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HIGH VOLTAGE DC POWER SUPPLY FOR PLASMA GENERATION

Academic Year 2014
By Adyvisor
Mr.Kroekkiat ~ Panitchakarn Dr. Khanit Matra
Mr.Panupong  Suwannakit
Mr.Ratthakarn  Wangpean
ABSTRACT

Recently, plasma technology has attracted a great interest in many fields. Owing to its
special properties, plasma technology has been applied in many ways; such as ceramic conductor
industry, medical treatment and chemical reaction. In plasma generation process, high voltage
power supply is very important for applying energy to neutral gas molecules. If neutral gas
molecules gain sufficient energy, gas molecules will be ionized and become plasma. Consequently,
a study on design and the construction of high voltage DC power supply for plasma generation is
proposed in this project. Rectifiers and the principles of fly back converter are applied in the
designing process. The designed high voltage DC power supply can supply voltage in the range of
1 kV to 15 kV. In the last section, it could be confirmed that the designed high voltage DC power

supply could be applied for plasma generation successfully.

Keywords: Plasma/ DC power supply/ High Voltage DC power supply
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® ARM (Advance RISC Machine)

23



24

Y o Jd a 1
3197 2.3 puantiaves luTnsneu Insamoirinaiee

e HHANNTT MR WIUTO ARG U
Joya Tosunsu
AT89C251 128 Ram 2K flash 15 12 MHz 20
AT89C451 128 Ram 4K flash 15 24 MHz 20
AT89C51 128 Ram 4K flash 32 24 MHz 40
AT89C52 256 Ram 8 K flash 32 24 MHz 40
AT89C55WD 256 Ram 20 K flash 32 24 MHz 40
AT89C51RC 512 Ram 32K flash 32 24 MHz 40
AT89C51ED2 2K Ram 64 K flash 34 60 MHz 40

Y
Tudseil lamen s lulasnouInsames twes AT89Cs2 1 ldau

auauinvedlulnsnou Insames 1es AT8ICS2

I PR a
wu'lyTasaouInsa@es Ny CPU ¥11a 8 19
=1 1 o 9 7
Hnueanuiidoya (RAM) Y119 256 U6
=~ 1 o a 4 =
Hrreanus Tsunsy (ROM) wuuudayvina 8 dlalud eunsadisu/au
v oA 3 v P ~
18 1000 A543 naznudoyaldn 107
=\ 4 £ g}/ 14 4 a a 1 a
INOTAV U /U10DANINUA 4WD5A NBTAAL 8 UATIV 32 Ua Tasuaazie
Q & D) Y
ansatunsvuiazvioon la
4 J 4 4 a v A 4 4 4 J 4
Tniwesannimeivina 16 19 3 dade Indwes o, Indwes 1 uag Tnad
I'4
93 2
[ 1T o Aa A 1% 9 T A
AUNTDIOITUUHAIRITIADUINDI WA 14 8 uviad A

172995 T0a150YNTUDUABINAN (Full Duplex)

o { o a a -4
vmmﬁﬁﬂgmﬂmmwm 0-24 [ UNNSLTTIAY

<3 an
2.5.1 2195uasezuanniundnea

o

09

ac a 4 S 4 [ ' o
Glu’Nﬂ’i’ﬁ)Lﬁﬂ“V]iE)Uﬂﬁ ﬂ$G9]}€)\11Jﬂﬁ!,%@1]18\1ﬂuigﬂ’JNﬁﬂlﬂﬂﬂ‘lﬂu1ﬁﬂﬂllﬁ$ﬁﬂluﬂlu1ﬂ‘l
Y

[ Y a

aa 4 4 v 1 ' <3|
AN lﬁ@QQTﬂQﬂﬂjmﬁijﬁ]ﬂﬂ@]qu U NITATINVUAYYIUUH YV lﬂuﬁ)ﬂ Llﬁzﬂgﬁaq‘l%

Y



25

¢ o : ¢ o a1 A, { a N od o
gUnsalns199aA19 Fegilnsal asnaniviminudacSameiddnddluussau i
l @ [ a g @ a 1 a A < I 9
w5 avtlasdyaagurgiiuus sy aunsauilasguigil 1 ¢ 10 Jad lada 1uau
o Y ~ 9 o v ISA o A ) ) A
useau Iihnldandasrnsunfedyanuemaen weihwmlszuranadlenio
a s Y A o g aa A g9 a 4 Y
ApuImesIzAIlinsulasdyrueuaenilluainea e Iiaeuiumesszuianald
A A 2 v £ 1o Y 3 =* 9 A
taziieneuNIneilszuianandd Asamsazasdyaiundueenuuusuiaon 39A0ll
Y] Aaa I
2vsulasdyanudatnealueuaen
- 4 14 ]
TutTagtiui luTas Tdswewes vag luTasneuInsames e lunisaiuny
J 1 & o Y g o Y g &2 ! ¥
gUnsaia1ee wnwe Feilimaaruauiiuii ldaenazsiaE893u ualunmsaiuguiu

suiludesld dagnuntnealunmsaadenylulas luswmwes nielulasaeuinsames

Y Y
a Y g 4

' < Y o =2 o Y A =
ualuanudussaiu lesdyaiaeuiaonlunisaiugu asudsd iy asalinislagu
o I [ aa Y = o w g’/ 9 [l 4 A
dyanueuasn iudyauaiaoa udrvahdygrasiudnglulas Tuswawos wio

s A '
luTasaeuInsaaes teldnruquszuusel
T W %JJ ] [l o L] < g’/

udndygrueuiaenuuiinuutueunazwiudIge uadgyyIuoUIaeNUY

Y A 9 A o 1 o A o Y
aruauldern iesninlugnimadenlidyausuniueguin uaznisnszingsild

Y

NSAIUANLLUDUIADN UANUEINITAAIUAN NINUNMIAIUANLLUATABaTUY TAe1N

4 o [l < [ Aana < [

111999102993AIVAVLLY DUIABNIZADINANNFUFO UG 0819 l5NA dyarmaTiasan i
@ [ 4 1 o gJ/ o
AnsonaunuaANUazideavesdynueuaon Idedeanysel uarkldmsatuauiuié
1 A zg I an g}/ 1 I
918 HazazaINgavy 199s5ulasoasnitluavsneatiuazuieeniy 4 1Ussian
2.5.1.1 M3utlasdrenisiiu (Counting Converter)

a,

Y ) I A ~ o I [
mmﬂaQmElm'ium‘ﬂua‘ﬁm”lfmqmmﬁmmﬂamtyﬂﬁmama@ﬂ Lﬂuﬁtym”lm

o

v
=1

Aana Y o a K Y] 1 A zg A Y o A Y Y] = [ 1
Avnoa laglsoaneInuy NITUHUAUNNVULIDY Llﬁ’J‘LﬂNﬁ1/]"lﬂﬂ?ﬂﬂ?iuﬂqﬂlﬁﬂﬂmﬂ‘ﬂﬂﬂﬂ”m

v Ay o o & o
@]i’)\‘]ﬂ'ﬁ‘ﬂ@]\?"b aﬂymzm‘mwmlﬂumgﬂ 2.16



26

D/A [« Counter [—»

Reset

» Comp Flag

. ; ‘ -
nput Clock— /

Y v o Y o
qﬁlﬂﬁ 2.16 ANHUZMIMNUVeINSUasalem sy

~ < o 1A A X A < Y 1 1 Ay Yq ¥ A A g
1310 2.16 Wuginsalivamudyuiiagnils udrdemnlald D/A Huisidn
v W A Ay YA Y] 1
vdyanuIEn oaoens IdEuiu 1y
A o VoA o A 49! =1 = v o < 1 Y I ] A A
D/A tioSummiumuayunaznianna 1y dndasanlmiludyaa ouraonini
1 1 v d % 9 1 1 9 H d v
MANNANANIAIY Hils udadeaerin I Agunsaiaanfieuiion (Comparator)
@ = I J o ~ ' ' v o ) ' ~
amfseumeurzitiuglnsalaafisumouainnuaadng vosvudt uaza1Ini

Y
@ Y 1 o ~

1 1w 1 1 1 o J 4 a 9 Tl W
AUY VINMITITYVIUUAUNAUTIAINNUANANY 0 I’Jaﬁ@@ﬂiﬂ (993N 0) m”lm‘mﬂu

€

0 3

1 [ v o 1 ] 4 a = 1 1 o I o Y
%mmmmﬂﬁﬂimulﬂ% 0 T'Jaﬁ’ﬁ]’ﬁ]ﬂll’l (299N 1) FIMANUANWANINDDNUT S UIUULU

a [ [ a 1 a v J I [
a9 “uaz” (AND gate) MU dynnaunn 12 las1aodneonun smaanseenuniludyn s

[ a

A 1w [ o A < o o 2 2 1
wnnuaaanga i ldnasnsnasens dauananinnineg T ldanivmuauas i uag

g o

v
@

A R o Jdaa A Y Y 1 Ag v ~ 9 ' v 7d

mellﬂmWaawmwaawmmmmm ﬂTV]ulﬂ%TfWI'JL‘LGEJTJLﬂﬂﬂ%gﬂlﬁﬂiﬂ'ﬂﬂ@nﬁﬁﬂﬂlﬂu 0
a o A ° 9 a v W a Yy Y a = o Yo o

(8990 0) FIUUDUIWUVIADINNN “LIas” NUFAYYIUUIWNIULLAN ﬂfﬂgcl‘ﬁaﬂflﬂ 0 %'QVHGI,W@’I'JH‘U

T A a g PR A v o Ay o A Yy 9 v Y
"l‘JJLlTJLW‘JJ@ﬂ ﬂﬂgllﬂﬂ1ﬁ@ﬂﬂﬂ1ﬂ@]’3uﬂ“ﬂ@]@ﬂﬂﬁ ﬂ”lﬂf’ﬂf)‘ﬁ‘ﬂ”lfJ‘lJNGI‘L!%gnlﬂﬂiﬁ/\'ﬂJ@\‘]LLﬁﬁﬂu

V1000 (V,)



27

Vo

Flag
'

\ 4

d‘ U
ETJ‘VI 2.17 nveLsIAUVI00N

1 Y A N . .
2.5.1.2 Mmindasuuvilszanan1naifed (Successive Approximation)
1 Y A 9 [ U ~ o
mautasvviszanaam lndidedlsndnnisves msmiar luuis lumsmaiaeu
o 1 v J =1 % = ] A Y 1 1 %JJ 1 A Y
TagrhamwaansufSeuMeunuaAININa1areI%Ia e 1NN 1L MUY WA 13D 108
] Y] (] Y A 9 ~ v o 1R 1 A

a1 TasazlsusealiuavasnGess udulSeuwneunadnsnuainenalavessielilises
9 v A Y ] A d o = 1 o ~ %’, 1
5 1dNad NI NADIN1T 19U Ay UA1IoUAD 3 9INTI UBIAIADUN 0-7 ASIUTALBIA
= 9 1 o A Y ] ] A Y 1 y A 3 A ]
(0+7)/2 = 4 nifouiion lawaa1 maeufidesnisoglurisiiioondt 4 asaf 2 Aldonan

v A

=1 Y 1 o A v 1 [ A 1 1Y 1 y A <
(0+4)/2=2 NTLIE?J‘UWI?J‘U ulﬂNa'J']ﬂ']ﬁ@ﬂﬂﬂﬂﬂﬂ?ﬁﬂgju%ﬂﬁﬂﬂ']ﬂﬂj'] 2 LUAUBDYINIT4 ATIN 3 D
A ' ~ ¥ 1= Ay P} ) X Ay aa
1mona1 (2+4)/2=3 NTL‘].I%?J‘].IW]&‘U llﬂWﬁ'Nﬂ']@]@‘]JVW]@QﬂWﬁ mﬂ%mmﬂmaﬂymzu HUDAND
A 9 o 1 A A o a 9 Y 1
L'Jﬁ']ﬂ(lclfsluﬂ'lﬁﬁiﬂ']ﬁﬂﬂ nIDUUUHUHDU (Iﬂﬂ‘ﬂ n A9 IUIUUN) ﬁ]gclslfl'lﬁ']u@ﬂﬂ'ﬂﬂTﬂLﬂﬂﬂ
Arem3ii

2.5.1.3 m3utlaaTag1l¥a1n21u%u (Dual-Slope ADC)

SW2

-Vin ‘

Vo

+Vref Comp ¥

oV

d‘ o Y1 o
sUi 2.18 mshauvesmsutlaslaglymaiiuay



28

v A 1

[ Y A 1 v J ~ 9 I an
UIIAUV AN 2 A2 A9 AMANUANANdeIaonnaeImsulauiluainoatazaiy

1 v oA A & =Y 4 = o 9 A A T
ANANINAINAIN UL LUASHTIAY SWI FIMHrinaanaIayIn
Y XK

A 9 a 4 o 9 ~ v A a 7
N NITADULTUAUTIAY SW2 ‘Vlmm‘nmﬂﬂim;ummm‘uﬂimq talvtle adaw

zﬂ' a J [ Lﬂ' [ 9 Y o I ¥ o [ Y]
SW2 eaniioadad SW1 dunussauvyndideay (-v,) 910299359119 lanusuniny
Vin/RC
2.5.1.4 msutasuuvunay (Flash Converter)

Y2
/T
2

M8

Logic 4—=

LSB

OYYYYYY

R/2 L

= o
ETJ‘VI 2.19 Msmauvesmsudasuuunas

[ A 9 1 v g o 1 k)
wanmsvosmsuasuuuunay Ao ﬂ”liﬂl“b'ﬂ”lillfﬂﬁlli\‘]ﬂulﬂul!iﬁﬂu‘ﬁﬁ”IEJG]ﬂ1 1an

= [ 9 9 I U 9 @ 9 o a ~ a0 o
Lﬂ%ﬂﬂlﬂﬂﬂﬂﬂlliﬁﬂuﬂﬂﬂﬂ LﬂuﬂﬂWﬁ’(’)ﬁJﬂu HAaINIENINITNNADIN Zl]”lﬂgﬂ‘ﬂ 2.19 4 ANLIIAU
=1 a ° = [ o 9 9 (=] 1 a 9
L‘Lﬁﬂ‘UL‘VIﬂ‘U 8 UM ‘L!”I]l‘iJLﬂ%fJ‘UWIfJ’Uﬂﬂlli\?ﬂuslﬂlsll”l aanInnIINzaosasInesnul 91
1 3 Y a Yy Y 1 A [T Y a a dy 9 <3
3J”Iﬂﬂ?]"lﬂil$cl1/ia’f)§]ﬂ 1 muaﬂmmsam”muﬂﬂﬂwamm 0 ﬂ”l'iLL‘]JﬁQGIfuﬂuﬁ]zllﬂﬂ’J"mi’JﬂLi’J

o <3 ! ' o J 1 4
Tumshauisinga uaag 19gunsel ludiuvesassunnuuuoue



29

2.6 M3l uvenanINatuy LCD (Liquid Crystal Display)
dyd 3/ ~ I @ ~ 1 ~ ~
LCD HUNIUUNUaaanal uonvsziiea98191987 (Character LCD) az iU
I v W & A
aunsouaaswaiugnwvsedydnusious amnuden1s'la (Graphic LCD) Tas LCD
. ~ 3 o @ Aa o & A 1 ad =
Display numiunu Tagnag TUludlalszniviionlioguatonuy ualuntaznaniunme
. A ] v A dy 9 @ Y A < @
Dot-Matrix LCD fii199 118019 lTddaunsaderu ldaunuldae Tasinudiuny
] 9 1 Y = v @ =\ @ g‘; [ 1] =
Ml ldunvuna 16 d26au3 11aude 40 #2985 taziiauIuusInaaaud 1 ussnaldouda
Y =\ 1 3‘; 1 dy =\ Y a [ 9 =) Y
413399 (M3901901009111U) Tag LCD iaiiiealinatednan uadiuunudavgl Insedsg
o d A A v A ~ [l v Y A <
mahuazgamdailoununounnilsems e1aliuanaenuingduizesuesnnusalu
MIDUAVEY (Access Time)
2.6.1 amlsznounanvyedluga LCD
@ . < =3 ~ Y <3 o
- @udaana (Display) neluidlunaniainaiuisauaasna i Iagedouaaain
Y v
Mouon asiudadiyuueslumsuesdoyaiuaauuse LCD

