazyadidseslulasaeulnsaaediveitugedredndauvindunisdeu
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a o & 3 o [} a‘i’ 1 L7 =
NMEYadaLgUUR mmwsnzmaulwmE)'i%wﬂumummu LLG]‘UE]LHEJ’UEN?’I’Tﬂ“UﬂE)ﬂJlWLﬂ'e]'iﬂE]
TIATLWINIAN

2.4 Iassa$ruazantinenssuves dsPIC30F4011
Lulrsreulvsaaasnsna PIC a8am1u3¥m Microchip 1Ju

lulasmoulnsaiaesidilaridunisyieusaquinine wu Module Analog to Digital,
Timer/Counter, USART, SPI uagdu Sedusaquanifzgnadrermegludiipiivsiaien
Wlianunsavihanuldvaisqets uasannsoanludiuraseniauisuiegnas dnlubes
sesmuidfgnsenatiagldinalunisidmdieqiies 1 vde 2 lafadedduindu Tae
msvhauiiudnvarlud lay (Pipe Line) vibilmmglunsiausnnnhdfgily (@
anufiiaiu) uasdinaantfsnaquedilasreulnsaiaes dsPIC30F4011 asUldedhansny
ail

-miheuasdudnunglud lad vlitinsvihauiitaty

-Hmheanuiilusunsuiuuarasaunn 48 Kbytes (16 K Instruction word)

-fivheanudideyaluunsy 2 Kbytes

Svihpanuduuuddnsen 1 Kbytes

-HUITORDUAUBINTDULIDIIWALA 30 Al

-Power-on Reset (POR), Power-up Timer (PWRT) wa¥ Oscillator Start-up Time

(OST)
-Watchdog Timer (WDT)
-annsniiennisiesiudayals (Code Protection)
-lvuausendangaany (Sleep Mode)
‘danlununvesdyranninilavaielvun
doxs ™ B> M
-andunislusinsuwuu ICSP - (In-Circuit Serial Programming )
hewitldes 2.5 §9 5.5 Thast
-Analog to Digital Converter mnuaziden 10 Un 9 Lywiuanislumi
[¢]
MoR O 405 AVDD
EMUD3/ANO/VREF+/CN2/RBO [] 2 39 [ AvVss
EMUC3/AN1/VREFE-/CN3/RB1 ] 3 381 PWM1L/REOD
AN2/SST/CN4/RB2 T 4 370 PWM1IH/RE1
AN3/INDX/CN5S/RB3 (] 5 361 PWM2L/RE2
AN4/QEA/IC7/CNG/RB4 L] 6 o 3500 PWM2H/RE3
ANS/QEB/IC8/CN7/RBS O 7 @ 347 PWM3LRE4
ANG/OCFA/RBG [ 8 E 330 PWMS3H/RES
AN7/RB7 [] 9 O 3211 Voo
ANB/RB8 L 10 w 310 Vss
Voo 011 © 300 CIRXRFO
vssCi2 I 2801 CITXRF1
OSC1/CLKI []13 P 28 U2RX/CN17/RF4
OSC2/CLKO/RC15 [[14 = 27 1 U2TX/ON18/RF5
EMUD1/SOSCI/T2CK/UTATX/CN1/RC13 [ 15 26 1 PGC/EMUC/U1RX/SDI1/SDA/RF2
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14 [ 16 25 PGD/EMUD/U1TX/SDO1/SCL/RF3
FLTA/INTO/RES [] 17 24 71 SCK1/RF6
EMUD2/0C2/IC2/INT2/RD1 L] 18 23 1 EMUC2/CC1/IC1/INT1/RDO
OC4/RD3 [ 19 220 OC3/RD2
Vss [ 20 21 VoD

gﬂﬁ 2.17 $269989 dsPIC30F4011 WaZsIUMUINUE Yy eun e
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2.5 nedneynsu
¢ ﬁ v v ¢ = o ﬁ o
waimaumﬂumi emwauauuwa‘imaummmmmm’iumi eI

m'm:uu YU I.W'i’]uﬂ’]‘iLﬂﬁElUEﬂEJ‘UE]ilaLL‘U‘UE]un‘i&J‘LJuLUuﬂ’liﬁd‘UmJaﬂ'Na” 1 J9 usinasn
’umuuummmawauawammaq Tandonqiula LLm"uamwaenwsﬁaaw's"uauaLmuaunsma
a'mwsﬂawaualr}ﬂu-sva.mNﬁlnarmLLUUﬂumuLs,aJL%wamfmmwuaUmwmsﬁammua
wuuTuL Ussanyesnisdeansuuusynsuntsmudnuardygnadumsduddld 2 wu fo
1).msdoasuuudalasifa (Synchronous) L‘tJumﬁamwaa&aha’l%mmm

wRnlunsmivandamazvesnmssudsdygiu

2).msfeansuuverdslasiia (Asynchronous) \Wunsdeansildansdoya
wleedifien azldquuuuvesnisdedoya (Bit Pattern) WWusimusindaulnududauEusu
foya dwlnutudidoya dlwesnduinsisdeunugnissvestaya uavdulnuiu
dnlinvhevesteya lnsdesimunlidyaraunitnmuhisianadatasanasy

dmiumsinsiedeansdnvnriagldnsiudsdayauuy Asynchronous e
swltmetoyafiosansifen

2.5.1 MAIFIU RS-232-C

mmmu RS 232-C uinnsgiu RS-232 wmmsﬂiwmtﬁlwmnmmmu
WAl mmmmumunwaumnmn RS-232-A %3® RS-232-B aummm’nmummmu RS-
232-D ﬁl‘lmmw RS-232-C Tngitiinsifiudafmunvesroudnnosuuy DB wnlude 1wy
DB-25 m'luwmsuuawﬁummmmmaut.unLmamuuulwuﬂmqmwam @150
Jarimuadlila

é’ﬂ‘wmvimﬂﬁ”ﬁlﬂmmmaL"E‘Jamia*ﬁ’anal,muaunsum:umm'imu RS-232 fa
Lﬂumiaamwauauwmmmmm qum;mLUum?ﬁamwﬂmaivmwﬂaumLmaﬁﬂuiumu 4
ims]LmeamEmvmuavlsﬁ'lm measifuwuuasmamdouiu (Full-duplex) Tngasld
anednn U ieyiueusivn (Hand-shake) waolalfld UINTFIU RS-232 §11iAA1E17
aneli7l 50 Wa (v3aUszana 15 was) duiunisdadyainiiannus 19,200 dnseduni
T,mUﬁmmEma'm;.v,o’fmguaqt:’hﬁaamiﬁamiﬁmwm%aqﬁu wazidF Yy INTUNIUNING
wilulsesnu wievdnailndleSesdnsiiuuuiinsainddyanilnindinssuagen faehld
seaiimsanmudlunisdedyanaamisldasfiduas