[ 9

(% I % o o
- AIANIVAN (Controller) HJ‘L!GI'JTU‘U?JZJﬁ%Tﬂ@ﬂﬂ3mﬂ1€lu@ﬂﬂ1ﬂ3ﬂﬂhﬂ1§ﬂ1ﬂ1uﬂl@\‘]

U L

A A

(] v @ I
Tuga LCD 15U 990NN LAAIAIONHIHIDIAOU Cursor AU
v o a3 v o @ % o % { o
- MU (Drive) Humiudyanunndaniuguuiulidudawratoyanunimua
v X 9 Hq ¥ & o )
2.6.2 doyardosduuesTuga LCD #l9au viuia 16 10ny5 2 V3Tia
dldauluaimisotienszua Iihasa1%iy Lep a1el3naoananie 1% Le
v ) Y
uaaIranIundeIns laiesninagmldinal §ns e Idfluativunaz agnliergnisldau
g).z 2 o o o o 1 a ¥ A ~ 1
LCD duas saamgideiuiludedloudyauaduszrictanuila (SCAN) aaroa1md i
1 4 1 a < I A
"oon1 30 Hz tive i ldwiiwenszwiu LeD Taena lilvzidlunuuniiaiuniuguy (Controller)
Y (X 1 9y Yyq 9 ~ 1 @ o o o [ o Y o
s ludreguds Jldauiiesdesdamdedimiunivgunisiiaiuees Led 140y
"9 9 o ' = 1 ] 9 = A 1 1
Controller 11804015 19%1911u0019 15 Fedruluguds wlidygralumsdoudeszriig
9
LCD 11 Microcontroller 914
~ I [ 1 o
- 91 1 VSS 13l4 Ground 190185211319 Ground Y9452111 Microcontroller A1 LCD
~ I dy ~ @ =
-1 2 vee duiaeasasndeatleoulyinu LeD Jvua +5VDC
d' < o o % 1 Y
-1 3 VO Wlundmsulsuanuainaveaniinee LCD
1 I o 1 o [
- 917 4 RS (Register Select) (Huvivuinsvadoya lddmsuvenli LCD Controller
[ A ) I o W A 9
N3 Code NAI1HN191 Data 1l umdanTodoya

I [ 4 '
RS = 1 iHlumssuamdeyaiiiodsosn liuaaswaniine LCD

<3| v 4 v o o ° v
RS=0 Lﬂuﬂﬂliiﬂﬂﬁl‘ﬁ@yjﬁlﬁﬂﬂillﬂ”lﬁﬂﬂ?ﬂﬂﬂﬂ?i%]ﬂ]uﬂlﬂﬂﬁ? LCD



30

{ < [ o [ J 1
- 17 5 R/W (Read/Write) tHuanndniumdoya lddmsvmuuaiingeiuvsodiou
Glgl}ﬂyaﬁﬂ LCD Controller
I { o
RW =0 ilumsiaendoudoyad 1)fdr Tuga LCD
3 A 1 F) [
RW = 1 Jlumsidenamudeyanindr Tuga LCD
A < A . A o Yo
- 417 6 E 1111 Enable 130 Chips Select oMY UANTNIU1HNY LCD Controller
A I @ 9 [ = A 1 9 o v @
- 917 7-14 11w Fy 19 Data Bus Idamiuidsunsesiudoya/mias nu LCD

Controller

RBCDEFGHIJKLNNDP‘

abcdefahidk lmnor

N 2.20 naasdnvazvedluga LCD

3
111 : Thai Embedded



=
unn 3

Hann150enNIUL

dy 9 1 = 9 1 1 [ o [
Tuynilag ldnandamsesnuuuuazadaunasae Inszuansassangad 11y

Y = a o a A 9 [} =3
ATLUIUMIATHNAIGNT VLA 1 D9 15 0 1a 1raa viadszguan anudlsaulugae 1o D

a a o =1 =% [ ,i’
110 D 1a1dsas laels1easiDennall

3.1 mseenuuuuras e lWnszuans IR Uga

3.1.1 ﬂﬂ?ﬂﬁﬂx‘]ﬂﬁiﬂﬂﬁ@ﬂﬂlmﬂ

9 [

9 Au A A ) v o
LTJ’]‘HZJ’]EJGLHQ']U'J%EJH L‘W’ﬂ@ﬂﬂllﬂﬂﬁﬁ’]\?Llﬂa\ﬁ]'lﬂhlwﬂﬁ$uﬁ@§ﬂLli\jﬂuqqﬁ’]ﬁﬁll

[

Y =2 Y 3 = A 2
ATEUIUNTATNNAITN iN]lmeimwumwazmﬂﬂmmmiaamm‘ummminw 3.1 AU

H L T [
VnﬁN‘ﬁ 3.1 Lﬂm“ﬂ1uf‘l"lﬁ’f)’f)ﬂLL‘]J‘UIﬂﬂi’JllEU’ENLL‘HZNmﬂlli/\lﬂﬁﬁillﬁﬂﬁﬂlliﬂﬂuq\‘]

(AN 1 NTOBAL AMANIA
ugag Tulihaan UIIAUNTZUEATE 26 1706
ugasu lheen 19315 nlallad
SATRMEED Uszqun
Tnseadng VA dasans 1eaens1ngasnen

3.1.2 91azivea lumseeny
Y T @ o o 4 Ay v
Taseainvoanasne lnszuaasassdugedmsunszuiumsaianaian ld
' Y

ponuubuaasluzii 3.1 Taslumsanuiilidihvdnmsvessssuasdunaronuauuuil sy

o @ 9| o 99 ¥ ° a o o a o o o '
szaunsaau Iihuihmsiszgnaldan dwmatinvevasiuhalasunvuhuodva Wi
v = A 9 9y v o 9 = a s
wloulasnnudguield Iduseaulidhvieennszuansaussgavuia 199 15 AlaTian

?1}/ o L (% 1
nnuudah lldszgndldnumsadiananaun ldiuesudana lagly



32

4 9 A 3 aa =\
"luTﬂiﬂauTmmaamuu MCS-51 1un13ﬂ53mawamagammmmgﬂmmumma LUazy

DUAAINALUUY LCD VU9 16 x 2 AIDNHT

U1
1815
1w [ -
e
=
D4 2
BR1 INSIIBRL B
J1 Ré E202E5203 U2
Z 22¢ S o 59 gme LT
3 2
TeOCKR Ve W
D2 <
20016 LED-RED S
[] R1
I 0
RV1 i
RV4
1.
[J |_ u3 J R3
o B
" S
F8 REF
OTC  OUT [+ H
T we
RT  c2
GND

=— C1 Bl = Q1 FLYBACK TRANSFORMER D3
_— I_ T — |[E" IRFPD u

0CTQ 1501
; Cc1

2. x 10
o
17V-E5E

510 3.1 2esvewmane llnszuans s sauga

Y
U c%

drauruaeuMIIUYeaIne Inszudas s auge aadaaluzili 3.2 ms

° A 1 1 % o [ [ [ [ 9

mauGuAuMnuasneussau Wihussgeaziinissunssauau Iiihnszuaadvauds
J a Jd 0 =} 1 1 % 1 cv

VUIA 220 1284 50 1FTAY HIUINDTITEINTLUALUAZINDTNTDY d9a0 11§95 nHITz A

Y 1 v
usas 2 ga gausnaie Tl lidea s sdushaind yanassiie I ldndeulasnnudgs



33

Voltage Regulator

—» High Frequency Transformer

1.25-26 VDC
7'y
220 VAC Rectifier
> »| Voltage Regulator
50 Hz Filter
15 VDC
PWM » .
» Power Switch Control

Generator

9
[ %

3.2 MWDTUROUM IV WHAINI TR T IAUg

=).

51

Y
dwmsulumseenuvunioniasliihvesrsasudasdunarsuua lunsisen'ld
9

=1

onldndouasIiilinudgauiu Flyback Transformer ioanyuianiioutlas lufin g
) Y a Aial A YA o [ Y v v Ao [
ua Fandondasriailldeenuuuldinurudimsumsilosnuluszaunnans sy
Y
TWfhwsege Feildansoldauldazainiiu aaanududoulumseonuuumsnunde
Y A & Y 9 = o @ o
utlad il B51a19n vazawisame ldawiesnara Junmzdmsmihieenuuuas

9
afrunastionseau Ifhwsagall

u1 u2

15 LT Pin 1to Pin 4 Transfor mer

TeOCKR

GND

el

Pin 1to Pin 5 Transformer
l ‘ J2 J5
1 Qa1 1
2 [E IRFPUD 2
AmeKe Twoke
c1

4‘ 1 1 [
51 3.3 j1hsasvesunastelinszudas s iiuge

L'

GND

L
=
g




34

GHND
GHND

[y

LED-RED

.

GJD b b b b b b
J2 J3 J4
THLOC k=12 THLOCK-ETHELOC K12

51T 3.4 2995010 1119 I Tnsaeu Insamesiaziaanszisanudou

U

110317 3.4 Wuasesnielldun luTasneuInsamesuazinauszuioanuiou
Usznoulidelaleaviaiannuisyy uaz lodinuseduussdumes 7505 uaglodinu

@ [ 4 o o A o Y o v 9 o
TITAVUINAULUDT 7824 ’L’fTVi51Jﬂ1ila'€]ﬂﬁ!ﬂﬂ§msluﬂ1§cl%ﬁ1u i]mlf’fﬂﬂﬂWiﬂ'lu')miu?i')sU'E]ﬂﬂ]lﬂ

3.2 ’Nﬂﬁ!%ilﬁﬂﬁz!!ﬁ 299305949 HAZIIVITNHITZTAVUIIAY
3.2.1 ﬁﬂﬂiﬁﬂﬁﬂizllﬁ’
3.2.1.1 ﬁ’?ﬂl!ﬁﬂﬁﬁﬂWHZﬂiiﬁWQTu
o [ 1 dy 9 aaa I 1 o a
mmumuufﬂz1%%aa@tmaa@ﬁummﬂu”lwgmmﬁmuzm@mwimmﬂmﬂﬂ

v Y a

29930 Tasldadeslalen wes 1N5353B tazdmumuaua 2.2 nlalev
aszua lvarulalen = V,, — V,r (3.1)

@ { 1 4 4 [ 1 1w
Tag V, :usiauianasendiues laloa (1ues 1N52408 NUSIAUANATONININY 3.6
4
Thad)

nszud lvarmu'lalon = 24 — % x 103 = 3 Haauowuil

=

Ay Y= 9y ax A a
ﬁ]"lﬂslll‘!']ﬂ““i’)ﬂﬂﬁgllﬁ‘ﬂhlﬂ mmaﬂmmwaammaa@ VYU 5 UANAT UULFAN

anue



35

3.2.1.2 2995i589nTEud
Y
ANTUMIDOAUULINTIFTEINTUANUADINT VDY ATLUAVUTINDOU HASUTIAY
ti' = g’/ 1 9 é g A =K% e/ @
Yo3 InanngesiFeenszuaiuseld 39ngl 3.3 Afe loFTnuszaunsIaY ey 7815
v Y
uaz 1oFSAMITLALUTIAUNLGIEY LM350T 4 10dnaa0ad1a1usosunssaunszuaaseld

4 9 1 o Vo 1 o 4 o w
A 36 Thad u,ammmfmamu"lumﬂm 15 Thaduas 1.25 11aanua1aunaums (3.2)

Ve = 2Vinax/T = 0.637Viax = 0.9VRums (3.2)

' v A Y J & s Y1
LL‘VI‘LJﬂHLi\‘Iﬂ‘HﬁG]ENﬂﬁuuﬂﬁE] 36 T’Jamaﬂﬂuﬁnmi (3.2) %31@?]'] VRMS =40

J A T v 3 A d 9y Y o Y J
Traa uaor U NN UYs2 M u1995050992ABIHITAIY 1.414 9111 Vrys = 28 1700

Q

Y
[ Y

v o & a a v A 4 A v o
mumz"lmwmuﬂmm mﬂJ"lJ@QWiJ@LHJﬁQﬂE] 28 I’JEWI l,mu,ummﬂwuauﬂawmmﬁmu

1 o 1 J
220/28 Thas lutismine 3udenls vuna 22024 Trasunu

o ES o o o a a 9 9 Y v 1
Wa\“Ii]’lﬂuuu'lui{l@uFQIQ‘V;I@ﬂﬂiﬁ]@\?ﬁllﬂuﬂa\“IiJ’\WWﬂigllﬁGlﬂL"U'lhlﬂ@\iﬁ INAUNIT

u

(3.3) uag (3.4)
1:)inzpout/ n (3-3)

Tag Py : 73 J0@ (Raninmas lnihduesnianels led 4 é Tod 7815 Aumaslul : 16
Sad, o LM350T numaalul : 25 306, Tod 7824 duriaaln : 24 a4, o 7805 Aumdslu

v
£ 8 399)
N :UseAnTamMUeen99s (1en 95%)
unumasluaums (3.3)

P~ 73/0.95 = 76.842 306

Iin = in/Vin (3'4)
unuaaluauns (3.4)

L= 76.842/24 = 3.201 towi)



36

oAy Y Y = A Yy v ¢ P ' o
1M lananua uaenlevdsuilasvina 22024 Thad 5 ueuil anaAsIAULAL
a I'4 o o
AszuavoIvvonilas Judenld laToausasuuna 100 1ad 6 toni)
3.2.2 19950504
' 2 Yo ° ¥ A 9 2
Tudauvesnainsesl aglsaunvilszypimihnnsesnszualiizouninyulag

AMUINUNTNUNT (3.5)
C-lIe X AT/AV;ipple (3.5)

1 o
Tag [o : ANTTUAUYNI (5 woni)
1 {o o
AT : ¥anaunulszgmelsey AT = 1073)
AVipple : ANBOAVBILTIAUNTZINON (100D 2% V84 Vi)

unuAae luaus (3.5)

C-5x 1073/0.48-8.333 x 1073 75a

kY a o A v I

(% ;d ad 4 [
anluaud ﬂuﬂ\ua’l’]ﬂ@nlﬂﬂ‘ﬂﬁgﬂqLL‘UU@Lﬁﬂ‘VIﬁﬂ]’laﬁ 4,700 "I,‘JJTﬂﬁ/\hﬁ@l UYUHIA 50

[

4 v v W o o at @ ) [
Traq 14 2 drdevurunuasgii 3.3 dimsursesurassie linszuaasaussuge d11sy
=] =]
aaunulszy Tugil 3.4 ldauns 3.5) Tummdunuilsey

A 4
Ty I, :2uouil (AaHonszuagaga)
1 Ao o
AT : ¥aamaunvilsggmelszy AT = 1073
AVipple : ABOAVBINIIAUNTEINON (100N 10% VB Vi)

unuAaa luauns (3.5)

C-2x1073/2.4-833.3 x 107% 713a

9
LY 2

a dyd A Yo < ad 14 1%
muuimma EJMiNLﬁ@ﬂi%@]’JLﬂ‘]J‘]JiSi]u”]J‘]J’ﬂLﬁﬂ‘Vli@llaﬁ 1,000 ]'l,lliﬂi‘i/\l"liﬂ VUIA

50 Thad



37

3.2.3 WITTNHITLAVLTIAY
o [ [ I'4
3.2.3.1 19935 NHITEAVLTIAY 11DS 7815
I Y [ I'4 [ 3 =% [ [ t:'
19955 A1TEAVNTIAY 1005 7815 daudulo®SAMITEAUNTIAUUVUAIN (Three
. . I Adq Y @ @ v 9 4
Terminal Fixed voltage Regulators) Auledn 1 asuseduviesnauduay 2 Ameveauvos
= ao é’ Y A o o o 4 o IA o A o o o
Tod TuauIdenld lodsnuiseaunsean woes 7815 Hunaousaauved lodsnu1seauNs A
Vo o aow 2 A 9 ~ o A o o
W10V 15 Trad Iuauddetivaoly 1o® 1wos 7815 N UNDIOUIIAUNTLUTATI 15 1A
[} [ % o a o J
Iy legasdayanaduiaiag iwes TL494
[ [ [ Y] 1 o
3.2.3.2 WIS Tzaunsaau uuvdsuala wes LM350T