(3 Y
O \Efaem O]
% & |

C Lﬁ_%
6 7

Pin Signal Pin Signal

1 ata Carrier Detect 8 Data SelReady
2 Bacewved Data i Bequest to Send

3 Transmitied Data 8 Clogr 10 Seng

4 Terminal 9 i

5 Signal Ground

J o ' 3 Voo = v
UM 2.18 msiweusegunsaigunsalmeusnidniuasufiamesmeany DBY



3 TXD TXD 3
2 R)(D‘->LFRXD 2
7 RTS RTS 7
8 CTS Cc1s 8
4 DTR DTR 4
6. DSR DSR 6
S GND GND 5

UM 2.19 nssagunsaimenansi DBY wuu 3 &y
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-
unm 3
ATPNLUVLATASI tn?mv'fuuuu

nseanuuulazastunasdg i vadliivunsaununmsindsuiiduuns
Iﬁﬁﬂﬁﬁﬁﬂ%ﬂ’lwgdqw&uwﬁmaaﬂLLUU‘Iﬁﬁﬂ?WQJﬂWIuﬂ'E]LLNﬁﬂWﬁ‘?ﬁﬁﬁ’lEjd PIANLNIATA
Tngldnsadndeuvuesduuninlulnandeiideminianiinsaiawuudunaieusenas
udenlaozunsusmveszuunanslinagy

DC Supply 1 —
H-Bridge _ vacuym
DC Supply 2 iy Chamber

t

Computer |=> | Microcontroller

o .
JUH 3.1 Block Diagram v@338uU
o W o v -1 &y
i]'mgﬂ‘n s d?uﬂiﬁﬂﬂUMﬁﬂ‘UﬂﬂiﬁUUﬂG]ﬂﬂﬂ'i']ﬂ?]uu']ﬂﬂﬂ?u‘ﬂ@ﬁ?ﬂ%'5 H-

Bridge 293smuan mslusunsulilasapulvsaiaes uaznisadenismunuiuwesneynsy
v a AR v 4 v a @ v o [
meABNRImeS Aulu Apun1sasanTosiuuULYeituIzsessasslulusunsudunou

3.1 NN5978992995 (Simulation)
N591a09399sunasT T ATNadA28TUSILNSY MATLAB Simulink

Bovmrgul

¥ ¥
- S - e
Mosfet A Aji:gx Mosfet D —if:’} .
] ]
1 3 OC puive wgnst 3
DC putew vignal 1
A 1. veftage Messurement Soooe
T Ve i § s Wacuum Chamber
Equivalence circut
¥ ¥
-ti: .o
Mosfet B —i__} Mosfet C -jE} oe s Tanl 4
; "
< pusa wignel 2
ke

UM 3.2 MsdrnaundsdnglihAiadsaelusunsy MATLAB Simulink



24

ngudu wlifyanumunuaindiidnn fiunaadnglniusssiuge
Uiurlsaasgesiartiniuasas H-Bridge Ll.ﬁﬁi?’l‘c‘iilﬂ%ﬁﬂ'ﬁtﬂﬂﬁﬂﬂE!Eyiy'lﬂ'lﬁé”ltl‘)d%‘i R-C
vundathnasanaadwieveszuumniinseuatinmeie

iy MuuadImsdiassdieg Mmaliauivesuiusdusavadiu 50
kHz 9zliquaiuusesutaanain H-Bridge pagy

[ _LoPge
B0 Tss aRE a %

U 33 wisumesnvIMwsAlFTNA T aesEluTuNT MATLAB Simulink

J o 1 ¥ 1 LY i L L]
1n3UN 3.3 Tunasang Voc,1s 318W3391U 100 V Uas Wnaeae Vpe, 978
WS9AY 1000 V

3.2 neasansuveasabifAdiad
3.2.1 MIEFNNIiN
3.2.1.1 8RALUUNITHIA
o e .. ool w & 2/ =4 a el
2vsiaweuvasaliddiadisdasdiuseiureanduguid
v cd e P W L o o o ar < ] wt :
WadnFurwhudslimnniate 2.2.4 dadu HWITRMBDIUUVAHFUT AU

Vdel Vde2
O— O
25K1317 : 25K1317 E
s1 O——Jl-—— 53 .
DC Pulse output
—-—...o 0—-—..._...
25K1317 I: 25K1317
52 . 54
O ——0
0 0

UM 3.4 sUwsesuvaselihATad
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a @ 4 L é‘ =
]ll'ﬁ 3.5 2993018 MATNYUTY

3.2.1.2 vilnveuedinnrig
Wasnnssundsielniaivadiusdsannsademasiniile
fia 1000 V Anhussauaiiliasdemuussiuléfe 1000 V 3ulu Suderliueaminmdaas
25K1317 fianrsenuuseiuléide 1,500 V uazanmiovunszuald 2.5 A

Application
High speed power swirching
Features

* High breakdown valtage \po = 1500 V
* High speed switching
7 . Gate *  Low dnve coremt
. £ 2.0nim
- Fmge) = No secondary breakdown
1 3. Sourcs *  Suitable for switching regulator. DC-DC ¢ and motor driver

U 3.6 voauiaids 25K1317

3.2.1.3 ungssuduliusgeeuenin
uvasdrelwiusssugaliualaesddaunsaiiu Pinnacle 2/2 kw
DC 11/12 Operation aunsadnausswivggn 1kv lagestaning

Ui 3.7 undedalwitusssugasudldililumsinmaaes
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3.22 MIATNNITAIUAY

3.2.2.1 29vIWidBe (Power Supply)
nusliEsafieanuuuasldnioudalnita 220 / 18 V daidiuaees

Feanssuauvuiiuaiu nsasnssudliibiSeudmosnAvdszsgana 1000 pF - antuld

hawasnqaweiiuesd 7815 wediausduliinde 15 v
2935 LA TTUMITUNIT2935 Fraasusnanousadulipse 15 V

wallulmiaasrensasiuing (Gate driver dircuit) dwnasiaaniuavdisussulnse 15 v
-4 g - & P - 5 <
walttulviideaveialulasraulnsaass anvanRawsnasiiidsseeniluaseesd
k" o al ﬂ' d ar 1 a ] ar z = ar
msrzasnssliesstuinadudeuiunediiegivaesmdniunendaszduuesa
lulasasulnsaiaed fvniarufansestiulurasids aufiandaniuavlelidna

nsznuiweialulaspraulnsaians

' O
ZIS 7815 Pp AT
18 Vac
1000 uF 0.1uF 0.1uF
220 Vac % —/—r-_—\- - —
T L,
ov

U 3.8 assslnidsenszuanss 15 v ieiulndsweiabilasaaulnsaaes

".‘
F
>
g w0
g—
s

Ui 3.9 2eslnidesitasetiuase
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3.22.2 nwshulasaoulnsaians (Microcontroller Gircuit)
Nas'luiﬁ'iﬂau‘imataaiﬁhqulﬂuasnlu'iﬁiﬂauiwsmaassu
dsPIC30F4011 w;ﬁuuasaﬁ'u-m-sﬂ liidindyqraduinaddwadouin 5V dansidou
TUsunsuam@sinilusunsy MPLAB IDE 8.84

Uil 3.10 vesslilasmoulnsaiaas fu dsPIC30F4011

3.2.2.3 AMsusnnsmamBu (Opto-isolator)
MEkenNINAMBLaRan I lnwsweniuagadasznielii Tay
lgunsaimeuasiiseniieeuldsuia (Optocouple)
vr::fﬂmwmaaﬂlﬁ'ﬁmﬁaﬁan'l'iﬁﬂa'ftuutg':mmphu‘lﬂ‘[aﬂuJEEau.aq
(LED) uavittsingazlunssfulimsnidasaimeuas (Phototransister) annsathnssuals
vilildgudyanafifioutuudsiuiaeennndndniwessauliduidia

+15Vv
- 8
2 | 5 +15 \gnulse
O—W——

+5V signal £ _* = P

i 2 O

oV
TLP250 .