@ @ @ 4 [~ A o @ @ [ J Y
WITINHITSAVLIIAUY 1UDT LM350T i]@1UJuhlﬁ)clﬁﬂ‘lelﬁzﬂmgimmmuﬂi‘umulﬂ

= S A

. . : Y o [ 1 v 9
(Three Terminal Adjustable Regulators) Falaaason 13d1mSun1saedia1umunisuen

q

v J { @ 4 @ @
(External Resistor) HuNAU1N 2 ¥0362 lod el Suusiduaiesn

. .
310 310 230 120 5.6K
6.3V
170
AN
"[: 160
|vx%/\, < 200 13K
§§ 1 »_L{’—" 6.3V
2 I
© 2.4K
x % 105
S 190 E3E¥s 3 | B3 125K ,_?‘
% 0.45
0 Vout
o Adjust
31 3.5 laezunsuveslnseainmeluled Lm3sor
#1311 : Thai Embedded

< 1 1 v Y a A A 4 = v
%'lﬂqijll 3.5 ﬂglﬁuﬂ'lﬂ']l,ljﬁﬂuf)'l\?@ﬁ"ll@ﬁllf]cli Ul 1.25 I'Jﬁ@] LLﬁ%Nﬂi%!lﬁMlﬁﬁNWH
o A I = 1 1 @ =
vauriuae 50 TuTasuenil #1910 unaI18nIzua(current source) 1147 Todoa 29951y
[ dy o I a v a dy = = Y [ A [ A
muu%mﬂugﬂuaaizmqmwgn uaﬂmﬂu”lacﬁ LM350T ﬂ%ﬂ?ﬂﬂiﬂﬂﬂﬂulﬂﬂﬂuﬂﬂqﬂcﬁﬂu

< = ' o Y
V]'JG']VIJJ G]f\‘]ﬁ'uJ']5ﬂw']ﬂ'llﬁ\jﬂueu'lﬂﬂﬂulﬂﬁnﬂﬁnfnﬁ (3.6)

V,-(1 +R,/R,)1.25 (3.6)



38

o v 1 9

I g 9 Ay o a J
uaz lo® LM350T Wunndoyaves lediidesinandwaeussqunszuaasuny 40 Trad uaz
1 @ ! ' s 1 %
awsoneussautesn lanniigaua 37 Traadmniu
1 @ A J o 1w
Lmﬁ’mmmimumaaﬂgqqmgﬁ 26 Taad JamMuan1a1d1uMIU Ry = 100

Toru terImUeIAId UMIUAIN 2 Jaumuaadluaums G.6) az'la
R, = (V,/1.25 — 1) xR, = (26/1.25 — 1) x 100 = 1,980 Tow

o Y1 o Y a J K A Yo 9
AMMNNITATUIU %z"l@mmmumumum 1.98 nlaleviy 3udenlsardiumunuy

[ J 9 a 4 Yo Y 1 4 Y 1 @ 1
Usua 14 vua 2 AlaTevy vazidenlddrdumunuuieagu e lnieasmsryulsusm

U o d

3.3 3995VUNINT
[ Y4 o [ Ao ¥ 9 [ v A

mamuNdyaIaNad lumIeenuuudmTuNUITEN 1NITATNdYRIUNAdNN
° Y 9 o A o Ay Y ~ P &
wndunavewwedanuuldussduniugy e dyanmi lauinon lod wes TL494 &4
o 9 [ Y [ ~ v Y v
°nNm@’Jsﬂmmmmguinﬂuimu"h/\lvhmm"l@azuﬂmmgﬂ‘w 3.6 AAINAIUNIULAZA NN

i o ¥ ' { v
ﬂizﬁ;‘ﬁi}zumﬂfﬂumiuﬁeﬂmuﬂ’Jmﬁmmmm"lmnﬂﬁumi (3.7) uagaunIs (3.8)

)
fosc = 1/(Rrx Cp)  Tulviuai@e? (3.7)
fose = 1/2(Rr X Cp)  TuTnuany-wa (3.8)
Output Control Vee
f——————————— e
6 | L |
| Oscillator D Q
Rr 51 - Flip-
Cr T | Deadtime Flop
= Comparator |11 [
L | ck Q Q2
| 0.12v =
el i |10
Deadtime I o.|7v ; :
Control | i 112 =
L Iy,
PWM — 4.9V o0
l = 0.7mA Comparator uv = :
| Lockout = Reference
| o pil Regulator |
| L |
| z |
3.5V =
| |
_____________________ RS (PSPPI S e — |
3 16 14 7
J iGnd
Ermror Amp Feedback PWM Ermor Amp Ref. L
1 Comparator Input 2 Output -

517 3.6 Taseademeluveslo® wes TL494

Y

117 : Thai Embedded



39

9 @ dg < 91 = 14 o Y
nndeyavesad lodtivziiulaan TeFwes TL494 aunsorhau’ld 2 Tuuams
o = = é dyd [ 3 o d' 1 v A ) %
MU Hude 1 Inua@ed 2. wyya &9 2 Tnuallanyazmsnaunaenuae dminlvue
a L v o o v Y Y= ,
@y HumanunegegaveIdyauiad (Duty cycle) @11130150 1009 97% aauTvua
° @ @ { J a 4 o A o 3
wa-wa vz 1l 1gnuasasudasiunldwnesniugdnes wsenodla 2 aaiwuilu
a d < o v .
a3a% TaeluTnuail ledazvauaaunuly 1 390 (1 Machine cycle)
o o o =N Y o o o 9
dmsumshauvensesmeluvesled Iaihmanms Tnuanrguainussauu 14
o o J [ o [ o a 1
nu wedemsileunduaussduedyauazifSeuioununsue19899092995 AR

a

1 Ay ¥ 1 . ' A 1 o A o
Lmﬂ@%ﬁflvlﬂﬁ]ggﬂ"’lJEJ'IEJT@EJ'Ni]iGUEJ'IEJﬂ'JﬁJG]N (error amplifier) noufvzas lldsiiauuan

Y
%

< 1 o Ay Y ' = 1% Y A 2
Y3¥\ IﬂﬂﬂHLi\‘Iﬂ‘L!‘VIUl@iﬂﬂ’Ni]i"lJ818?]’(]13“5]1\1i]zgﬂl‘]ﬁiﬂﬂlﬂﬂﬂﬂﬂuiﬂﬂug‘]Jﬂumﬁ)ﬂﬁ)ﬂﬂiﬁ

o & o 4 Ay v A o a 4 A o I o oA A
@]Quulﬁ\i@ul@qﬁwmﬂqﬂfl}Tﬂj\iﬂiWﬂﬂﬂajlﬂuﬂguaﬂﬂmglﬂuwaﬁﬁlwaﬂu

Capacitor Ct

e IAANAAAANA AL
e TULLUULYU T TUYL

Flip-Flop
Q

N

Flip-Flop
Q

ez L Pl LA LT
ozz | LT T

Output
Control

1]

S =
|_I
=

bz dyn U lod TL494

=Dh.
3e

51

111 : Thai Embedded

3.7

lod TL494 Aoamsuseaulumsmianlugie 7 — 40 Trad dusedu lildreda
Melulod (Veep) 110U 5 Taad nazeninsosienszua I 1dne 10 Gaduend] Wieldsuduy

2meuen 14 Taslinnnugnaes £1.5%



40

Y
S A

mseenuuudniunuiseiiiden1dluTnuader ieasiniiesiesnuu
Haduifiunanamslarsunaminldueanladiuaiadifiosiiaese i doald
TuTvuans-wa famsatuneaaaduiuld 2 & e619390953u 2esutlasiuns-wa 2993
ulasduesluias uazaesudasiuyauiad

[

S o 1 @ a a J
Y 1naums (3.7) fvuaa Cp = 0.01 lulaswisa uag f,g. = 50 ladsad

]
A o

(funudsge) umumasluaums (3.7)
10 Ry = 1/f,e X Cp
unuae e
Ry = £ x 10° X 0.01 x 107° = 20 fiTalowy

o 9 a 4 [y 9Y o

NMIMUINIE 1A Ry = 2 dlalevin uay Cr = 0.01 lulasvhia uazidenlden

9 o 1 Y Aa a - a 4 o = o 9

Mumuuuudsua lasianiuwen (Trimpot) Y11 20 A lalevy 911U 15 50U Feaz il
[ { 9 1 a a 4 1 9 ] a a 4 4

Usuanudlalurie 5 — 110 Aladsas uaaziaonlHieas19 10 — 110 A latdsad (o

rL [} 1 { a J 9 4 1 o [ [ 1
15z Toani lunmsdSuuasnnud lumsadad uag ldanuazdeanuinnndmsumsydsum

RV2 U1 | 0_%_0
L amse  2m+ = T
2 1N-  2IN- =
- 3_lfp REF |—
= oTc  OuT ==
C1 5 ST vee 143 @
o i RT c2 [ B 2
= oK I_{GnD o *
| | g ley Bl [
L — [= owpati
{= Owmt2
RV1
K gNp

[ [ a

d‘ ~ =}
31 3.8 2VINVYUTYIBNAVUAUDY

Y



41

A < 1 A = 1 4 Y o g’/ 1 A
110317 3.8 92AUI1 17 4 ¥09 1o® TL494 apans1nae1]3 AviuAIa1ND
. 1A A 9 A 1A
(dead-time) ¥9929959z 08152118 3% AvaNUnIgIgaveiad (Duty cycle) 92081 97%
o v J 1 = o 1 [y { 1 g 1
M3dSuaNunenad (A1 Duty cycle) 193515 uamseaundonlivin 3 Tuaeesii 1da s

v Y a 4 A A v A 1w S

AU91994 5 Trad ¥ea le@Nu 14 FunINusIAUNV 3 1M1AY 0.7 193aA(A1 Duty cycle gaga)
Jd o < A 1 "o o

laauda s Trad(A1 Duty cycle fga) 911031l 3.8 921HUNNU 14 AOBYHUAIRAIUMUVIIA 50

a 4 1 v o Y [ 1 9 a o v 9

nlalovn uazavoynsunuammumuiliua ldvuia 1 AlaTevin tazuinarsvesiidiunu

@ 1 1 [ { o @ 1 v J 3’,
YSumldneerdinuud 3 mlvansotSumanunhawad (Duty cycle) lane  0-97%

Y

3.4 NIIMVAUN uazms‘nmram%ﬂam]m‘lmm

[ % A o @ a I

Y
msoonuuy 3z leesmiuaudyaiudunaniedygiuiisuudnouTaed lod

g 9

a d A

I @ o % @ @ o w
wes TL494 ludadudyanadunariedyanaiisunaudy medunaueanlamas  (
= Aé’ A 9 o 4 o o 9
Power MOSFET ) "]NGL‘L!‘VIL! %La@ﬂ"l%u@mwﬁmmmm IRFP460 ﬁWWﬁUﬂ'JUﬂiJﬁ‘JJ@LL‘]JaQ
ANUDFY FaaAINIToeNIDUNATHAE lnozunsuaagl 3.9 Tasguauiiavesemnanias

L‘U@g IRFP460 LIFAIAIA15199 3.2

RV2 1 R1
i U —{ 1 ——{> Output to Transformer
1IN+ 2IN+ 50k
2 6
S 1N 2IN- =
T <+ 8 REF f—r=
z -|I = DTC  OUT 3
C1 CcT Vee =
| 8 1Rt c2 |2 B °
2 1w || ol s FpL W =3 Q1
Q | 8 10 L. | IRFP460
C1 E1 <
10n 9
TL494 \_/
RV1
——{> Output 1
GND
10K —
GND

a v A
Eﬂ‘ﬂ 3.9 Llﬁ@Qﬂﬁﬂiﬂ?ﬂﬂuﬁuﬂllﬂaﬂﬂﬁ'lllﬂ'E;N



42

M519 3.2 uavtifveswealafduues IRFP460

4 a o 9
29n1l5znou vuaninal¥au
a o 4
AINFAIVAN Power MOSFET 11J85 IRFP460
A o 1% o
NAALTIAY 500 Tag
Aa o 4
nRANIEUd 20 uowals
Y 4
ANUATUNIU Ry, 0.27 Toviu

{ ) X g
lumsidenldndeudasnnudgaiu szidenldvudoutasatouna Fuiunide

[

[ ' v Y
udlasIrlihaaudge Afudyaradlvihuuowed Fanfeudasareunalsznnii w'ld

2]

4 = =

Tagn larnae Insdiel uSevons Tasniloudaswarsuvua azsiviinoensaauly

v 9
Y a A

X 9 Y (% { 1
naoanINn ﬁiwaﬂﬂﬂiwuu%ﬂ%uiiﬂuﬁQQ ANUU ﬂ’]f!'Wﬁ]'lim’llaaﬂwuallﬂa\iwa’]ﬂuﬂﬂ
9 v o 9 A 1 @ Ay Y o =2 =K J '
ﬁ’lwjﬂu’]ll']ﬁi’l\cllﬂiﬂ\ﬁ]’]ﬂ]’lwuﬁq@uqqﬂigllﬁﬁiq‘ﬂﬂ@Qﬂ’]ﬁ ﬁ@\?ﬂ'IUQﬂQE]Qﬂﬂigﬂ@Uﬁ’NqGUE]Q

9 [ A & &
mJE]LL“lJa\‘l Wanguun AIN1519N 3.3 AU

A s A A v A
N1319N 3.3 'E'Nﬂ‘llﬁgﬂ't’)“]_l(luﬂ"lﬁW‘D'l'iﬂl']!aﬂﬂﬁiJﬂLLﬂﬁ\iWﬁ']EJL!TJﬂﬂ'JHJﬂgQ

7 L Ay
29n1l5zneu ANADINTT
riaveereuilag Flyback Transformer
usaeu Tl ATZUANTI < 15 1had
usaou Ihanoon ATZUAATI > 10 N1aliad
aszua T luszuuy < 1 Uaduenil
1 A A 9 =3 a a L4
¥19n100N 19 10 84 50 0 lALdTAY

Tunmsnagoundondasiaenuaioziunldlumsadiunsesnellussduganse

I ¥ a v o Ay g 9y o =R A Y o 9
uaase 1 ldvinaiinanssiuauidesnsty uenanazdedmieniumsai 3.3 udd §ideq
o 2 = s v A 3 A v o \
MiedaeInlsznevvoIndou)assiiniugdie iiesninndeuasateunaunazyu tazua

9
% [

Ay a P Y o o ' o 9 = v o
azgvioUUUAN ﬂymzm@wﬂmm l,l,ﬁ3ﬂl@%1ﬂ@1uﬂ15ﬂ1&llli\‘]@u17\lw1"1J1€)’é]ﬂ“l/]!mﬂgnx‘iﬂu



43

9
[ Y

=< v = 1 o 9 A J o A 9N ¥ 9
A Ydeslimnadeunewi lilaiuniesie Iussaugenszudass e ld ldvinanile
a o 9 d‘ 9
wilaq vaginandoulaimundeanis
disumsnadou szsiinmsnadou Tasdieussan lufhnszuaasalfua lalugag
= 7 ' Yo ) o A T W A .
0 84 12 Taad Tasnelvnundeuaslaisuna taziiunsesnedyaiauaznud ( Function
1 = [ A k) 1 d‘ﬂ/ A
Generator ) Y94 YOKOGAWA U FC10 &9einsnlsunnud ldmuyieiidesnisae 10
a a ¢ =R a a 4 9 [ o o A o o W
nladsad 09 50 nladsad madndygranadiie lldumnavesuemaiias ( Power
14 X 1 LY J 1 Y
MOSFET ) 1193 IRFP460 991910 d ey 1ainavosuoaild ( Drain ) vz der1u ldanile
[ A [ d' Y 49! [ a o
piasrarsuunlasass usaauvIBENNITBLITIAUN 1A INNITNATOD 3z TUBYAUNNA
o A 9 v A Yy 9 9 = ¥
AUANYUZY09Y1 viaventoulasasina ldudrdredu Fsmanaaeuaussouzueniio
d' g = [ d' é 1
udasrlarenuaanudgell §laszunsureesmanaaeuasgili 3.10 FaaaIn1TAoI99TN3
4 4 v [
nagouaussouzvesnionlas lasginsainadousznoulidremiostredaynauas
A7UD ( Function Generator ) 1A303918 1M nszuaasaundiuald ( DC Power Supply ) Tag
mmsianuseiuvieen vesminadeuntoulawatonun TaoldInsuialilusege (High
2 AW 1 a o 4 [ v
Voltage Probe ) 404 PINTEK #41i9a31d94 1 nlalaad : 1 11aa uazawnsnda liussdugs
1 a 4 a 4 1 1 @ v Aaa 14
181Tur19 1 AlaTaad 09 40 nlaTiad A1ANNYNADY +1% M1ADINUNATIADT VD
1 A 9 1 A v 1% A Y o
SANWA ju PC510a tWo lduaasmiinaussaunszudasai laoinmsnaaon Taogilnsal
nageuaussauzvesntoulaslatonun naasldasglin 3.1 dwmsumanaaeuniouac

ateuun wimsnadeuTuau s ju deldnamsnagevawaasluaisieh 3.4

Flyback Transformer
TR1

DC Power Supply >
Output Voltage
Power
Flyback Transformer

MOSFET l

| Q1 —

x
Function Generator )