U 3.11 vdnmeiheuresestladuda

3.2.2.4 ywstuinauasusnnsmn (Gate Driver and isolate Gircuit)
']ﬁﬂﬂi"ﬂﬁﬂﬂﬂﬁ’“?i'ﬂﬂlﬂﬂI.l.i.:l"&ﬂﬂﬂi?’}ﬁﬂﬂl.ﬂﬂlﬁﬂﬂ'ﬁﬁl]ﬂ'!ﬂﬂﬂ'iﬂ.l
ﬁ']ﬁ‘h’ﬂI.I.E‘l“llﬂﬂ'l\!"ﬂiﬂ'JUﬁljﬂU?\!ﬂiﬂ’la\‘lﬂu‘[ﬂﬂlﬁﬂuﬂE]ﬂuﬁ'lﬂllﬂw'llﬂﬂﬂil\‘mUH’ﬂﬂlaUﬂ'!ﬂ‘il']ﬂ
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L s 1 1 s ke s l-i. GJ o s & d
MAsMAsEINAg9ITAIUAN Tngeastuinmazaiaussnuiisameioziiluduninaiiens
lvineamnindiannsarineu (on) wiengavhauld (off)

i o v o ] |
Tneaeluv9sazdl Opto-Isolator Fevimiueni99ssevindu
NITAIUANBINIINNITEN UAazAIUTBILTIRUIRITUINARAZLBNNS IR Tl sasiuUIN
u GJ a 1 1 1 v 1 O 1 3
wazuswuaulaeiussiunenmuInaedidliddosndt 8 1aad uazuseiunesuavasil
' ¢ 4 9 v = v o v 1 v & o 1
Asznm -5 Tad teliueamniinisaeyssaiiseuissnaundifainelm

+15 V47uF 47uF
100 il
300 H 2 AV
& ] 2k J1n4733
DC Pulse 1 o—wW\—— TLP250 |— 10

3 _G'_'vv

4 5 ::

- > 10k | L——0§

—_.oG

d ar
UM 3.12 23stuinanazuennsnig

3.2.2.5 MWTWVBINIIAIUAY
AMTINVDINITAIUANALT

@ s

NuUEAgY

+15 V47uF 47uF
1oo| i

10 2k |1N4a733

AAA
YWy

300 Y
DC Pulse 1 e—WW—— TLP250

N

-

T
17 SISV Jheda

1
%

+15 Va7uF 47uF
-~ JL
100 I L L}

=

300
DC Pulse 2 oe—wA—— TLP250

10 2k |1N4733

¥

N

e

)
N
I

jit? | —g30 14 of

+15 Vi?uF 47uF

100 I L] ::
300 5 — A —

DC Pulse 3 o—ww——] TLP250 |- ,10 2k [1N4733

wW
-

2 10k S
——o2 Tos3

Al

N

“1
-k

£+15 \Y 47uF 47uF
1
8

00 ' L LU

300 ARt

DC Pulse 4 e—wwW——] TLP250 —:._‘}9 2k |1n4733
(e}

q = ; ] | -~
L F 39 | =25 ''To 54

Yy

al
FUN 3.13 nwsauveeeasaiuay
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U 3.5 2evsundshelihidiaduuuuiiadiueie

3.23 maindygratunsnadmelilaseoulmawmes
3.23.1 Iawrin (Rowchart)
Wasevasmsivsunsululasreulnsaaeiazlinsugua 1
faTa lWiTesq wanileiinsiusainnesaeunsuiniu Tsunsuezdadone (nterrupt)
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o [ % i A w { = d 2
nsvinuaslUsunsunan (Main Routine) Wasumn T1 fis T4, P uaz N fidadrunanwesn
aynsu sty Inavinveslusunsumupumsvihuvesumasiglwiddwadazuiady

ansnvaalusunsuvan (Main Routine) waz Tusunsugoy (Sub Routine)

( Start )

»
>

<
<%
y

Y
T
51=1,53=0
52=0,54=1

b
T2
51=0,53=0
$2=1,54=1

YES

T3
51=0,83=1
S2=1,54=0

Y

T4
51=0,53=0
S2=1,54=1

NO

Receive

U 3.16 Tranmdmveslusunsundn

@

MU

be



( Receive )

YES

YE=S

Receive T3

YES

Receive T4

l
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\ 4

Receive T4

YES
NO

Receive P

YES

Receive N

YES

Return

gﬂﬁ 3.17 Waw$nue9i9aston



3.2.32 gurduASiadilavinmsTusunsy

4w o «r o
vinmsisunalilasaeulnsaaeiiteasigunduiawadaud
v 3 il é J s :; éu s :
sesnsuueslagurauneluivennavewaaiavisdsasal

15~dan-13 1655 K2 1285H

]'Uﬂ 3.19 dqgnaudurinaresusas S3 (L) uasuaaia 54 (519)
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15—-Jan-13 16:57 BRI238Me.

jﬂ'ﬂ 3.21 dygativrinataaaia S1 (u) uwasuaawa S3 (6)
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L R e N N R R R R SRR LR

s

15~ Jan—13 1657

1\5{ 3.22 Ayanudvrinausaieaa S2 (Uu) uasusama S4 (819)

@l

4 L ar L] =3 'lvl L v i -t d e
dlelidyanutuhaiadidsua wlaussureantenasiawiagy
: J i ar - L
daluil Futugurtunasgurasumdsiaslyihatiaduuuiumintulng

Uil 3.23 dggnaussiuresnenasduuuimusinlulna:
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3.3 nmsainasmugeiunexiames (Computer Control Panel)
331 msfudiieyresnnameineyrnidlilasrerlnsnwes

mfsawauaumwasmaunmw*ua’lﬂﬁiﬁau‘(wsaLaamuq-ﬁaaamauamuﬂau
wasadi 3 (TX) mmsf‘ﬁuiniﬂaﬂmamaﬂ enmSﬂiuuanauﬂﬁ@mmﬂﬁmuuammm
A18ATIN1ITUTBYa (Baud  Rate) ?Jaq‘lu'[mﬂauimaLaaﬁuﬁsqnuamwmﬁawauaﬂm
AaUNIABS Tﬁam'iawauaa1ﬂﬂaummasuua1m*iﬂm1ﬂua'emﬁ 1ﬁﬂﬁﬂawﬂﬂﬁanﬁaq
fayaralusunsulawesinesiivea (Hyperterminal) Fasdumaiiavsslusunsulaweodinas
ﬁuaaﬁua:uﬁaﬂ"s’é’ﬁdﬁ 3.25 zhu'"'i‘ﬁ'ﬁ‘a'lm'iﬂﬁ'lmﬁdaiaualﬁwawaiﬂuuu%ummﬁﬂvhlﬁ'
wanes iy ﬂ"l‘il‘ﬂll'il.l.ﬂill Visual Basic 6.0 mmmsammmmwauaua asdunasiva
Funla

mumamum'imﬂ'l‘luiﬂsﬂauTmaLaawuﬁmmm'lwam"m"ﬁiaawana

u.aumu’muamvmﬂaﬂauawuwu’lumqﬂmauav'ﬁﬂwmnﬁmmain Tﬁaﬁmzwmauam
UM NHaIABYNTL ‘lu‘lﬂsﬂauimataaﬂ SMITRIMIL (interrupt) Tﬂsunswamwama
n7uguIUATTHiweIanag ma‘m-uanamunwwnmmnwﬁmn'ﬁum Tﬂmnimvnaum
q’Iﬂ5uﬂiuuanua.,uaﬂwamamwmnLmasﬁlam'ltﬂnma‘lﬂ

o & 3 - <
;\Jﬂ 3.25 mseuneimeynIuszrinAsuIweaitazlulasroulvsaaes
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3.3.2 mimugumime idgygralaslusunsu Visual Basic 6.0