IRFP460 ~—

Eﬂﬁ 3.10 uam“lﬂezuﬂim”lsssimwsﬂ1s‘nﬂaauammuzmawﬁ’auﬂmmwmm



e

Multimeter Function Generator

“High Voltage Probe IRFP460 Power MOSFET

Y ¢
51 3.1 uaasgilnsaimsnageuaussauzvomonlasaronna

44



v EY
M5190 3.4 udaswanInadoungoulasalonuans s ju

45

a [ a 4 A
silavdouamagoy  useauliihieon (Alalad amaialdau
)
Y a aw A
( TAgd19DINAANINAIT N 3.3
)
! Y v =
PANASONIC VI 10 KV, annsolgaulsd Taglaill
U TLF14649F nizuada lva wag lina
msensn Feaunsodlsuld
qIga ~ 14kV
BSC WA 10 kV,, annsaldauld uaie
31 29-0167H YSUTAUNINAIN 12 kV
a 4 =
NAMI015n Laglinszud
§11va
ELX NN 10KV, annsalsanlalaelall
U 154-164A nagudsa lna uadlsuld
Mgagai 12.5 kV N
YOUANAHUA
1 9 9 1A
BSC WINNN 10KV, annsoldaula uamans
34 23-N0107 915n3¥NINNVBINITD
< Y 9 o
nilauaniosdsau
1INA 16 KV WAALTIAY
gagan 22 kv
ELX sz s kv annsaldaula Tae'lall

peak

U 2434451

nszuaiva uausaaun

Tasnusuanivua




46

Y
MnramInageuntoulasatenuans s Ju wu vlentlasatonunues BSC ju
Y [ Av A 9y A = < 9 A [
23-N0107 92 I¥museauassmuinandesnmsnga vaz lilinszuai lvavas 15nunus s
A 9 1 a 4 Y @ A [ 9 1 a
g9 (vsodosnd 16 nlaliad ) Tagldnwseauuioonsonsiauaiesn laninnii 10 nla
4 a 4 4 o [ 1 4 v
Thad gegadszana 220 Talad WorhwufFeudfeunurdondasateuunjudugudn
[J aldl a o [ 1 a d [ 1 [ (= a
annsoinanu ldnnnausaunn 10 nlaladruny uanssaugaga o199z lude 15 fla

4 { o U a @ X v
Thadaunmiuald veguinanszuaialva Fenwgadwanudomelinundondacla

]
=

wisouaguamseay lildamndmuals (dseuna 15 Alalaad)

9 Y
[ Y

= A K o A 9 ! 9
aalu lumsanell 3erimsmenvdoudasatenunaves BSC U 23-No107u1 1%

9 4 ' ) X ] '
Gluﬂ1§ﬁ§1\1lﬂ%@\ﬁnﬂhl1/\lﬂ§$Llﬁﬁiﬂlliﬂﬂugﬂ %Q’J\iﬂﬁﬂl’ﬁ]\‘lﬂh’OLL‘]JEI\?‘V‘I@HJLL‘]JWU’OQ BSC U 23-
9 Y o {
N0107 uaz laozunsnavasarvguuiondasarsnun naaaldnsgla 3.12 Tagseazidon

U

[=

v ] Yo o ' ¥ v
voelnseadravesvlgau Llﬁ'ﬂ\‘lllﬂﬂﬂiﬂﬂ 3803 uazaﬂyngﬂin Taseaiavesndoutas

QU

Watenunves BSC U 23-NO107F uanad ldnsgii 3.14

R1 E
———
RV2 u1 K -
1N+ 21N+ 9 Focus

1IN 2N-
" o 10

FB REF r 8

pTC ouT —= L

et Vee fm A
—]

c2 f—= < +15v Qi

GND E2 f—r

c1 £1 IRFP460

]]
Al 9
10n TLéod
Output 1

= GND

oo [~ | |on [ feofm |-
el
a

s 3.12 Taezunsumvguuaziersvesrdemlaslarenunves BSC §u 23-N0107



23-N0107

\Y output ( = )

V input( Vcc )

Drain ( MOSFET )

31 3.13 waaalassadnldnuvesfentlasarsuuaves BSC ju 23-N0107

NUT . www.amazon.com

2

Side View




3.5 NaTIMALanINatiasIatandne

48

Y & b ¢ P
ﬂTiE)ﬁJﬂLL“]J‘Uﬂ'Iﬂ!Lﬁﬂ\?NaVl,ﬂlafJﬂi%quiﬂiﬂﬂuiﬂﬁalﬁﬂiﬂizﬂﬁ MCS-51 1U073

AT89C52 drnsudrumim 1t usenaasnaidonldae LCD Module 16x2 428015 1ae

aa = v J =
mewaalugﬂl,mmmﬂwaa “Ii\‘lﬂﬂ!ﬁilﬂ@]‘llfNUli]Iﬂﬁﬂ@uIﬂﬁala@illﬁﬂﬂiuﬂWﬁWﬂ 3.5 Uy

anvazu lFausimau 40 01 daaaslugy 3.5

M519 3.5 auautidvesluTnsaouInsames MCS-51 1we§ AT89CS2

pan1lszney

A o 9
NAA1¥aU

YURHA (NT19xe1xg9)

13.84 X 52.26 x 3.81 HaaIuAT

flﬁﬂ')u‘lﬂﬂlclﬁfl\‘l"m 40 U1
< o a 4

AN lumsihau 24 [UINNSLITAY

' o o 4
wmamm%ﬂum*smam 256 lIL]J?’I

' o o v oA a J
Wu?ﬂﬂ??ﬂﬂ’lﬁ’]ﬂi‘ﬂﬁ]fJ‘L!I“]JiLLﬂilI 8 ﬂIﬁuh_m
Tﬁﬂﬂﬂﬂﬂﬂ?1uﬁ1ﬁ’l'ﬂ%ﬂ&%ﬂuiﬂillﬂﬁj\l 111U Flash
6lJTLG{]}”I/GIJT{’ZIf’Jf] 32 ¥09

usaau I dwmsuldau

5 1ad




49

PDIP
T
P1O[]1 40[Jvce
P1.102 39 [1 P0.0 (ADO)
P1203 38 1 P0.1 (AD1)
P1304 37 0 P0.2 (AD2)
P1405 36 [1P0.3 (AD3)
P1506 35 [1P0.4 (AD4)
P1607 34 [1 P05 (AD5)
P1.708 33 [1P0.6 (ADS6)
RST 9 32 1 P0.7 (AD7)
(RXD)P3.0] 10 31 [ EA/VPP
(TXD) P3.1 ] 11 30 [] ALE/PROG
(INTO)P3.2 ] 12 29 1 PSEN
(INT1)P3.3013 28 [1P2.7 (A15)
(TO)P3.4 ] 14 27 [1P2.6 (A14)
(T1)P35[C]15 26 [1P2.5 (A13)
(WR)P36] 16 25[1P2.4 (A12)
(RD)P3.7 |17 24 [1P2.3 (A11)
XTAL2 ] 18 23 [1P22 (A10)
XTAL1[]19 22 [1P2.1 (A9)
GND [] 20 21 [1P2.0 (A8)
RECC

51 3.15 anvazanldnuvesvedlulnsneuInsames MCS-51 183 AT8ICS1

td' v A =
N : NIIVY ITENINIA.2553

msaammudauuﬁmwa"lﬁlﬁaﬂ%mmmwa LCD Module No: ABC016002A07-

GHY-R v11@ 16x2 M0ny3 i ldaulasiimsudawalugiunvvesadnealinuauiina iy

A15199 3.6

A15199 3.6 ﬂmﬁ'ﬂJﬂaﬂJ@Qﬁ]fJL!ﬁﬂ\‘lWﬁ LCD Module No: ABC016002A07-GHY-R

4 Aa o 9
SNGHEFTGH NOA L1
YUINVOLLEAINA 16 X 2 AIONYST

YPANAN e 1ga)

80 x 36 x 14.5 Yaaluas

I 4 v

A 9y
NUNHHIIDLUAAIND (NINNXYTD)

62.2 X 17.9 Haaluas

vafsAYIEMTULaaIna (naxed)

3 X 5.60 HAAUAT

VYUIAUD Dot size

0.55 x 0.65 HaaIuAT

useau i ldaou Vpp)

5 1ad

X o
HAURIN UK AAN119D (Backlight color)

Yellow-Green




VSS
VDD
Vo
RS

RW

DB0-DB7 <{———

CONTROL
LSl
SPLC780

50

LEDA 1

LEDK I

comlé
——2—3  LCD Panel
seg80 W
Backlight

LCD
MODULE

VDD(+5.0V)

Vo
VR(0~20K)

B

VSS(0V)

LEDA(+5.0V)

LEDK(0V)

a <
3‘1]1’] 3.16 Ua@ﬂqﬂﬂzllﬂimmﬂﬂﬂﬂllﬁﬂﬁwa

d' v A =
N : NIIVY ITENINIA.2553

v 9 [ o 0 o A
ﬂ155ﬂﬂl@yam@ﬁﬂﬂllﬁ@]3wa ﬁmiummﬂiz‘maNauazuﬁmwa mﬁuﬁﬂﬂugﬂ

o Y Y A A 9 P
3.16 Iﬂﬂﬁﬂﬂl@uﬁa‘i’l’]ﬂﬂﬂﬁﬂﬂﬂ 1 DB0-DB7 Vlﬁ\iWWUGU'GH'@fl]']ﬂlliliﬂﬁﬂ@uiﬂﬁa!’aﬂill']ﬂ'Nslﬂ

s s A
T¥unesaoynsu neiah 2

GND

J2
TOLOC KL

GHl

LCD1
LMOtEL

nnnnnn
nnnnnnnnn

.
153

L1
—I;‘Q KTaLt

*TaL2

FOLADD
ROED
o202
FOARDI
POLUAD
PFOSADS
POSDE
POTMOT

P2O0E

P2
P22010
[ZETAT
P2UR1Z
P25R1I
P2GRTL
p2TRIS

PIORXD

J1

R1

AIND

]

AN

AINZ

Rz

=%

o

3

L ]
LI
sz a0UT
2 ET wREF
N _los sz

ICFasal

GHD

TALOC KA

GHD

1 3.17 leezunsudnuazmsaeginsainy lulasaeuInsames

5181';1$l?]ﬂﬂiuﬂWi@@ﬂ!lUUL!ﬁ@ﬂﬁﬂgﬂﬁ 3.17 "l@azuﬂ‘imwimmmmwmmg

souanina Usznovlide lulasaeuInsamos MCS-51 105 AT89C52 il uniiaeg

Uszuranauazaiuiindeya vouaaana LCD ¥11a 16 x 2 donbsdmiuuaawallszneunie

4 (% 9 o - [ (% < T
(1) Fowaa1u (2) UT9AUI00N AIMTUMALFAINALIZTNTTUFYRIUOUIADNIINIUHAIIY



v W

A4 9 X o = a ) ' s A o

NATIULYUIA 109 15 dlaliaa mmq‘luTﬂ3ﬂauimmaaigwammmﬂmwuﬁ Uyl
<] Y 3 @ aa .. 14 Y R o o A

emaaﬂ“lmﬂuﬁﬂgtymmma (Analog to digital converter) U937 PCF8591 Q93U YYIUN

9

1duhmsdszunananazihan e lduaassiunisee Led Tugduuvaiaoans Tu unuds

MIMNUVDIAIUUAAINAAIFUN 3.18



Gu
\ 4
a8 LCD module wansdianinu /
“SMPS 20kV EE SWU” 7

A 4

SCL, SDA aaanwflu 1

A 4

PCF8591 FuUANLLINAL

e ay o
INNANEIRAINTTIA

A 4

SDA a9an 1 114 0

Tunuei SCL apangail 1

A 4

SDA , SCL asfiayaiiay 1 O

Q11401 8 TANAaN INTO ffu INTL

A 4

AT89C52 uilas fiaya 8 Tm uaning

gasusesuEnun1gaa LCD module

UFUhAL

. v o ny
udnsATusAURTA lEaan

1928 LCD Module

3UN 3.18 BAAWNUAINTINNUYDITIUIAAIHA

52



=
unn 4

MINAgaUasNIINAal

FY '
°lumnﬁﬁ]$ﬂanﬁqmsmﬁauﬁmsauzmsﬁnmmmm%‘mma"lwﬂsmﬁmmsqﬁ’u
A v g ) o 9 a =2 ax T A
FINTAITNUUAIHITUNTSUIUNMTAITNNAITNN IﬂEﬁ]z@‘ﬁ‘]ﬂ&lﬂﬂ’s‘ﬁﬂﬁ‘]ﬂﬂﬁ@ﬂﬂW]N“’]GU’ENLFﬁ@Q
' ' Y
1o Irlihnszuaasaseauge uazmsnaaoansldniessies lnszuaaswssaugeaiaiieiu

v Y
Tunszurumsadanaran ¥alieazdeanail

4.1 miﬂﬂaauammuzm%aﬁm"lwnizgmmmiﬁuga
= Li’ o d‘ 1 [
Tumsanuil %‘mﬂ”l’ﬂlﬂﬁ@‘uﬁilﬁﬂu$Lﬂ3’EN%WEJU],WﬂigLLﬁ@]NLLNWMQQ 91NN1T
9 ' Yy 9 o !
naaeuauIIoUzYeIriuatilaialgves BSC 3U 23-N0107 U196 Y FFIAIITNAA D
ﬁmmuzmmm’%mﬂw”h\lﬂizuﬁmmmﬁu’qq Tﬂﬂmima’amqi]iihﬂﬁ’muaunmuazmmﬁ
A 1 9 ~ 9 ds! Y o = [ A 1 [
mmmimma”l‘wﬂizmmiqgmﬂugq‘ﬂfdﬂwuilz"lﬂummﬁsmmﬂﬂﬂmﬂimmﬂamumuwmuaz
H . [ X v W Y
72149 ( Function Generator ) 499 YOKOGAWA 3U FC10 FININAGOU CINTYYI1UAIY
a ] v aa 4 1 [
poa%a laa In1lves SIGLENT 31 SDS2304 4aANNDIUDY SANWA U PC510a wag InsuIia
o @ 1 o [
13999 ( High Voltage Probe ) ¥4 PINTEK  y1viimistiufinawaz gidynin Tasuiaily
Y
NSNATOUAIN
4.1.1 Msnaaeulsusoum s ( Duty cycle )
4.1.2 MInad@evl5 ANV 9I99T

4.1.3 Minageumstsuusaaulda

A 9

Y
4.14 ﬂ”liVlﬂﬁ?J‘]J’Jﬂﬂ%Li\iﬂuélﬂ@@ﬂIﬂﬂ’)ﬁ%ﬁllﬂﬂlliﬁﬂu%ﬁﬁﬂ%u ( Voltage Divider )

A o

9 9
M5 VIUADUMTNATOU VAN



54

4.1.1 MInageuUSUIoUNIN9U ( Duty cycle )

o o 3 @ A J
Glumﬂflﬂﬁ@‘uﬂi‘m@‘umimﬂm ﬂ3Lﬂuﬂ’]ﬁﬂiﬂﬂ?’lﬂﬂ'ﬁl'lﬂellﬂﬂwaﬁ Iﬂﬂﬂ'lﬁ‘ﬂ']ﬂ