3.3.2.1 Visual Basic
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4.1.3 usidumeenilulnun Positive Unipolar
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2SK1317

Silicon N-Channel MOS FET

HITACHI

Application
High speed power switching
Features

e High breakdown voltage Ve = 1500 V

e High speed switching

e Low drive current

e No secondary breakdown

e Suitable for switching regulator, DC-DC converter and motor driver
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2SK1317

Absolute Maximum Ratings (Ta = 25°C)

Item Symbol Ratings Unit
Drain to source voltage Viss 1500 \%
Gate to source voltage Viss +20 \Y
Drain current Is 2.5 A
Drain peak current — 7 A
Body to drain diode reverse drain current Fas 2.5 A
Channel dissipation Pch*? 100 w
Channel temperature Tch 150 °C
Storage temperature Tstg —-55 to +150 °C
Notes: 1. PW <10 us, duty cycle £ 1% '

2. Valueat T, = 25°C
Electrical Characteristics (Ta =25°C)
ltem Symbol Min Typ Max Unit Test conditions
Drain to source breakdown Vigrpss 1500 — — Vv lp =10 mA, Vg =0
voltage
Gate to source leak current o — - *1 LA Ves =220V, Vs =0
Zero gate voltage drain current g — — 500 A Vs = 1200V, Vg =0
Gate to source cutoff voltage  Viegey 2.0 — 4.0 \" lb =1mA, Vye=10V
Static drain to source on state  Ryg,, — 9 12 Q lpb=2A, Vgg=15V ™
resistance
Forward transfer admittance lyfs| 0.45 Q75 s S lb=1A Veig=20V*
Input capacitance Ciss - 990 — pF Vps =10V, Vg =0,
Output capacitance Coss - 125 — pF f=1MHz
Reverse transfer capacitance  Crss — 60 - pF
Turn-on delay time tyon) — 17 — ns lpb=2A Vi =10V,
Rise time t — 70 — ns R =15Q
Turn-off delay time tatotn — 110 — ns
Fall time t — 60 — ns
Body lo drain diode forward Ve - 0.9 — \% [r=2A Vg, =0
voltage
Body to drain diode reverse 1. — 1750 — ns I;=2A, Vg =0,
recovery time di-/dt = 100 A/us
Note: 1. Pulse test

HITACHI
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Power vs. Temperature Derating Maximum Safe Operation Area
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Drain to Source Saturation Voltage

Case Temperature Tg (°C)

Static Drain to Source on State

g vs. Gate to Source Voltage Resistance vs. Drain Current
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Body to Drain Diode Reverse
Recovery Time

Typical Capacitance vs.
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Reverse Drain Current Ipg (A)
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, acronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.

Hitachi, Ltd.
Semiconductor & Integrated Circuits.
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Japan . http:/iwww.hitachi.co.jp/Sicd/indx.htm
For further information write to:
Hitachi Semiconductor Hitachi Europe GmbH Hitachi Asia Pte. Ltd. Hitachi Asia (Hong Kong) Ltd.
(America) Inc. Electronic components Group 16 Collyer Quay #20-00 Group Il (Electronic Components)
179 East Tasman Drive, Dornacher Strage 3 Hitachi Tower 7/F., North Tower, World Finance Centre,
San Jose,CA 95134 D-85622 Feldkirchen, Munich Singapore 049318 Harbour City, Canton Road, Tsim Sha Tsui,
Tel: <1> (408) 433-1990 Germany Tel: 535-2100 Kowloon, Hong Kong
Fax: <1>(408) 433-0223  Tel: <49> (89) 9 9180-0 Fax: 535-1533 Tel: <852> (2) 735 9218
Fax: <49> (89) 9 29 30 00 Fax: <852> (2) 730 0281
Hitachi Europe Ltd. Hitachi Asia Ltd. Telex: 40815 HITEC HX
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Whitebrook Park 3F, Hung Kuo Building. No.167,
Lower Cookham Road Tun-Hwa North Road, Taipei (105)
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Tel: <44> (1628) 585000
Fax: <44> (1628) 778322
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo—-IC
Transistor Inverter
Inverter For Air Conditionor e -
Unit in mm

IGBT Gate Drive
Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DI1P package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

e Input threshold current: IF=56mA(max.)

e Supply current (Icc): 11mA(max.)

* Supply voltage (Vce): 10-35V

e Output current (I0): £1.5A (max.)

* Switching time (tpLH/tpHL)! 1.5ps(max.)

e Isolation voltage: 2500Vyms(min.)

e UL recognized: UL1577, file No.E67349

e Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
» Creepage distance: 6.4mm(min.)
Clearance: 6.4mm(min.)

Schmatic
lcc
¢ ¢ O Vce
rL 8
Ig (Te 1)
-
2+ —0 Vg
VE }:; >’ z
3 = 9 d\¥ag
lo 6
T (T,-Z)
® ® O GND

A 0.1pF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).

Truth Table

Tr1 Tr2
Input On On Off
LED Off off On

ETEYE:]

EIRT

TOSHIBA

11-10C4

Weight: 0.54 g

Pin Configuration (top view)
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4

2[]
3|:}_>

s
7
e
o35

@ NG e WwN =

:N.C.

: Anode

: Cathode
:N.C.

: GND

1 Vo (Output)
Vo

:Vee
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Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alp / ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage VR 5 Vv
Junction temperature Tj 125 °C
“H"peak output current (Py < 2.5ps,f < 15kHz) (Note 2) lopH -1.5
“L"peak output current (Pyy s 2.5us,f < 15kHz) (Note 2) lopL +1.5
(Ta =70°C) 35
Output voltage Vo \Y
5 (Ta=85°C) 24
2 (Ta$70°C) a5
= Supply voltage Vee \
(Ta =85°C) 24
Output voltage derating (Ta =2 70°C) AVg ! ATa -0.73 VG
Supply voltage derating (Ta 2 70°C) AVee / ATa -0.73 V/°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.s 60%) (Note 5) BVsg 2500 Vrms

Note 1:  Pulse width Py < 1ps, 300pps

Note 2. Exporenential wavefom

Note 3:

Note 4: It is 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

together.

Exporenential wavefom, lopH < —1.0A( = 2.5ps), lopL < +1.0A( < 2.5us)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 8, 7 and 8 shorted

A ceramic capacitor(0.1pF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min, Typ. Max. Unit
Input current, on (Note 7) IF(ON) i 8 10 mA
Input voltage, off VE(OFF) 0 — 0.8
Supply voltage Vee 15 — 30 20
Peak output current lopH/loPL — — +0.5
Operating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 us.
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Electrical Characteristics (Ta = —20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — Ir=10mA , Ta=25°C 1.6 1.8 \
Temperature coefficient of _ "
forward voltage AVE/ATal — |Ig=10mA — -2.0 — |mvic
Input reverse current IR — Vg =5V, Ta=25°C - 10 UA
Input capacitance Cr — V=0,f=1MHz , Ta=25°C —_ 45 250 pF
“H" level 5B 3 IF =10 mA 05 | -15 =
Vec=30v |Va-e=4V
Output current *1) A
w » IF=0
L" level lopL 2 Ve.5 = 2.5V 0.5 2 —_
up gm Voot = +16V, VEgq = -15V _
H" level VoH 4 RL = 2000, If = 5mA 11 12.8
Output voltage \%
w n Veeq = 15V, VEgq = -15V - _ g
L" level VoL 5 R[ = 2000, Vi = 0.8V 14.2 12.5
Vee =30V, I = 10mA . 7 _
“H” level lccH s N8 =250
=30V, Ig = 10mA - b Y
Supply current Vee J R L mA
Vee = 30V, I = 0mA _ 7.5 —
“" level lEaL ) & Ta=25°C ’
Vee =30V, I = OmA — —_ 11
Threshold input “Output I Veeq = +15V, VEg1 = 15V
" — — 1.2
current L—H Fo RL =200, Vo > 0V i i
Threshold input Qutput = IFHL p . Veeq = +18V, VEgq = -15V 08 A= | § v
voltage H—L R| = 2000, Vg < 0V
Supply voltage Vee 78 10 —_ 35 Vv
C?apamtance Cs . Vg=0,f=1MHz - 1.0 2.0 pF
(input—output) Ta =25+
) | | Vg =500V, Ta = 25°C 12 14
Resistance(input-output) Rs — R.H.< 60% 1%10 10 —_ Q
* All typical values are at Ta=25°C  (*1): Duration of Ig time < 50us
3 2004-06-25



TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H tpLH — 0.15 0.5
eIy dhe HoL tpHL IF = 8mA (Note 7) = 015 | 05
6 Vee1 = +15V, VEgq = -15V us
Output rise time tr R = 200Q —_ - =
Output fall time tf — — —
Common mode transient _ _
immunity at high level CMH 7 3CM - gg\OI,V‘TLF;;;?CA -5000 — — V /s
output cc ’
Common mode transient
: : Vem = 600V, IF = OmA
immunity at low level CmL b _  hre 5000 - — V/ips
output Vee = 30V, Ta = 25°C

* All typical values are at Ta = 25°C

Note 7: Input signal rise time (fall time) < 0.5 pus.
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TOSHIBA

TLP250

Test Circuit 1 :

Test Circuit 3 : IOPH
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4[]

Test Circuit 5: VoL
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Test Circuit 2 : IOPL
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Test Circuit 4 : VOH
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TOSHIBA

TLP250
Test Circuit 6: tpLH, tpHL, tr tf
I: 1.8,
|
J L 0.ApF Vee
O—I :] T Vo r VoH 80%
T RL GND

100Q

Test Circuit 7: CmH, CmL

[ =

Ao'o B J
[ =
[ 5] ]_4.
Vem
'y T
600V
v " 90% |
CM  10% . a
I 13
SW A(lF=8mA)
v
Vo LV — 26V
G -
SW :B(I=0)

Gt 480 (V)
T (ps)

480 (V)

CMH G-y |
f (Us)

CMmL(CmR) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.
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TOSHIBA

TLP250
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

» The information contained herein is subject to change without notice.

* The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
“Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all lypes of safely devices, elc.. Uninlended Usage of TOSHIBA producls
listed in this document shall be made at the customer's own risk.

¢ The products described in this document are subject to the foreign exchange and foreign trade laws.

¢ TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.

¢ GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.
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General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain
adjustable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for
the heat sinking provided, the thermal shutdown circuit

&National Semiconductor

LM78XX Series Voltage Regulators

February 1995

of external components. It is not necessary to bypass the
output, although this does improve transient response. Input
bypassing is needed only if the regulator is located far from
the filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

® Output current in excess of 1A

B Internal thermal overload protection

B No external components required

m Output transistor safe area protection

B Internal short circuit current limit

m Available in the aluminum TO-3 package

Voltage Range

takes over preventing the IC from overheating. LM7805C 5V
Considerable effort was expanded to make the LM78XX se- LM7812C 12v
ries of regulators easy to use and mininize the number LM7815C 15V
Schematic and Connection Diagrams
2 T & A Metal Can Package
; = TO-3 (K)
Aluminum
Ao i OUTPUT—. —GND
Als
m
INPUT —
S TL/H/TT46-2
1 Bottom View
aurrPuT
) Order Number LM7805CK,
:: n1 LM7812CK or LM7815CK
gt See NS Package Number KC02A
RY Plastic Package
i TO-220 (T)
——— T

< A1t
4 26k
.D

GND

a1

[ —— wrur

ovD — O

TL/H/7746-3
Top View
Order Number LM7805CT,

LM7812CT or LM7815CT
See NS Package Number T03B

TL/H/T746-1

©1995 National Semiconductor Corporation TL/H/TT46

RAD-B30M115/Printed in U. S. A,
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Input Voltage (Vo = 5V, 12V and 15V) 35v
Internal Power Dissipation (Note 1) Internally Limited

Maximum Junction Temperature

(K Package)

(T Package)

Storage Temperature Range
Lead Temperature (Soldering, 10 sec.)

150°C
150°C
—65°C to +150°C

Operating Temperature Range (Ta) 0°Cto +70°C TO-8 Package K 300°C
TO-220 Package T 230°C
Electrical Characteristics LM78XXC (Note 2) 0°C = Tj = 125°C unless otherwise noted.
Output Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19V 23V Units
Symbol Parameter Conditions Min | Typ | Max | Min I Typ rMax Min ] Typ I Max
Vo Qutput Voltage Tj=25°C,5mA < Ig< 1A 4.8 5§ 52115 12 125]| 144 15 156
Pp < 15W,5mA < lg < 1A 4.75 5.25| 11.4 12,6 | 14.25 1675 V
VMIN £ ViN € ViMax (75<VN<20)|(145<Viy<27)| (176<Viy<30) | Vv
AVg Line Regulation lo = 500 mA|Tj = 25°C 3 50 4 120 4 150 | mV
AViy (7<Vin<25) |145<Vy<30)| (175<Vy<30) | V
0°C < Tj=< +125°C 50 120 150 mV
AViN (B<Vin<20) | 15<Vy<27) | (1BE<Vy<30) | V
lo < 1A Tj/=5'C 50 120 150 | mv
AViN (75<ViN<20)|(1468<Vy<2n)| (177 <sVy<30) | V
0°C=<Tj=< +125C 25 60 75 mv
AViN BsVys12) | (16 <V <22) (20 < Viy < 26) \
AVo Load Regulation Tj = 25°C 5mA < Ig < 1.5A 10 6O 12 120 12 150 | mV
250 mA < g < 750 mA 25 60 75 mV
5mA<igp<1A0°C<Tj< +125°C 50 120 150 | mV
g Quiescent Current  [lg < 1A Tj = 25°C 8 8 8 mA
0°C < Tj< +125°C 8.5 8.5 8.5 mA
Alg Quiescent Current  [5mA < Ig < 1A 0.5 0.5 05 | mA
Change Tj = 25°C, g < 1A 1.0 1.0 10 | mA
VMIN £ VIN < VMax (75<Vy<20)| (148<viy<2n | (179<viy<30) | Vv
lo < 500 mA, 0°C < Tj < +125°C 1.0 1.0 1.0 mA
VMIN € ViN € VMax (7<Viy<25 |(145<Vys30) | (176 <Vvy<30) | V
Vn Output Noise Voltage| T4 =25°C, 10 Hz < f < 100 kHz 40 75 90 nv
AViy  |Ripple Rejection lo < 1A, Tj = 26°C or 62 80 55, 72 54 70 dB
AVour f =120 Hzy lg < 500 mA 62 55 54 dB
0°C < Tj < +125°C
VMIN < VIN £ Viax (BxViys18) | (15<Vy<25) |(185< V<285 V
Ro Dropout Voltage Tj = 25°C, loyr = 1A 2.0 2.0 2.0 A
Output Resistance |f = 1 kHz 8 18 19 mQ
Short-Circuit Current |Tj = 25°C 241 1.5 2 A
Peak Output Current |Tj = 25°C 2.4 2.4 24 A
Average TC of Voyt [0°C < Tj < +125°C,lp = 5 mA 0.6 1.5 1.8 mV/°C
Vin Input Voltage
Required to Maintain |Tj = 25°C, g < 1A 7.5 14.6 17.7 \"
Line Regulation