A

o Y ]
yaIunadINeIsedyyIntazaNuINad W u S euieununiesnedyyuuaz

=1

~ . o A 9 [ v 9 da! 9 = 14
AIUD ( Function Generator ) Tﬂﬂﬂ'ﬂﬂﬁﬁWQﬁﬂqumwaﬁm@QQ\iﬂﬁﬂﬁﬁqqmu ﬂgslsb'llﬂcmllﬂﬁ

o Ia

TL494 m3UsuseumsinuzansodSumanunhsvesdyaawadn lannmsysuam

]
[ o/ [ % 1 =~

Y . 9)31.1 1 = a td Z o [ 4
AINATUNIU ( R-adjust ) "l,ﬂmgm 0031 ﬂIﬂIE]‘I’T?J NUUNMMTIATUYIUNATAINA1INUT

9

o A

9 1Az 10 AIwpodTa laa Inllues SIGLENT ju SDS2304 tiufindeyavesdygiaglad

U

9 [

v A 9 [ 1 9 [ I'4 A v
Wamn"lﬂinﬂmimﬁauﬂiummmmumumumqwamgmau muaﬂﬂugﬂ 4.1 AMIUNA
[ ' Y o Y 2 9 o w 9 o v 7
MINATOVUSUANNUATUNIY i]wﬂwmmawamnmmﬂ’;mmwﬁnujmgmwaﬁqqqﬂ
. o s o [ o = 9 A 1 o
( Maximum ) 48a1gA ( Minimum ) dvsvihuuaenldnuveuniosnies linszuansausadu

ganmunzauae 11

U1 | -
:‘, e 2N+ x
e I
s R
e OTC  CUT f—
2 CT oo = P
a = RT C2 |- B 3
x| s ON0 B —p
0 = ll > Ot
LS > 0pat2

RV

——

K Gup

[ o d‘ 9 g
(n.) laezunsvvoaarsdsuseunmssiau ( Duty Cycle ) U994NITNHITNUY



55

4 [ o d' Y g
(v.) Qﬂﬂimﬂﬁmﬁ@uuag’mﬂiﬂiuiﬁmmimnm ( Duty Cycle) N3 199U

d‘ o o ~ 9 é}
31]7] 4.1 Mmsnagovlsuseumsiau ( Duty Cycle) ¥D4NITNATNUU

Y [
Tumsinedl MrualiiesminaaeudSuseuns1iiay ( Duty Cycle ) 1 25%,

9 Aa a a ¢ R A o o 1
50% , 75% waz 90% lagleniuan 30 nladsad dalglnsaimsnaaeuazll 4.1(v.) Taga
[ d' Y d' o = [ 9 d' 1 [ d' .
dyaai 18 WerhunSeudisuiumsnadevalunsesdiedyn1auazA21ud ( Function

Generator ) U948 YOKOGAWA §'u FC10 %Lm’ﬂﬂﬁ}ﬁ’\igﬂ 4.2

Duty Cycle 25% f=30kHz

—Voltage(TL494)
——Voltage(Function Generator)

© e
> et 7|

N’ F

< i

2 -
D o e — Serarree— | Serrrrm——n—— - |

S i

© :
;- - )

10 I i | | I I i

-6 -4 -2 0 2 4 6
time(sec) x10?

[ v J @ o 1 t:' 9 d%' 9y A
f. muﬂunmwammmiﬂimaumwmu ( Duty Cycle ) 5 HINNITNTATNUY (LA UTLAY )

9

[ A v o = . Y A o a A
NUATDINYAYYIULAZANUD ( Function Generator ) (LA UTUIUIU ) N1 25%



amplitude(volt)

56

Duty Cycle 50% f=30kHz

............... e R v —Voltage(TLASd) —
: : —Voltage(Function Generator)

0
time(sec) x10°

v 7

o [ o 1 A Y 49! Y
¥. dyunadueImsiusounsiau ( Duty Cycle ) 38HINNIINATINIU (1dUTLAL)

o Ay 4 i y 2% a A
NUIATDINYAYIULAZAIIUD ( Function Generator ) (LA UTUIUIU ) 1 50%

A. dya)

AULA

Duty Cycle 75% f=30kHz

amplitude(volt)

—Voltage(TL494)
——\Voltage(Function Generator)

@

'
A 1

I

o
time(sec) x10?

J

o o ' 4 9 X Yy
ﬂ!WﬁﬁﬂJ@QﬂTﬁﬂﬁUﬁ@UﬂTiﬂNTu ( Duty Cycle ) IEUIWNNITNTITNUU (LAUTLUAY )

]
A o

1odyaNMazALD (Function Generator ) (Wdudthiku ) 71 75%



57

Duty Cycle 90% f= 30kHz

; - —Voltage(TL494)
——Voltage(Function Generator)

amplitude(volt)

0 i i i I i i i

time(sec) x10?

o o [ o ' ! 1 @
J. ﬂJuﬂJu']m WadveinsUsusounsmau ( Duty Cycle ) i%ﬁ?”lﬁ')\i‘ﬂﬁﬁﬁ%}']\i%u (31.) nu

1389910 ayRaazAI1A ( Function Generator ) (42.) 7l 90%

d' = [ A [ o 1
E‘IJ‘VI 4.2 L!ﬁﬂx‘lﬂﬁ!ﬁlﬁﬂ’uW]EJ‘iJﬁQJJfLﬂﬂ!WﬁﬁﬁﬂﬂﬂﬁTJS‘]JiE]‘]Jﬂ"Iﬁ‘VINTL! ( Duty Cycle) 5%1319
K v ' ]
NsedyaLaANANES NTUND 1T a9 da QN ALaEAIND ( Function

Generator ) ﬁﬂ'Wl‘Nf]

9

{ @ o % o A
€l]’]ﬂ?ﬂﬁ 4.2 HANSNAFOUNSUSUTOUMININIUUDIINT A 19T 2 ﬂl'lmwaﬁﬁﬁ%j'l\i

9

é} = (% 4’ 1 [} d' Y [ [ 9 L%I (%
GULlL‘]_GEJ‘UL‘VIfJ’]Jﬂﬂlﬂiﬂﬁﬂiﬂﬁﬂgﬂ]ﬂmlmgﬂ'ﬂﬂﬂ ’Nﬁ]Sﬂ'iNﬁﬂluﬂJﬂmWﬁﬁVIﬁi”l\‘lslluﬁ'liﬂiﬂ‘lliﬂ
o Y =2 I 3 4 o @ = J [
iﬂﬂﬂ?iﬂ?\ﬂullﬂuiﬂf,:fﬂﬂ\‘l 90 11lo51FUA Tﬂﬂﬂ?ﬂﬂmﬁﬂﬂmgﬂlﬂﬂﬁﬂqﬂcﬁ 105 TL494 M35USU
o a [ 1 [ d' = E [ 9 a d'
FOUMTINNAANNNMTUSUA LT IAUNY 3 51]@\1]1@“])'1@]ﬂﬂl“lfﬂ%!,i\‘lﬂuﬂ%‘lf’)\‘lﬂslﬂ 14 UBINIT

=3 [ A 1 @ A A [ o 9 ~ L 4
L‘VlfJ’]JL‘VHﬂ‘ULﬂi@Q%WEJﬁfUuﬂlﬂmllﬁZﬂ’ﬂilﬂ‘ﬂfﬂiﬂiﬂﬂiﬂﬁ@'ﬂﬂTi‘i’INTu]’lﬂiJTﬂVI?jﬂ 90 11/os1FUA

AU

4.1.2 MINAToUYTUANNDVDIINDT

De

A v

o A A ' ) ° vy
ﬂ”liﬂ’i‘iJﬂﬁ”l‘JJmJ’eN’N%ilﬂi@ﬁi]”llel‘Nﬂ'izLLﬁ@]NLL’NﬂHQQVIﬁSNﬂJu ﬂ”lﬁuﬂllﬂﬂ’w

[ 1 v &
ﬂ”lﬁ‘]J'i‘]Jﬂ"lﬂ’J"l?J@%)”luTnu R; Llagﬁﬁlﬂﬁﬂﬁgﬂi%}\ﬂu CTﬁnﬂﬂ”IEJl!f’Jﬂﬁ"lﬂ 6 LAZUT 5 YDIWAT
=\ 4 2 & ) [ 9 [ v A A v a < A ~
]1@“]5!,1]@5 TL494 G]NLﬂu’)ﬁﬁ]iﬁTﬂﬁUﬁﬁTﬂﬁiyiy?mWﬁﬁ HIDNAVUAUDY ( PWM ) NUAIND

A o o ~ Y o o J
NN Llagﬁ’]ll’]iﬂ“l/nﬂ’lﬁTJ'iﬂlﬂafluulﬂﬁ]’lﬂ‘ﬂ’]ﬂnﬁ’]ﬂ’liﬂ’m’]uﬂlﬂﬂ"U’l@@ﬂwaﬁ Iﬂﬂﬁluﬂ'ﬁ‘ﬂﬂﬂ@ﬂ

9
v A o

o 1 v o % 1 a 4
A593l 923U uanNuMUNIY (R-trim ) #99g 1Faadumulsua lavuna 20 Alalevw

Yy 9 9 A o Ay Y ' ~ ~
INNITNATDUNULAIVINAU ( UNN 3 ) mmmﬂimmm"lmgiumqmmagd I@EJ?J"U’H1@



58

v

{ 1 a a o a a 4 g’; o v 1w 4
ANNDIZHIN 5 N ladsad 89 110 Aladsad Mnuwhmsiamdyyiavesgdaduwadan
0NN 9 1AV 10 AIeodFa lad Inlluos SIGLENT ju SDS2304 Tnstiuiindoyadayq o

' 4 & o [ £y ' ' Y

FIUN1INesA USB 91niuhnisdanianudiumulugisvuad 19 Taganudumiu (R-
[] 1 a 4 a 4 4 o [

trim ) 8¢ 1149 0 A TaTetiu D4 20 A laTevn ezl I 1F)Tuanudumulidldawuua

q 9 ! 2 Yo = = o '
anudldauae 1 msnaaeuil lddmuaresmsairuguanud Taslidumisvesni

UMY (R-trim ) DlFdmsvlSuanudeegl 4.3

RV2 U1 | R |
; Ne 24 ™
IN- 2 o]
- 3_|¢g REF |—=
z .|} L lotc  out
2 S
- ¢ | AT c2 |-= &> 8
2.1 ) T GND B2 |0 +
° ﬂlll 2 _{cy & [ I
owmpatt
T _L__—g o2
RWV1
DK oup

v H Y
(n.) laozunsuunennsdsunnud mﬂﬂlﬂ%iﬁﬁ%ﬁﬂ%u

4

R AlylumsdSuanudlyau

4 o { A g
(v.) gunsaimsnagouuaz9asliuanud Nadrevu

d' o A A v d%'
3‘1]7] 4.3 MINAFOUYTUANNDVUINITNAT VY



Y

Tumsdnuil fvualiesmsnageudSuanudldau dsgd 4.3 (n.) e

[ d'd' 9 d' o = [ 9 A' 1 [ d'
dyaunnudn g werhwulSeufisuiunsnadealsnsestiedyaiauazaud
J : o { o ] ! a a -4

( Function Generator) U994 YOKOGAWA U FC10 F3fviuan1uda0019'137 20 A lagsacs

a a J a a o a a ¢ o I
30 N1ALESAY , 40 N IALEIAT LAz 50 N laldsns NTOUNITHIIU ( Duty Cycle ) 50% AIUAAY

Tugil 4.4
Duty Cycle 50% f=20kHz
* forrrirrer— —Voltage(TL494)
——\Voltage(Function Generator)
g T 7 T
=X . )
o
2
Q. om ]
S
©
W f O N
o : : : : :
time(sec) -

Y] Y4 [ ~ 1 ~ 9 49! Y [ A 1 o
f. ﬂluiy’lmwaﬁm@\'lﬂ’ﬁﬂiﬂﬂj1uﬂ FEUINNWATNATWUU (LFUFUAY ) NUIATDIDY YT

= . Y
1azAUD ( Function Generator ) ( 1dU

Y

)

H H a a J
&Y NANVD 20 D latdsasy

Duty Cycle 50% f=30kHz

= —\/oltage(TL494)

——Voltage(Function Generator)

T
[ N B
10+ :
~—~ -
= :
Q #
> e ——
N 5l
(]
T
>
=
o
S
©
S5 :
b w : ﬁ
10 i i i 1

5 4

A

[ [ d' 1 d' 9y ds! 9y = v d‘ 1 Y
Q. mmmwammmaﬂmmma FEHINNITNATNUYU (LTUTLAY ) NUIATDINY Y

= . Y
1azAUD ( Function Generator ) ( {dU

-2

d%’a

time(sec)

2 4

~ P~ a a -4
FUIUIU ) NAUD 30 ﬂI’mﬁin’



Duty Cycle 50% f=40kHz

— f < Voltage(TL494)
5 ; —Voltage(Function Generator)

N |

amplitude(volt)

40 i i i | I i

0
time(sec) x10°

v J

[ [ ;d' 1 d' 9 49! [ d’ ] @
fl. ﬂluﬂul'lmWﬁfTeUE]\‘lﬂ'liﬂiﬂﬂTliJﬂ FEHINWITNATNUU (1. ) NUATDINY YyraLiae

A 3 A >~ a a 4
77140 ( Function Generator ) (A2.) NAIUD 40 nlalgsass

Duty Cycle 50% f=50kHz

e .|.. ] T . w] — Voltage(TL494)
——\Voltage(Function Generator)
% %- s ﬁ |
> [ e— e
= “.T mﬂ
g
S - i
€
©
'Si-l—i — Hui— m—— — —— Fv i
10 1 I 1 | 1 1 |

4 % 2 4 6

0
time(sec) x10?
v J

H H 4 X
1. dyananaduoansdiuanud senineeesiad iy (1) nunsesedyguuas

d' . d' d' a a 4
A1UD ( Function Generator ) (42.) 1A 50 nlagsasy

A

d‘ = 3 [ A 1 A Y dg! o
EII‘VI 4.4 waEaIMIseuneUduIuNag1InMsUSUANND TEHINNITNAITNUU N

[T

1A3099 1Ay MUAZAIND ( Function Generator) 159UN15%191U ( Duty Cycle )

50% LAZNANUDAN



61

. [ { a 7 o
%Wﬂgﬂﬁ 4.4 wamsnageumsUsuanualumsaInsvo s 'J\ﬁ]ﬁﬁ%lNﬁﬂJuﬂﬂﬂl

9

v oA 9 dy @ = U 1 a ad &K a ad 1 o
WamnﬁﬁNmummmﬂamaummn"lﬂwmq 10 nlatgsa 99 110 N ladsa uaihnagey

= [ A 9 o ~ 1 a ad &K a ad 1 g’z A
Llﬁﬂﬂlﬂﬂﬂﬂﬂlﬂﬁﬂ\‘]ﬁﬁNﬁﬂJﬂJﬂﬂ!L!a%ﬂ'ﬂllﬂ Tuwa9 20 nTadsa 99 50 N latdsa MmUY leog

a

[ ] A a ad =K a Jd 3 AA o 9 Y
11109101 11 9A08 20 D 1a1839049 50 A ladsatluanuanihu lsaululwsasie

[ o

(%% A A a 2 1 2 1
ayuIuUnad Nnamsiseuney ﬁmmmwaﬁﬁmﬂﬁummmmunﬂmwmmﬁmﬁ@‘u

D)

Y

Y ' 9 o o A K a A )= 1w A 1 @
uﬁm“lwmumaw5ﬁiwﬁaumunmwaﬁmm1wu 1J§$ﬁVI‘ﬁﬂWWW]EJiJWHﬂ‘ULﬂiENﬂ?ﬂﬁﬂlﬂfmm

g}

=
HagZNNUD

[ [ 9
4.1.3 miﬂm’faumiﬂimgimuimm
[ o Y o [ AN Yo
mi‘i/lﬂﬁﬁ]uiﬂﬂmiﬂimﬁmuhﬂm ﬁ]&"]/l’lﬂ’]f!"]/]@ﬁ'ﬂ‘]_lﬂﬁ\ﬁ]’lﬂ‘]/lhlﬂﬂ']ﬂ'ﬁ“ﬂﬂﬁﬂﬂ
@ o [ { A ! Y ' o
UY5us9UM51191U ( Duty Cycle ) tazSuseun1ud Nilanruzaund) na1Ineriing

[ A Yo A Y A ' ) Y o o
1/]ﬂﬁ'ﬂﬂﬂﬁ\iﬂ1ﬂ1/]llﬂﬂ1ﬂ’ﬂllﬂuﬁ$iE)‘]Jﬂ1§5l°]5\11uﬂlﬁiﬂ%ﬁﬂ@]E]ﬂ1§u13ﬂsl"]ﬁ’33Jﬂ‘]Jﬂ1iﬂi“]_l

E
(% 1

o 9 A N ¢ @ A 1 @ a1 =<
uimuhﬂu L‘W't’](l’ﬂvlﬂlljﬂﬂuGU'IE]’E]ﬂ6]]'ENLﬂ5'E)\?ﬂ'lflll‘il\lﬂﬁguﬁﬁﬁﬂllﬁﬂﬂuqxi AL 1 DN 20

a S = @ o [ sq =
ﬂiﬁijﬁﬂ G]f\ﬁ]’lﬂﬂ’lﬁ‘]/lﬂﬁ@ﬂﬂ’lﬁﬂiﬂﬁ@ﬂﬂ’lﬁﬂ’l\ﬂu (Duty Cycle ) LLagﬂ'liﬂﬁUﬂ’J'ljJﬂGlﬂf\ﬂu 7N
A = a A ~ A o o A Aq Y a a ¢ A
ﬂ%@ﬂLLazuﬂizﬁ%‘ﬁﬂWW%Q@]ﬂa ﬂﬁﬂi@ﬂﬂ’]iﬂ’l\ﬂﬂﬂ 50% Lla$ﬂ31ﬂﬂ1%\i1u 30 ﬂiﬁlﬁﬁ@“ﬁ 7N
Yo Y y & X o 9 w o v q9
"lﬂ‘ﬂ']ﬂ'lﬁﬂﬂﬁaﬂéln\iﬁullajuu “D’\‘]u']ll']“lslfﬁjilﬂllﬂ’]ﬁﬂ3Uﬂ1l!5@ﬂu1°ﬁ¢nuﬂ’]ﬂ'}\ﬁ]3 Tﬂﬂ
R o Yyyvd 1 o= g 1 Yo )
ﬁ’]iﬂﬁﬂﬂﬂﬂllﬂﬂ{lﬁﬂﬁﬂﬂuli\‘]ﬂu‘ﬂ“mﬁlllﬂ@]\ul@] 19410 I'Ja@ fiﬂfflﬁﬂﬂﬁﬂﬂllﬂaqwa']ﬂllﬂﬂ

] 9
e 1w Idussdueongaga Aua 1 84 15 1 lalaadae 1l

VCC Uz
T LM350T
21y vo =2 > Output
é —> GND
- R2
100R
RVv4
l 3K -

GND

[ o A 9 ds!
(n.) llﬂf]%L!ﬂillﬂ]’t]\‘]')\ﬁ]iﬂiﬂl!i\?@uﬂﬁi'l\‘]"llu



62

207 ()
VIC TRANSFORVIER

d d‘ 1 . (Y v 1 . £
NOINBONAD R-adjust ﬂiﬂ!!‘iﬂﬂuﬂ‘lﬂi‘ﬁﬂﬁ‘lﬂ!!ﬂﬂ

4 [ v A Y dy
(v.) ginsaimsnadey uaz99s SR UNTTINY
51 4.5 msnadeullsunseauldnuveises

= dy o Y [ o [ d' [y [
Tumsaamil Mmyvualviwsnaaeulsuseumsniany Usuanud uazasunsaau
[ o [y 1 [ 9 1y [ 9 té o [
naaeadgl 4.5 (v.) arhimsUiuaseauvian (Jsuseuuseaumsleann ) $agriinisia
139UV ONHI B TIAU VBN N eulaslatenun Taons 19 Tnsudaluusega ( High
= [ 9)311 (BN = a 4
Voltage Probe ) ¥94 PINTEK 31115030 Irlusaganszudasa laasuadis 1 09 40 nlaliad
d‘ 1 @ v Aaa 4 1 ] v aa 4 =
IouADNUNAANIADT YOI SANWA U PC510a uazudaen lusegeluiaaiinoes Tl
% [ [ . LY a 4 o’é v aa 4 @ 1 [
DMI1AIUNTIAY ( Ratio ) 11101 1 Alaliaa : 1 1nas Fauaadluianiwes uazianusiay
[y [ 4 [ 4 a J
¥ TagaznaaoulSunsaauundr el ldussduvisonin 5, 10 uaz 15 nlaliad
o w o 1 A o A A 9 A
AUAIAY  lAgmMHUAAIAINUBITOUNITNINIU ( Duty Cycle ) 71 50 % tazaud 1$91u9 30
Ay a Jd=R I 1 AnY A A v oa Yy ¥ v Ay v
nladsad yuiuainldnnmsnageuiangaasinanuudiiedu #ai laanmsnadou
ao 2
aatl

- Auseguaesn 5nlaliad vz ldauseauundinaeindoutaslarenuailsy

4
119 1.108 11aa

- Auseauaeen 10 nlaliad vz lamuseduandinaeg1ivioutasarenuailse

4
119 1.975 11aa
1 [ a 4 1 [} H [
- usaauv1onn 15 nlaliag az ldaussauvndinae lindoudasarouunilss

1w 5.02 1ad



63

MNMInadoUT AU uaawwa ldasgi 4.6

. ¥

1!"1]1161111’1119]4 MUIIANVI00N 5 KV \

Duty = 50 %

_—i

mu‘smmnmnﬁ"lﬁ ANSIAUUIDDN 10 kj

<

S

Duty =50 %

)/

' @ Y A Yy 9 A I ¥ [ = a 4
U. AULINAUVUU ‘V]"l]1fJGl‘Vi‘Vi1]i’]!LﬂaﬂﬂaWﬂ!lUﬂlW@iﬁqﬂlﬁﬂﬂusll"l'f)ﬂﬂ‘ﬂ 10 ﬂTaI'Ja@]



64

_ITS

muimummvﬂﬂ ﬂﬂlﬁx‘iﬂuslﬂﬂﬂﬂ 15 kV

S |y —
E‘

' &) Y A Yy 9 A ¥ o A a s
. awssauvuan e livdeutlaslarsuuame 14 lausssuviooni 15 0 laliad

a o o ] A g XA Yy g ¥

E‘IJVI 4.6 ﬂ'ﬁﬂﬂﬁﬂﬂﬂﬁﬂiﬂﬂllﬁﬂﬂumum’]ﬁ]’]ﬂ?ﬂﬂiﬂﬁﬁ’]ﬂﬁuu LWﬂ%?ﬂiﬁﬁﬂﬂllﬂaqwa'wuﬂﬂﬂlﬁ
9 o a 4 o w ~ o A

llﬂl!ﬁ\iﬂu 5,10 L8 15 ﬂTaI'Ja@I AN Tﬂﬂﬂﬁ‘ﬂi@ﬂﬂ'ﬁﬂ?\ﬂu‘ﬂ 50 % LAZANIY

A a a o
130 nladsay

NMINATUMIYSTVHTIAUTIAY 311 1HNT 101 NNDALTIAUUIDONHI DUTIAU
' o PYRET v VoA a 4
yreoniiie 1% Insuialuinsegs ( High Voltage Probe ) IaA100n11 dauaan1i s nlaliaq ,
a 4 a 4 3’1 @ J
10 nlaTaad uaz 15 flaltadiu azdoalduseduaniiaelinioudasareuunveos BSC
1 o ~ KR Y o A o 9 Y [ Y]
U 23-N0107 S1aun Traa teaz lasussauvioonauimvuatedu uazszians Wiy
A \ o 4 v 2 X ) o a P
199NVBUAT09118 I nTzuaassIauganasull Tasldusesdu s, 10 uaz 15 nlaliad
= v A s 3 4 o w - o A
TasiA152a0NVBILTIAUN 8 , 8.4 1182 11.6 1BTIFUA AUAIAY HAZAINTBLUNITIINIUN 50
A a a o 9 a 1
% azAUN 30 NIadsas laslsooddalaa Indues SIGLENT ju SDS2304 tiaadniiu

9 9
UINAUVTIDDNTIN 3 LITIAU Iﬂﬂ%gllﬁﬂ\‘lﬂiw\'ﬂigﬂ 4.7 MUAAY A9l



65

it HPP 15KV

18- : i : : —Vo=5kV ||
: ——Vo=10kV
2l : : %ripple =11.6 % || — Vo=15kv

! i i 1 il : 1 5 !m—u"'—

%ripple = 8.4 % 1

S
T

amplitude(volt)

g K 0
time(sec) x10*

d‘ [ A J [ IS g A
3'].]‘" 4.7 ﬂiﬁ/\llli\?ﬂuﬂﬂ@'ﬁ]ﬂﬁnﬂlﬂiﬁ]\ii]']EJTV\Iﬂﬁgllﬁﬁi\uﬁ\iﬂug\iﬂai']qmu ns

a J a 4 g a a 4
Alallad (iduauad), 10 nlaliad (FuaiiEu ) uag 15 nlaliad (1&u

3o ) TneldooasaladInlues SIGLENT ju SDS2304

[ @ ] v { 9 2
4.1.4 ﬂﬁ@@ﬂl,!,‘]J‘]Jl,!,ﬁ$1/]ﬂﬁ'@“].l')ﬂﬂ“!i\iﬂuﬂﬂﬂ@ﬂiﬂﬂﬂiﬂi!LUQLLiQﬂu‘ﬁﬁiNﬁu

(Voltage Divider)

[ 1 [ 9 ] v A 9 ds! dy d‘ 1
Gluﬂ'lﬁ‘ﬂﬂﬁ@‘].l')ﬂﬂ'llﬁ\?ﬂuﬂ]’l@@ﬂiﬂ61615'3\1ﬁ]illﬂ\?l;l.ﬁ\?ﬂuﬂﬁi'l\?ﬂ]uu LHBINTITIN A1

[y g’/ 1 o { o & 1 [

useanreonuuiinwseau Idihnge veduiludosaiiorsesutiansaan il (Voltage

.. 2 4 Y 1 o ~ 1 A v aa 4 Y
Divider) ¥u o ldawsoutaussan lihings TddauiisaneNiaatimesamisoian la

9 ' J T [ .. = @
(4N 1,000 1700 ) TAgn1500NUUVIIITHUNLTIAY ( Voltage Divider ) cmuﬁmmgﬂ 4.8

Y
7 =<K 1w 1

U52nouMIeAUATUMIUNIAISIGY R, 1AZANUMUMIALTIA R, Faussauiia Yuegium

9
mmsﬁ’mmumﬁm



66

v

A L
-
1010 |:|
DC High Voltage v i
Power Supply l Nl
R2
100K |:| U,=?
> i -«

31 4.8 31uVVV929950119U59AY ( Voltage Divider )

1 o . ) o Y
IﬂElfﬂi@ﬂﬂllﬂﬂﬂﬁﬂillﬂilliﬂﬂu ( Voltage Divider ) ﬂ$ﬂ1ﬂ1568ﬂllﬂﬂiﬂﬂﬂ1ﬂuﬂi1’i

o Y = 1T o a 14 9 Y 4
LI UV (U1) UAUNINY 1 ﬂIaI’Jaﬁ mmmumumumaqa R, =101 LﬂJﬂ%I@’Vm ag

£ Y o a o o o ! o 0 9y P
AITUATUNMIUATULLIIANN R2 =100 ﬂIaIEWflI GTN"1]5ﬂ1u3mﬂ@1ﬁﬁ’)u®@ﬂﬁ’)uﬂ]@ﬂLl,i\iﬂullﬂ"lﬂﬂ

% dﬂj
AUNITAIU
Ry
U, Us R,+R,
_ 3 100x103

U2 &0 lpal0” < (101x106)+(100X103)
[ gj/ o
iy U, ~ 1 laa

[ 1 [ d' Y o =W LY a 4 4
JUU m”lmummmmuﬂ”lﬂmmm U, : U, ununmnu 1 nlaliaa : 1 1haa

[ 1

ABATITIULTIAUAINAIMUALZD 391131519999 T1U U598 U ( Voltage

Eh.
)
—s

Divider ) Buaaiaag1i 4.9



67

S 9

311 4.9 yvsuiausasu Tt a iy ( Voltage Divider )

1 QU { g [+] o
AMINATOUITUUIITIAUNTZ19UU ( Voltage Divider ) dzviiminaaeay Iagnsrh
1 Y 1
2sutauseau Tihna$evu llhafFeuieunseaunialaainInsuialvuseage ( High
R AW 1 a 4 4 [ [
Voltage Probe ) 94 PINTEK Falionsidau 1 dlaliaa : 1 1ad uazaunsadaluussduga
18Tus9 1 AlaTaad f4 40 AlaTiad lAAnugndes +£1% e lisvsutisusaulWiha
g [+%) an
519U ummmaﬂ@mmﬂmaﬂ Tz 1Hiadlimouea SANWA §u PC510a 1Hudiuendn
usasuvieen sanaaaluglii 4.10 Fazshmanaaevdiusadu 10 Alaliad Tasldindes
1 [ a 4 v JdAav
Mo nsziansans ugaues MATSUSADA a11a 30 N 1a19ad 150 I8 ANANTZIa 5 mA
I~ Y [ 1 1Y) 9 A 9 zg A o = Y o
vziu 1@ sauanlavsuasaau lihnaevu ermmsnseumenussdusuInsusa
[ Y] 1Y 4 <3 o 4 1
Tusege vzliamssauaeonlndifesnu fnuaaianaeuaniios duiiloaw1aina
3 a o [ o [ 1 o [ 4
lesIFuUAANUAANAIAYBIRIAIUMULAAZA HazAINTZUANAINAY §1ITIBINI9INVUIA

o Y Aq ¥ a T W
"’Uﬂ\W]'J@anI']lﬁ/Icl“lf DIIUAITULANANNU



68

v Ay

[ Y
. u3auiia ldanieesusianssduiad 19y ( Voltage Divider )

31 410 uaasmsnFouiisunseduvioeniialaszniaInsudalvlusage

( High Voltage Probe ) (1.) 1239931596 U ( Voltage Divider ) Nia319%u (v.)