Note 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C/W junction to case and 35°C/W casa to ambient. Thermal resistance of the TO-220

package (T) is typically 4°C/W junction to case and 50°C/W case to ambient.

Note 2: All characteristics are measured with capacitor across the input of 0,22 uF, and a capacitor across the output of 0.1F. All characteristics except noisa
voltage and ripple rejection ralio are measured using pulse techniques (t, < 10 ms, duly cycle < 5%). Output voltage changes due to changes in Internal

temperature must be taken into account separately.




Typical Performance Characteristics
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Physical Dimensions inches (millimeters)

0.151-0.161
(3.835—4.089)
DIA TYP

0.165-0.179
(4.191—4.547)
RTYP  0.210-0.220
(5.334—5.588)
| _0.655-0.675
(16.64—17.15)
1477-1.197
(29.90—30.40)

Aluminum Metal Can Package (KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC02A
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~~|(23.88—24.89)
DIA
0.800 —0.815 | 0.250—0.350
(zn.azDTAzo.m) - > 16.350—8.800)
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MAX —-‘ "—tﬂ.985—1.0921
DIATYP
0.420—0.440

{10.67—11.18)

_0.970-1.050
(24.64—26.67)
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LM78XX Series Voltage Regulators

Physical Dimensions inches (milimeters) (Continued)
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TO-220 Package (T)

Order Number LM7805CT, LM7812CT or LM7815CT

LIFE SUPPORT POLICY

NS Package Number T03B

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

be reasonably expected to result in a significant injury

to the user.

National Semiconductor

o

National Semiconductor

National Semiconductor
Japan Lid.

National Semiconductor

Corporation Europe Hong Kong Ltd.
1111 West Bardin Road Fax: (-+49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2309
Arlington, TX 76017 Email: cnjwge®levm2.nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-043-299-2408
Tel: 1(800) 272-9959 Deutsch Tel: (+489) 0-180-530 85 B85 Tsimshatsul, Kowloon
Fax: 1(800) 737-7018 English  Tel: (+49) 0-180-532 78 32 Hong Kong

Frangais Tel: (+49) 0-180-532 93 58 Tel: (852) 2737-1600

ltaliano  Tel: (+49) 0-180-534 16 B0 Fax: (852) 2738-9960

not assume

ity for use of any circulry described,

ara implied and ves tha right at any time without notice 1o change sald circuitry and specifications.
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1N4001 - 1N4007

1.0A RECTIFIER

Features

Diffused Junction

High Current Capability and Low Forward Voltage Drop | |
Surge Overload Rating to 30A Peak A B A
Low Reverse Leakage Current RN
Lead Free Finish, RoHS Compliant (Note 3) I .
SRR RN e )
Mechanical Data T
o G
Case: DO-41 D
Cas,_e Material: Molded Plastic. UL Flammability Classification DO-41 Plastic
Rating 94V-0 Dim —m Max
Moisture Sensitivity: Level 1 per J-STD-020D A 25 :0
Terminals: Finish - Bright Tin. Plated Leads Solderable per B 2 66 5_21
MIL-STD-202, Method 208 - :
e 0.71 0.864
Polarity: Cathode Band 2.00 572
Mounting Position: Any Al DimenelBhs In min
Ordering Information: See Page 2
*  Marking: Type Number
*  Weight: 0.30 grams (approximate)
Maximum Ratings and Electrical Characteristics @7, = 25°C unless otherwise specified
Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.
Characteristic Symbol | 1N4001 [ 1N4002 [ 1N4003 | 1N4004 | 1N4005 [ 1N4006 | 1N4007 | Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VewMm 50 100 200 400 600 800 1000 Vv
DC Blocking Voltage VR
RMS Reverse Voltage | VR{EMS) 35 70 140 280 420 560 700 N
Average Rectified Qutput Current (Note 1) @ Ta = 75°C lo 1.0 A
Non-Repetitive Peak Forward Surge Current 8.3ms | 30 A
single half sine-wave superimposed on rated load FSM
Forward Voltage @ Ir = 1.0A VEM 1.0 \
Peak Reverse Current @Ta = 25°C | 5.0 WA
at Rated DC Blocking Voltage @ Ta = 100°C 2 50
Typical Junction Capacitance (Note 2) G 15 8 pF
Typical Thermal Resistance Junction to Ambient RgJa 100 Kw
Maximum DC Blocking Voltage Temperature Ta +150 °C
Operating and Storage Temperature Range Ty, Tsta -65 to +150 2o
Notes: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.

2. Measured at 1.0 MHz and applied reverse voltage of 4.0V DC.

3. EU Directive 2002/06/EC (RoHS). All applicable RoHS exemptions applied, see CU Directive 2002/95/CC Annex Notes.

DS28002 Rev. 8 -2
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Ordering Information (Note 4)
Device Packaging Shipping
1N4001-B DO-41 Plastic 1K/Bulk
1N4001-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4002-B DO-41 Plastic 1K/Bulk
1N4002-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4003-B DO-41 Plastic 1K/Bulk
1N4003-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4004-B DO-41 Plastic 1K/Bulk
1N4004-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4005-B DO-41 Plastic 1K/Bulk
1N4005-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4006-B DO-41 Plastic 1K/Bulk
1N4006-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4007-B DO-41 Plastic 1K/Bulk
1N4007-T DO-41 Plastic 5K/Tape & Reel, 13-inch
Notes: 4. For packaging details, visit our website at http://www.diodes.com/datasheets/ap02008.pdf.
DS28002 Rev. 8 - 2 20f3 1N4001-1N4007
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IMPORTANT NOTICE
Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to any product herein. Diodes Incorporated does not assume any liability arising out of the application or use of any product
described herein; neither does it convey any license under its patent rights, nor the rights of others. The user of products in such applications shall
assume all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on our website,
harmless against all damages.
LIFE SUPPORT