69

Y t#' v v d' Y é’ b4
4.2 msnaaedinsesnglvinszuanswssdugeianadulunszuiumsananaan
5 e 1 o 4 1 QJ { g
Tudeil aznandimsnaasaiuasessie lnszuansassnugenadeyn Tuld
Tunszurumsadonaauguugiia Tassziminadou Tasmsldiasesnielinszuaasa

o A4 g X o Y ] v A o ¥ A !
HIIAUGINTITNUY ’J'Iﬁ'lll'liﬂu'liJ'li%i‘L!ﬂi%Uﬁuﬂ'liﬁi'lﬁwa'lﬁiﬂvlﬂ@]'Ill‘i/'lﬂ'l‘l’iuﬂhl’.]?ii@vlu

] Y
o A

Tagmsnaaeumsad wnaraunguugiiai szldinsessne linszudaswssduganadie
R s Y o A6 o PR
Yu gornuglnsslaiamanangurgia Tagaziiinianaaed 3 n3al Al
" ad Y <
4.2.1 myaedian Insansoun Inadiulu Taslduue TuaunuAy ( Plasma Jet )
Y a :; " ad 9 g‘/ I = 1 9 o
mMsasnaaugungia lagnsaedian Insaaiuluuu dunsanyaaanisaineg
AN Yo y X Yya o Y & 9
waraun ldshmsadeiu Tageonuuulinadmarauimelunasauni ¥aazldne  auau
A I a I ko 9 1 I 4 ] ~
aa (vMsoluRae) Wuve lua uazlynenesuaadluviun Ina Fanoauauad Juuia
Y ' 4 A A o Y A g = [ = 1 Y 1
iduruguIna 1.2 Jaawas mindluReuna FezegluriaoaunidIuuy uagne
I ZIJ (] 1 9 v 1 1 [ 1
nowasiuiua TnaszoddIua 1UeIHaoAln) FI5202H19T2HINNONOLAILAZ NOT
] [ { a Y] 1 4
uAUIAE 929U NAUN 1 Ivuawes uaesaszl 4.11 uazleaezunsunsasginssinisadig
1 T adg A 9 9)311 I~ [
narauIveIMIABLUUNTABoan Insarsoun Inaaiulu Taglsvius Tuauuuiy Laadnq

519 4.12

U

H 4 1 1 1 1
Eﬂﬁ 4.11 QﬂﬂimlmgizEJ$‘HNS%W’JNVI@ETLW]HL@E‘TLL@SVI?JVI?JQLWNﬂ"lflsluﬁaﬂﬂllfgll’(]"llﬂ\iﬂ"li

\ "\ ad A ) v <
aouuMInesan Insarissua lnaaulu Taglsue Tuauuuy



70

R = 900KO & Argon Gas

 — H.V. Probe
4 I Huduaad
H.V.DC S o wudidaInsa
Power @ e
Supply o D wasaudl
ananasuag
{=Q==]
& (=2
e g b es
= R= 220 =8
Oscilloscope

d‘ 1 4 9 T ag
qil‘].l‘l’l 4.12 ]lﬂ'é]mmiﬂﬂ'li@]’E]Q‘]Jﬂimﬂ'liﬁi%ﬁ/‘m'laiﬂuﬂﬂﬂ'lﬁ@]’t’]'i]mﬂi‘ﬂiﬂ

Y
wioun Inamulu Taslduiae Tuauuidy

1 Y 1
e lRusedu i lrarmudadruniu 900 Alalory ivaue TuanussguauIa

a 4 Y v ) a 1 = o Y a = @
4.5 ﬂiﬁiﬂﬁ@ ngﬂl’ﬂﬁ]ﬁi1ﬂ15hlﬂﬁﬂlﬁ]\1uﬂ?f 5AaNINBUIN ﬁ]g‘ﬂ'lalfl/i!ﬂﬂwa'lﬁiﬂ PALIIAU 4.5

=~

a X g o A b A o qya A as A ] yy
nlaTraal Wuuseaunangannlimenaauguugiidnansovesruld Tuguowy
v td o 1 a g

ypan1saegUnsainisas wa maranuuunisaesian Insansoun Inaaiuly Taegly
t < 1 o % a 1 ~ ' < A 1

e Tuauuudy Tagmsiassussauuna 10 ansaoui InakiunasadursonodLAY
dvuaduiIugudna1s 1.2 Tadwas ¥egaislunasaudrvuiaduriuguinai s
A A { ] 1 ' ad !
Hadwas uazszezinuseduAaIazionoILaIniodan Insanielunasaudaf

a 2 o ~ Y [
1 LEUALNNT “B\TﬁTWﬁ']ﬁﬂJ'Wl]lﬂ Llﬁﬂﬂﬂﬂg‘ﬂ 4.13



71

d‘ o Ay ¥ 1T ad A Y
gﬂﬂ 4.13 a'lwa']ﬁu']‘ﬂllﬂﬁ]']ﬂﬂ']iﬁﬂalaﬂi‘ﬂjﬂwiﬂllﬂiwﬂﬂ’]uslu

v <
TaglFue TuauuUY

Y 3

mﬂmsmam%’wmu 92911715 NAa09 1aen15U5 VT IAUINY Lﬁﬁ]\ﬁﬂﬂwaiﬁlﬂﬁ

A I @ ng

a é’ 9 Y a A v A b a o [ o
INAVUVNAU INANLIIAUNAIFTAN 4.5 ﬂjtﬂﬂa@] ANUU %$‘VITﬂﬁ‘ﬂﬂﬁ’ﬂ\ﬂﬂﬂﬂﬁﬂiﬂuﬂﬂu

Q
Y

2 o g’/ @ 2 1 4 9 o a 14 a 4
MUY 2 a9 TasdSumiuasias 500 Tnad 2z lduseau s nlaliad uaz 5.5 nlaliaa
A ~ Aa Ayy v 2 ' o ad A
ioudasnmsfseuiisunsmmananaramni ldasevulugdunuvesnisasdanInsanse

Y
uaTnadnlu Taoldnue Tuauuudy dwaaslugl 4.14

o Y A v A 4 A 1 o Ay éf
I@]ﬂﬂﬂ’iu{ﬂﬁlfﬂ Vd(HPP) o Ll’i\‘]ﬂuﬂﬁﬂfﬁ%ﬂlmmiaﬁ%18111/1ﬂi%uﬁ@]iﬂuiﬂ@ugﬂﬂﬁﬂﬂﬂlu

v A 4 4 1 @
Vi) A0 15IAUATTIU0UAT09910 111590179909 MATSUSADA

= @ 1 1 A 1 [ A 9 d?
Vi (uppy NO Lliﬂﬂull’l’iﬁﬁiﬂEJGUENLﬂi’éNinEJllV\lﬂi&lﬁﬁi\uLiﬂﬂugﬂﬂﬁiNﬂJu

V. (o) N0 UTIAUNHAII0Y0UAT 09918 115 30UgaU09 MATSUSADA

A a 4 A 1 [ ~ 9 él
Id(HPP) fo ﬂiml’dﬂ’dﬂﬂiﬂEll’eNl,ﬂ‘iE]\‘I"lﬂEJllV\lﬂizl,lﬁﬁiﬁLli\iﬂu’q\iﬂﬁiNeUu

a 4 4 1 [
Tiew, N9 NIELAAATITIVOUATOINIE IWUTIAUGIUDI MATSUSADA



72

850¢

800

bl ol e Vs(HPP)=4.5 kV
| I e L T Vs(HPP)=5 kv
700 Vs(HPP)=5.5 kV

I

Discharge Voltage (V)

650

0.6¢

0.4

*-'#.fr" T

0 sy L ﬂ#"%-‘-—- v Y

Discharge Current (mA)

-0.2°¢ -
-1.24 -123 -122 -121 -12 -119 -118 -1.17 -116 -1.15 -1.14

Time (S) X 10-3

d' v A 4 a s A 9 A [ [ ~

31]7] 4.14 ﬂi']“l/\hliﬂﬂl‘!ﬂﬁslf”li%L!azﬂi%!!ﬁﬂﬁﬂﬂi%Vlllﬂﬁ]WﬂLﬂi@Q%181Wﬂi$!kﬁﬁi\1lli\‘]ﬂuq\‘]ﬂ
9 g ~ [ 1% 1 " ag A F)

AIWUUNTEAULIIAUANG Glugﬂuuu&ummmamaﬂimﬂmmmiﬂﬂmuiu Iﬂﬂ

9 <
1%v2ue TuauuLAY

A A ' o A v L%’ I 1 A A

iosnnasesaie Inszuaasassaugeiaiei flunyuasiiios Allmszasngs

[ v 1 9y
(ripple ) aanaaay Tudrluuni 3 duiuezsihmsnSeueunsinavy serinanmsly

1 1 4’ U [ dl Y L%I d‘ [ d’ 1
UHAIIATE918 I NIzudR T WA UgINa 19y (317 4.15) Auasesne linszudas
1IIAU qummimﬁm ( Continuous High Voltage DC Power Supply ) ¥93 MATSUSADA 9

H Y ] 1

naneldaezd 4.15 vazuaasmsiulTeuifouuseauarndiaanseausudunleyly

ﬂiz‘]J’Jl!ﬂ”ISﬁ%INWQWﬁM”I AIA519N 4.1



73

M1 4.1 MINUAAINIDIUTIAUTNANA TN 3 153aU TABITUIINAUS HAUUDITIAUN

o Y a 1T adgd A Y 9!3’/ <
mldnanarauivesnsaeaan Insarissun Inaaiulu Iaslaae Tuauuuiy

i s 9
UAZINUATIAL 500 Taaéf YN DILLHANY

Vs( HPP) Vd( HPP) Id( HPP) Vs( CM ) Vd( CM) Id( CM)
a 4 4 a 4 4
(lalan) ( Taad) (mA) ( Mallan) ( Taad) (mA)
4.5 688 0.018 4.5 712 0.016
5 752 0.163 5 784 0.018
5.5 744 0.218 5.5 824 0.020
900
b
(<) n | |
o AL [l (T omlllbon M| - —
2 gop[T R Ty e S VsCM)=4.5kv [
g W\HHHH [N e e e HWW L1011 e MR B VS(CM):S kV
() o —
S 700 Mumpesyyomiopsyiopueoygypigoogdoy VS(CM)3=S5KV |y
5
a
600
0.2
<
E
g o1
5
8]
% 0 “ m IO A m (A T hHHHHHHH\HHHH‘ I
3 LS ! T - | i
g 0 T O I N DT WWMMN“
S ORI L
a %
_0. 1 r r r
6.4 6.2 -6 5.8
Time (s) X 10-3

d' v Aa 4 a s Ay Y A 1 @
qil‘].l‘ﬂ 4.15 ﬂ51V\|Lli\1ﬂuﬂ’ﬁ‘]ﬂim!ﬁ%ﬂi%!tﬁﬂ’ﬁGb"lii]‘ﬂulﬂiﬂﬂlﬂi’f]ﬂﬂ'lfl]lwﬂi%uﬁ@]iﬂlli\?ﬂu’g\?

4 19 [ 1 | =~
Y99 MATSUSADA fiszautssauaee TugilnuuvesmsaedanInsansona Ina

) v & <
aululaeslsve Tuauuay



74

__ 900

2

% 850 m—\/5(HPP)=4.5 kV |[

S 800 I | | S —"I VS(HPR=S kv

> L R 1 IR T | (i | H” T \M H‘HH‘H\;HW T [T | VS(HPP)=5.5 kV

% 750 Wi T iy i Vs(CM)=4.5kV |I

E w\uwumuwwm\mmmmmhmmﬂwﬂﬂw\mHMWWm\h\}’lh}HﬂHMWu\ W}HH\\HHHHWWMWWWW%\ A Vs (CM)_S KV

S 700 _ -

_(DQ Vs(CM)=55kV ]
650 S —

<

E 04

€

)

E 0.2 jpumniritn — :

O HF-F' E‘ ”"hH‘i‘"‘ 1-:‘1‘.-._*.._- a o Fh"ﬂ

GEJ’ 0k 5 ; 5 "l | | I

I

Ny

2

a 02

-1.24 -123 -122 -121 -12 -119 -1.18 -1.17 -1.16 -1.15 -1.14
Time (s) x10'3

d' v Aa 4 a ¢ A 9 A 1 1Y)
31J°n 4.16 ﬂi"l“l/\h!,i\‘]ﬂuﬂﬁslf”li%Lmzﬂizuﬁ'ﬂﬁG]ﬂii]“ﬂllﬂmﬂ!,ﬂiﬂﬂmﬂlh\lﬂizuﬁﬂiﬁlliﬂﬂut:ﬁ

A Y dg! = [ A 1 [
VlﬁiNéUulﬂJ%fJ‘]JL‘I/IfJ’lJﬂ‘ULﬂii’J\iﬁnﬂ"l,wﬂi%klﬁﬁiﬂl!iﬂﬂuq\iﬂlﬂﬁ MATSUSADA

D

(2 @ 1

1T ad A Y 9
Nszavuseaunen lugdunuvesmsaodian Insavsoun Inaaiulu Tagldy

<3
1o THALL VIV

~ ~ < Y A 1 @ A 9
ﬂiﬂqﬁl‘lh/l 4.14,4.15 uazgﬂ‘n 4.16 fazmu"lmwmﬁmma"lﬂmmuqqﬂﬁmﬁmwaﬁw

é! o

Yu AR5 09918 1915 IAUFINTZUAATIVEI MATSUSADA ansaasunarau lanseau

UFIAUSUNANTIUIAUTIAUNINY

"\ ad A ) v <
4.2.2 Msaodan Insarsoun Inaauuen Iaelaviue Tuauuiay

( Dielectric Barrier Discharge , DBD )

v
a o

1T ad o
miﬁ%lwwmﬁmqmﬁnnm IﬂElﬂ'li@]'f)ﬂlﬁﬂiﬂiﬂﬁ%ﬂuﬂjﬂﬂgﬁuu@ﬂ %$‘I/nﬂ'liﬁﬂ‘]5ﬂ

U
2 &

' a o { o a Y ; I o
GH'J\‘]ﬂWiLﬂﬂﬁWWﬁ'lﬁiJ'lﬁﬁ%j%‘]“Uu mmwammwmﬂmﬂuwaamm’; G?qgﬂumwmam
Ao = Y v W 1 a3 @ = Y
YU "lmemmu l!ﬁ$ﬁ"lll'liﬂﬁllNﬁ'uléﬁﬂﬂlllllﬂu’t]uﬂiWﬂ FINTTINAADN ﬁ]$'€)'€)ﬂl!‘U'UGl,W
a ° ' v @ Y 9/?;’/ < A ' ' = o
NARINATTUT WIBDNUT uagfmwa”l@ IQEJGI,GI)"’U'JL!'EJIH@]L!U‘]JL"UMWi’E]“VI’E]ﬁ'LmuLaﬁ LBUIRYINY

A 1 ¥ aa a ¥ A 2 o ' v
N1ITNAADIN 4.2.1 LW]%$1W”U’J@L€1ﬂI‘I/Ii@]‘Hi’é)"ll’JL!ﬂI‘I/I@]‘I/]L‘]J'LJ‘I/Iﬂﬂl!ﬂﬂwuﬂgiﬂﬂu@ﬂﬂa@ﬂl,l,ﬂ’J



75

1 { o ] Y < v W 1
IﬂEli&’ﬂ&’ﬂl@ﬂﬂ@ﬂ@ﬂllﬂﬂﬁwuﬂgﬂ'IEI“Ll’é)ﬂ“ri"ﬂf)ﬂllfn Lﬂuszmmﬁﬂmuﬂuﬂmﬂm auauin
~ 1 Y o
anegmelunasauni aaaaaluzil 4.17

x5 ™
S, 7
d' t4 Y 4 T adg A
31]7] 4.17 Qﬂﬂimltﬁggﬂllﬂﬂﬂ1§ﬁ51ﬂf2ﬂﬂﬁmﬂ’]ﬁ‘ﬂﬂa@ﬂllﬂ‘ﬂﬂ’]ﬁﬂ@@!aﬂjﬂﬁﬂﬂﬁﬂ

Y v <
unInaauven Taslavue Tuauuinay

R = 900kQ & SRr-as

= H.V. Probe
FW I idudunumasd
H.v.DC v H weudidansa
Power @ =
Supply ° D uasauda
fﬁ e
& @ e
i pes
- R= 22Q _
Oscilloscope

d' [ o 9 1T adg A
E‘I.I‘Vl 4.18 1@63Ll,ﬂfl'ilﬂ'lfiﬁE]Qﬂﬂimﬂ'liﬁfiNWﬁ'lﬁlﬂuﬂﬂﬂ1i@]’ﬁ]®mﬂ1ﬂiﬂ1’iiﬁ]uﬂiﬂﬂ

P v & <
auven laglsviue Tuauuinaw

A v o 9 ' o 9 a P v & ~ o
woldusdu i Tvarudadruniu 900 nlaTesiy wvaue TuanusduvuIa
a 4 Y o [ a v =1 [ Y a = [ a
g nlaTaad uazliionsinis lvaveuna s ansaou1n sz ldinanaran #usadu 8 nla
o’dy I v Ao A A o Y a A Ao T 4
Traal iuussaundinganimlimnanaiaunngangia luzluvvveanisaeginsainis
Y e I\ a g A v v <
afadmaraviuunisaesan Insavseun Inaaiuuen laglavne Iuauuudy Tagnis