Diodes Incorporated products are not authorized for use as critical components in life support devices or systems without the expressed written
approval of the President of Diodes Incorporated.
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1N4728A - 1N4761A

1.0W ZENER DIODE

Features

° 1.0 Watt Power Dissipation

» 3.3V - 75V Nominal Zener Voltage B

+  Standard Vz Tolerance is 5% ’ _L

. Lead Free Finish, RoHS Compliant (Note 2) ]—_— _L

e S |
T &

Mechanical Data 11 -

« Case: DO-41

» Case Material: Glass. UL Flammability DO-41 Glass

Classification Rating 94V-0 Dim Min Max
e  Terminals: Finish— Sn96.5Ag3.5. Solderable
per MIL-STD-202, Method 208 A 26.0 -

e  Polarity: Cathode Band B — 4.10

=  Marking: Type Number e = 0.86

*  Weight: 0.35 grams (approximate) D — 260

All Dimensions in mm
Maximum Ratings @Ta = 25°C unless otherwise specified
Characteristic Symbol Value Unit
Zener Current (see Table page 2) Iz Pd /Vz mA
Power Dissipation P 1.0 W
Derate Above 50°C  (Note 1) 4 6.67 mW/°C

Thermal Resistance - Junction to Ambient Air RoJa 175 °C/W
Forward Voltage @ Ir = 200 mA VE 1.2 \
Operating and Storage Temperature Range T, Tste -65to + 175 °C

Notes: 1. Valid provided that leads are kept at TL @ 50°C with lead length = 9.5mm (3/8") from case.

2. EC Directive 2002/95/EC (RoHS) revision 13.2.2003. Glass and high temperature solder exemptions applied where applicable,
see EU Directive Annex Notes 5 and 7.

DS18007 Rev. 18-2
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Electrical Characteristics

@Ta = 25°C unless otherwise specified

Nominal Zener Test Maximum Zener Impedance Maximum Reverse Mgﬁﬁ:;?& Temperature

Type Voltage (Note 3) Current (Note 4) Leakage Current 8.3ms Coefficient

Number Vz@lzr Iz Zzr@lzr | Zzxk @ lzx Izk Ir @ Vr Izs Bizr
V) (mA) Q) Q) (mA) (HA) (V) (mA) %I°C
1N4728A 3.3 76 10 400 1.0 100 1.0 1380 -0.08 to -0.05
1N4729A 386 69 10 400 1.0 100 1.0 1260 -0.08 to -0.05
1N4730A 3.9 64 9.0 400 1.0 50 1.0 1190 -0.07 to -0.02
1N4731A 4.3 58 9.0 400 1.0 10 1.0 1070 -0.07 to -0.01
1N4732A 47 53 80 | 500 1.0 10 1.0 970 -0.03 to +0.04
1N4733A 5.1 49 7.0 550 1.0 10 1.0 890 -0.01 to +0.04
1N4734A 5.6 45 5.0 600 1.0 10 2.0 810 0 to +0.045
1N4735A 6.2 41 2.0 700 1.0 10 3.0 730 +0.01 to +0.055
1N4736A 6.8 37 3.5 700 1.0 10 4.0 660 +0.015 to +0.06
1N4737A 75 34 4.0 700 0.5 10 5.0 605 +0.02 to +0.065
1N4738A 8.2 31 4.5 700 0.5 10 6.0 550 0.03t0 0.07
1N4739A 9.1 28 5.0 700 0.5 10 7.0 500 0.035 10 0.075
1N4740A 10 25 7.0 700 0.25 10 7.6 454 0.04 to 0.08
1N4T41A 11 23 8.0 700 0.25 5.0 8.4 414 0.045 to 0.08
1N4742A 12 21 9.0 700 0.25 5.0 g1 380 0.045 to 0.085
1N4743A 13 19 10 700 0.25 5.0 9.9 344 0.05t0 0.085
1N4744A 15 17 14 700 0.25 5.0 11.4 304 0.055 to 0.09
1N4745A 16 15.5 16 700 0.25 5.0 12.2 285 0.055 to 0.09
1N4746A 18 14 20 750 0.25 5.0 136 250 0.06 to 0.09
1N4747A 20 12.5 22 750 0.25 5.0 15.2 225 0.06 to 0.09
1N4748A 22 11.5 23 750 0.25 5.0 16.7 205 0.06 to 0.095
1N4749A 24 10.5 2§ 750 0.25 5.0 18.2 190 0.06 to 0.095
1N4750A 27 9.5 35 750 0.25 5.0 206 170 0.06 to 0.095
1N4751A 30 8.5 40 1000 0.25 5.0 22.8 150 0.06 to 0.095
1N4752A 33 75 45 1000 0.25 5.0 2501 135 0.06 to 0.095
1N4753A 36 7.0 50 1000 0.25 5.0 274 125 0.06 to 0.095
1N4754A 39 6.5 60 1000 0.25 5.0 29.7 115 0.06 to 0.095
1N4755A 43 6.0 70 1500 0.25 5.0 327 110 0.06 to 0.095
1N4756A 47 5.5 80 1500 0.25 5.0 35.8 95 0.06 to 0.095
1N4757A 51 5.0 95 1500 0.25 5.0 38.8 90 0.06 to 0.095
1N4758A 56 4.5 110 2000 0.25 5.0 42,6 80 0.06 to 0.095
1NA759A 62 4.0 125 2000 0.25 5.0 471 70 0.06 to 0.005
1N4760A 68 37 150 2000 0.25 5.0 51T 65 0.06 to 0.095
1N4761A 75 3.3 175 2000 0.25 5.0 56.0 60 0.06 to 0.095
Notes: 3. Measured under thermal equilibrium and dec (Iz7) test conditions.

4. The Zener impedance is derived from the 60 Hz ac voltage which results when an ac current having an rms value equal to 10% of the Zener current

DS18007 Rev. 18 -2
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(Iz7 or Iz) is superimposed on Iz or lzx. Zener impedance is measured at two points to insure a sharp knee on the breakdown curve and to
eliminate unstable units.
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Ordering Information (Notes 5 & 6)

Device Packaging Shipping
(Type Number)-A* DO-41 Glass 5K/Ammo Pack
(Type Number)-T* DO-41 Glass 5K/Tape & Reel

Notes: 5. *Add "-A" or "-T" o the appropriate type number in Electrical Characteristics Table. Example: 6.2V Zener = 1N4735A-A for ammo pack.
6. For packaging details, visit our website at http://www.diodes.com/datasheets/ap02008.pdf

IMPORTANT NOTICE
Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to any product herein. Diodes Incorporated does not assume any liability arising out of the application or use of any product
described herein; neither does it convey any license under its patent rights, nor the rights of others. The user of products in such applications shall
assume all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on our website,
harmless against all damages.
LIFE SUPPORT

Diodes Incorporated products are not authorized for use as critical components in life support devices or systems without the expressed written
approval of the President of Diodes Incorporated.

1N4728A - 1N4T61A
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#include "p30f4011.h"
#include "uart.h"
#include "libpic30.h"
#include "stdio.h"

#include "ports.h"

_FOSC(CSW_FSCM_OFF & XT_PLL16);

// Disable clock monitor, external 7.3728MHz oscillator

_FWDT(WDT_OFF),

// Disable Watch-Dog Timer.

_FBORPOR(PBOR_OFF & MCLR_EN/* & PWRT_OFF & PWMxH_ACT_HI*/);

/I Brown out reset disabled, enable MCLR reset pin, turn off power-up timer, PWMxH
acts high

_FGS(CODE_PROT_OFF);

// Disable Code Protection

#define FOSC 117964800 [1'7.3728Mhz x 16 PLL
#define FCY (FOSC / 4) /Il Fecy = 29.4912 MHz
#define BAUD_RATE 9600 //Desired BAUD is 19200

#define UXBRG (((FCY / 16) / BAUD_RATE) -1)

void UART_Init(void)
{

U1BRG = UXBRG; /19600 baud rate 191,
U1MODE =0 Il Clear UTMODE Register
U1STA =0 // Clear U1STA Register
U1MODEDbits.PDSEL =0, // 8 bits no parity

U1MODEDbits.STSEL =0 /f 1 stop hit
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U1MODEDbits.ALTIO =1 // alternate tx and rx, useful as we can

leave the debugger on while doing comms

U1STADbits. URXISEL =10; // ™ Enable Receiver Interrupt
U1MODEDbits.UARTEN =1, J/uarton

U1STAbits.OERR =0; //***clear any errors so data can be received
U1STAbits.FERR =0; /™***clear any errors so data can be received
U1STAbits.PERR =0; //™**™clear any errors so data can be received

void delay_ms(unsigned int ms)
{
unsigned int i;
while(ms--) {
for(i=0; i<31; i++)

Nop(); /[Delay 1 MCY

int main(void)

{
UART_Init();
ADPCFG = OxFF;
TRISB = OxFF;
TRISD = 0;
_TRISFO = 1;
_TRISF1 =1;
_TRISF2 = 1;
_TRISF3 =1;
_TRISF4 = 1;
_TRISF5 = 1;



unsigned int m=1,a=1,c=3,d=1,p=1,n=1,j.k;

float dt = 0.125;

while(1)
{
R R e ——
_LATDO - 0;
_LATD1 =0;
_LATD2 = 1,
_LATD3 =0;

delay_ms(dt);

_LATDO = 1;
_LATD1 =0;
_LATD2 = 1,
_LATD3 = 0;

delay_ms(m);

’{/ T2 e ke e ke e e ke ok ke ok e e e sk e e ok e ok e ok e ok ok e ok v ook ok ke ke

_LATDO = 0;
_LATD1 = 0;
_LATD2 = 1;
_LATD3 = 0;
/[delay_ms(dt);

_LATDO = 0;
_LATD1 =1;
_LATD2 =1,
_LATD3 =0;

delay_ms(a);
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for (j=p; j>1; j--)

{

/T3

_LATDO = 0;
_LATD1 =0,
_LATD2 = 1;
_LATD3 =0;

delay_ms(dt);

_LATDO = 1;
_LATD1 = 0;
_LATD2 = 1;
_LATD3 = 0;

delay_ms(m);

_LATDO = 0;
_LATD1 =0;
_LATD2 = 1;
_LATD3 =0;
delay_ms(dt);

_LATDO =0
_LATD1 = 1;
_LATD2 = 1;
_LATD3 =0;

delay_ms(a);

e e e e ke ke e e vk e ke e e e e e vk ke o e e e ke e ke ok ke e ke e ke e
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_LATDO = 0;
_LATD1 = 1;
_LATD2 = 0;
_LATD3 =0;

delay_ms(dt);

_LATDO =0
_LATD1 = 1;
_LATD2 = 0;
_LATD3 = 1;

delay_ms(c);

',f/ T4 e ok ke ek K KR e e ok ok o ok o ok ok o o ke e ok ok ok sk bk e e de ok

_LATDOQ = 0;
_LATD1 = 1;
_LATD2 = (;
_LATD3 = 0;
/[delay_ms(dt);

_LATDO = 0;
_LATD1 = 1;
_LATD2 =1;
_LATD3 =0

delay_ms(d);

for (k=n; k>1; k--)

{
_LATDO =0;
_LATD1 = 1;
_LATD2 = 0;
_LATD3 =0;
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delay_ms(dt);

_LATDO = 0;
_LATD1 =1,
_LATD2 = 0;
_LATD3 =1,

delay_ms(c);

_LATDO = 0;
_LATD1 =1;
_LATD2 = (;
_LATD3 = 0;
delay_ms(dt);

_LATDO = 0;
_LATD1 =1,
_LATD2 = 1;
_LATD3 =0;
delay_ms(d);

char

ch1,ch2,ch3,ch4,ch5,ch6,ch7,ch8,ch9,ch10,ch11,ch12,ch13,ch14,ch15,ch16;

_U1IRXIF = 0;
/iwhile(DataRdyUART1())
if(DataRdyUART1() == 1)
{
while (DataRdyUART1() == 0);
ch1 = ReadUART1();
while (DataRdyUART1() == 0);



ch2 = ReadUART1();

while (DataRdyUART1() == 0);
ch3 = ReadUART1();

while (DataRdyUART1() == 0);
ch4 = ReadUART1();

while (DataRdyUART1() == 0);
ch5 = ReadUART1();

while (DataRdyUART1() == Q);
ch6 = ReadUART1();

while (DataRdyUART1() == 0);
ch7 = ReadUART1();

while (DataRdyUART1() == 0);
ch8 = ReadUART1();

while (DataRdyUART1() == 0);
ch9 = ReadUART1();

while (DataRdyUART1() == 0);
ch10 = ReadUART1();

while (DataRdyUART1() == 0);
ch11 = ReadUART1();

while (DataRdyUART1() == 0);
ch12 = ReadUART1();

while (DataRdyUART1() == 0);
ch13 = ReadUART1();

while (DataRdyUART1() == 0);
ch14 — ReadUART1();

while (DataRdyUART1() == 0);
ch15 = ReadUART1();

while (DataRdyUART1() == 0);
ch16 = ReadUART1();

m = (ch1-48)+(ch2-48)+(ch3-48);
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a = (ch4-48)+(ch5-48)+{(ch6-48);
¢ = (ch7-48)+(ch8-48)+(ch9-48):

d = (ch10-48)+(ch11-48)+(ch12-48);

p = (ch13-48)+(ch14-48);
n = (ch15-48)+(ch16-48);

return O;
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ABSTRACT

This paper presents a design and construction of a DC Pulse
Power Supply for DC magnetron sputtering thin film coating
applications. The power electronics part is designed and constructed by
using two variable voltage power supply feed on single phase full
bridge inverter separately each branch. The technique presented for thin
film coating is DC pulse technique. The DC pulse controlled signal is

generated by digital signal peripheral interface controller and provided

the computer LCD as control panel. The well desigiied DC pulse power
supply must have voltage and period adjustable. The performance of the
DC pulse power supply has been examined by real thin film coating
with DC Pulse technique. The test results show that the DC pulse
technique gave a better thermal characteristic of coating than the DC
smooth so the DC pulse technique is more suitable for the substrate that
cannot bared high temperature and it is the most suitable technique for

all thin film coating application today.

Keywords: DC magnetron sputtering , full bridge inverter , DC pulse ,
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