76

1 [ [ a 1 1 < 1 1 4
Uavoussauund s aﬂﬁﬂﬂlﬂﬁ ll ‘Hamuwaamww‘%ammmummmm%’umug{uanmq
Aa A . ] ) 1 4 Aa A v ad
1.2 Haalung @mgmﬂﬁluwaemmmmmﬁ'umuﬂuaﬂmq 5 Uaalung Lmzwuemﬂimw%

g’/ Yy = v v I Y R o A Y o ~
mu@TmMmzm‘ummﬂuﬂmﬂmmsfluwaemm %QﬁWW@']ﬁiJTVIVlﬂ LLﬁﬂ\‘]ﬂﬂgﬂ‘ﬂ 4.19

v <
Taelsvaue Tuauuuay

o

mﬂmimaawﬁlnﬁju wimimsnaasdlaensUsuuseauiy esnnnaiauii
A

]
= a

A J o gJ/ [ [ @
Mgean 8 nlaliad Ay 9msnaaed lagnsUsuusaau

a X2 9 9 a A

MAYUIIIAY NANUTIAUN

A 2’, v A3 a % ' < A

MNTIUIY 2 A58 Tagalsuiunssas 1 nlaliad ( 1asa1991An1INAG0d N 4.2.1 119991NM3

L ag 4 Y 3 3 Yqy o A a 0 q.¥

avotan Insansoua Inaaulu Tagldaaue Tuaunudy s ldussaungannnulyl szl

él a Y =& o 9 Aa 4 9 1 [ " ad A

nIZUANINIY HaziAanNuiou unliinamseinla uamsaonuumsasdian Tnsanio
D v 3 : & A = Yy & d o ¥ =y

uaInadiuuen Tagldvaue Tuauuuuiy esainivasaun I URUIUAY AU 39009
v A 1 o a 14 a s A

ldussdununndn) azldussdu o Alallad uaz 10 nlaliad WsuaainsuFeumsunsiv

A ~ 3 1T a g
mamanatan i ldaiwvulugluuuvesnisaedianInsavioun Inadiuuen Tagldy

g < & Y v
GU'JLL@IH@LHJ'UL"UN Gﬁ\?llﬁ@\?q@ﬂ\igﬂ 4.20



77

o Y A v A 14 A 1 [ A Y dy

Tagmnuald V) A0 15IAUAATITIV0UAT09910 TYINTZUAATITIRUGINAT 19T
v A J 4 1 @

vy 1B UTIAUATISIVOUATOID18 11115930 UF VDI MATSUSADA

A v A A 1 [ A 9 dy
s(upp) 11O Lljﬂﬂullfﬁaﬂmﬂﬂlﬂﬂlﬂﬁ@\imelIV‘lﬂiZLLﬁﬂiﬂlliﬂﬂut;fﬂ“lflﬁiﬁsllu

< < <

Covy N9 UTIAUUNEINIBVOUATO9918 TW115 90U GBI MATSUSADA
A a P A ' o A 9 X
L ueey N0 NIZUAAATITIVOUATOINIG IWNTZUART IS IAUGINAT 19U

Tycon, AONIZUARATITVVOUATOI8 19590 Ug09 MATSUSADA

S 5000
(O]
(@]
8
S 4000 -
> T T R T Vs(HPP)=8 kv
S ‘ i i Vs(HPP)=9 kV |
%ﬁ e VS(HPP)=10 KV i
2 3
a ‘

2000 £
04
<
£ 03
5
£ 02
3
O
o 0.1
a WWM% WWWH“ “““ Il I
< o A L wmﬂ“““““mm““# Wi i mm‘r
3 0 %mmwm%w J ! m - ”W@WWMWM ’MWW
[ i

-0.1 r

-3.5 -3.4 -3.3 -3.2 -3.1 -3 -2.9
Time (s) %10

d' v Aa 4 a ¢ A Y A 1 1Y)
gﬂﬂ 4.20 ﬂi”l‘l/\lLLix‘lﬂUﬂﬁﬂﬂiﬁ]LLaZﬂi%uﬁﬂﬁclﬂiiWIllﬂ%Wﬂlﬂiﬂﬂ%Wﬂllv\lﬂigllﬁ@]iﬁlliﬁﬂuZJQ

[
= [

Ay é] o 1 " ad A FY
NATWUUNTEAULUITIAUANG Gl,ugﬂL!‘]J‘]J"II’ENﬂ'l‘iﬁ'é]ﬂlﬁﬂiﬂiﬂﬁi@uﬂiﬂﬂ@'luu@ﬂ

v o
Tae e Tuauuy

4 v X

A A ' o I A .
HeennaTesne llnseuanswseauganadevu duuuuwad ( Pulse High

QU
I
A

o 1 ad
Voltage DC Power Supply ) 482910N1TNAADY Lll@ﬂ?ﬂTiﬁ%TQWﬁTﬁNTLLUUﬂTi@@@Laﬂi‘ﬂiﬂ
A Y v S o A o
mmmi‘n@muuaﬂ TﬂElclfmnuﬂTummmﬁuuﬂmﬂimﬁ]”lﬂ‘i/\lﬂi%ﬂﬁﬁiﬂtﬁﬂﬂl!@dEIJ’eN
2 3 1 4 ]
MATSUSADA Sailuunuaeiiiod ( Continuous High Voltage DC Power Supply ) lsignsa

oY v ¥ = o ¥y & o A 9 Aq v
‘V]"I]lﬂ AU @]"Ii"l\‘ll!ﬁﬂ\‘lﬂ"lﬁL‘]_r%fl'].lﬁ/]fl'].lllﬁ\?ﬂlﬂﬂl"ll"l@]\iLL@]LL?Q@UL?N@]umiGBGlUﬂﬁg‘]JfJuﬂTi



78

) v " ad A P v 2
a3 naau veamMsasnaaNUUMIA0IAN INTarsaua Inamuuen Iag e Tua

<3 Yo A
UYYLVY llﬁﬂqvlﬂﬂ\i@]1ﬁ1\1ﬂ 4.2

M99 4.2 MINUFAAIAIDITIAUNDANATTT 3 159U TABTUIINAUS HAUUDIUTIAUN
o Y a 1T ad A k) 9 3’1
mildnanaauivesnsasd@n Insansoua Inasiuuen lag e Tuauuy

<3 A @ ¥ o L
VY LAZINULLINAUATIDS 1,000 Igaﬁ VDINIFADILNANDY

Viurr) Vacuer) Licuer) Viem) Vacem) Liem)
(flalaas)  (dlalaan) (mA) ( dlalad)  ( Than) (mA)
8 2.88 0.01818
9 3.36 0.03636 Tdanseadald
10 3.60 0.05450

A < 1 A 1 [ A Y ]

AMNATTNNN 4.2 ISIHUN msmm&”lﬂmmﬁmmm@ugq g0 MATSUSADA l'IJJ
Y v 4 a a ! ' { g )
’L’f'liJ'lﬁﬂﬁi'l\‘lWﬁ'lﬁiJ'lhlﬂlaﬂ Lﬁﬁ]\ﬁ]'lﬂﬂigﬁﬂﬁﬂ'lwellﬂﬂlﬂéﬂﬁi]'lﬂhlw ﬁmﬂawm"l%ammu”l’a
= A =~ 1 AR~ o =R 1 Y a Aad A A
UATTSADNAAUINYILLA 5 Lﬂ@ﬁlcﬁu@ i]\?ﬁ\iﬂﬁiﬂﬂ'lﬂﬂﬂWﬁTﬁiJ'l Llﬂﬂﬂalaﬂiﬂiﬂﬂiﬁ]uﬂiﬂﬂ%
@gj@aﬁuuﬂﬂuu Ulllm@‘WﬁTﬁiﬂ LmLﬂi'ﬁNi]'lfllrh/\lV‘IWﬂi“’Llﬁ@]i\?Llﬁ\?@uﬁﬂﬂﬁi?ﬁﬂluuuuﬂ’li”aﬂﬂ
ﬂﬁu 10 Lﬂ’f]'il“]fuﬁ FIT?!' ﬁﬂﬂﬂau 10 Lﬂ@il%uﬁﬂlﬂﬂﬂluuuﬁﬁWai'ﬂlﬂﬂWﬁTﬁN'ﬂﬂVﬁ 2A1

HIIAUAINT VAU

1T ad A Y 9/?2’/
4.2.3 ﬂ'li@]’f]’f]l,ﬁﬂjﬂﬁﬂﬁiﬂllﬂjﬂﬂ@'luu@ﬂ TﬂEJEI,GHGU'JLLEJI‘L!ﬂL!’U’Uﬁ’J@‘W@QLL@Q
( Dielectric Barrier Discharge , DBD )
9 o Ao 1T ad A Y Y
ﬂ1§t’f§'Nﬁ1Wﬁ'lﬁiJ1Qﬂ!Wﬂ"3Jﬁ'l I@ﬂﬂ?i@]ﬂﬂlﬁﬂiﬂiﬂﬂiﬂllﬂ}ﬂ@ﬂ1uu@ﬂ Tﬂﬂﬁlﬂf
g o o =2 ' a o AN Y Y é’ Y
GU'JLLE]IU@LLUUﬁ'J@VIENLL@Q %Tﬂ1ﬂ'liﬁﬂ‘]sJ'lGIf'NﬂWiLﬂﬂﬁ?WﬁWﬁN?ﬂllﬂﬁfﬂxﬁlu maiuwaamm’g
1 [ Aa I o Ao ] v W
Llﬁzw\‘]’(;fﬂiifl'lﬂ1ﬁﬂ1ﬂuf]ﬂ mmﬂumwmﬁmqmwgum “luﬁmm%’@u HagaIUNITDaUNT @91}
1 a3 [ % o 1 v W
Tﬂﬂ"lmﬂuaumw c?);\ﬁl”I'ﬂ'ﬂ”li‘lflﬁf'ﬂfﬂ’EN %Sﬂﬂﬂllﬂﬂiﬁ}a”lwa”lﬁﬂ”l wqaaﬂmmﬂuaﬂuazﬁuwa"lﬁ'
v ¥ & v ad a Yo & g o
T@ﬂ“l,wmaiumﬂumﬂmmm LL@S’;WU@L@ﬂIﬂiﬂﬁi@ﬂl’JLLﬂIVIﬂVILﬂ‘LAVI@QLLﬂQW‘LA@Qi@U‘H@ﬂ
Yy & VA W Yy 9 v A & A
UADALNI FINTINITNAADIUVULAYINDY 4.2.2 VINAU T%“lwﬂmamwammmﬂumuaiuw

A o 19

agamlu aglusznumernuiunenewmsiiuegdiunen aadaslugil 4.21

U



Y v
uaInamuuen Iaglyvue Tuauuualaneauad.

Argon Gas

R = 900kQ ¢

I = H.V. Probe
H.V.DC
Power
Supply

Ty

wisnasuay

wasauda

i
¢
O wudidainse

Oscilloscope

d' 1 t4 9 1T ad A
‘i‘IJ‘VI 4.22 "lﬂi’)gllﬂillﬂ']i@l’E]Q‘]Jﬂiil!ﬂ']iﬁi'NWﬁ'lﬁiJ'lu‘U‘Uﬂ'li@l't’]i’)mﬂi‘i’liﬂﬁiﬂuﬂiﬂﬂ

Y v
auuen laglaviue Tuauuualanoaad

79



&0

A v o 9 ! o Y a P y 2 ~ o
o ldusadu i Tvarudadruniu 900 AlaTeyin e TuanusIsuyUIa
a 4 Y o [ a J = ) 9 a = [
5.8 nlallaa uazleonsins lvavena 10 aasaern sz linanalau) Fassey 5.8
A o2 g v A5 4 doaya 4 b A 5 uy
nlalaail iWuuseauidingaivi lvinanaranngumgiidnamnsoveuduld Tugduuy
" ag A v v '
Y9IN15A00IaN Insanseua Inaai1uusn laglyviue Iuauuualanedund lagnislase
Y] 9 a 1 =1 ] 9 9 1 o Aa A = =
UIIAULAT 10 AATAOUIN THarIUHaDALN VAT UHIUFUINA19 0.625 HaAINAT F91)
[ 9}3/ a g A 3/ A d o ]
adaneauadegnislu nazazInvivian Insansevina Inaniluneuaiusgsouuen
WaoALR 1noTzozypINeNoIAINNUBENIBUDNADALAD DENTZEZATINIIVDIULIA

A Yy KX o Ay v o
ammmmmgmaiuwa@ﬂum “INﬁ'lWEﬂﬁiﬂT]llﬂ Llﬁﬂﬂﬂ\igﬂ 4.23

~ o Ay v i\ ad A ) v
i 4.23 dmatauin ldanmseeddn Insandoua Inaaiuuen Taegldius Tuauuy

AIANDILAN

i]1ﬂﬂ1i1/l@ﬁf]\1"ﬁ}1\1ﬁ}u wmmsnaaes lagmsUsSuusaunw Lﬁfl\ﬁﬂﬂWﬁH’fiﬂ‘ﬁ

9 v '
a K 9 9 a A v A

o A a s o & o o o
INAVUVWAU INANUITIAUNAITAN 5.8 ﬂiaijaﬁ ANUU ﬂg‘ﬂ'lﬂ'li‘ﬂﬂaf]\‘ljﬂflﬂ'liﬂiﬂlli\iﬂu

Y v
[ 3 4

MUTIUIU 2 A5 TaglSumuasiay 400 Thad @It UNTal 4.2.2 B39z lauseau 6.2
a 4 A PR - ~ ' P
nlaTqad ua 6.6 nlalliad ouaaansiFeuwieunivinmsmnanaraunlaadevulu
'V ad A ) v o
suuuveImsaed@nInsarsoua Inadiuuon Taglsuane TuanuDaIANDIAY AILAA

Tuz1l 4.24



&1

o Y A v A 14 A 1 [ A Y dy

Tagmnuald V) A0 15IAUAATITIV0UAT09910 TYINTZUAATITIRUGINAT 19T
v A J 4 1 @

vy 1B UTIAUATISIVOUATOID18 11115930 UF VDI MATSUSADA

A v A A 1 [ A 9 dy
s(upp) 11O mmmmmmﬂmmmimma"lﬂmmmmqujmuqmﬁﬁwu

< < <

Covy N9 UTIAUUNEINIBVOUATO9918 TW115 90U GBI MATSUSADA
A a P A ' o 4 9 X
L ueey N0 NIZUAAATITIVOUATOINIG IWNTZUART IS IAUGINAT 19U

Tycon, AONIZUARATITVVOUATOI8 19590 Ug09 MATSUSADA

4000

3000

AL AN LA AL AN

" R

Vs(HPP)=5.8 kV |l

WA IIII\IIIIIII e HIIII\|IIIIIIIIHI MM — Vs(HPP)=6.2 kV
| hwnuh|\|||n|||||‘m|||\||||n|||||‘||||mmmnmlun||mn|mm|||\||||w| n|u|||\|||||||n||\|||n||||n||||m|||n||||wm|||1|||m|.uumumn I (HPP)

Vs(HPP)=6.6 kV

Discharge Voltage (V)

1000

0.08

0.06

0.04

TR T T mmszz\zsszMwmmwummwsszsc I

Discharge Current (mA)

Time (s)

d' v A 14 a ¢ A 9 A 1 Y]
gﬂﬂ 4.24 ﬂi”l‘l/\h!ix‘lﬂuﬂﬁﬁlfﬁfﬂuﬁgﬂi$Llﬁﬂﬁﬁlﬂii]‘l’lulﬂmﬂlﬂi@ﬁ%”IfJulWﬂigLLﬁ@]i\‘]ui\‘lﬂuq\‘]
A 9 ag A [ o 1 " adg A k)
NAITWUUNITEAULUITIAUANG GL“LJE‘]JLL‘U‘UGIJ?Nﬂﬁ@]i’]ﬂlﬁﬂiﬂiﬂﬁi@tlﬂiﬂﬂﬂ?ﬂﬂﬂﬂ

v 2
TaglFuaue TuauuuaIAND LAY

A A 1 o A 9 dy I 1 A .
Lu@ﬂﬁ]"lﬂlﬂii’Nﬁ]"IEJ]l‘V‘Iﬂﬁ%uﬁ@]iﬂuiﬂﬂuq@ﬂﬁiﬁﬂ]u Wuuyyaeies ( Continuous
. [ % g’/ o =~ d' a 49! 1 9
High Voltage DC Power Supply ) A3UU wwihmsfSeumeunsiiimnavy serneams s
A A ' o A 9 2 Ag A . .
Llﬁa\‘ﬁnﬂlﬂi’E]\‘]’iﬂflul,"ll‘lﬂi&tﬁ@]i\mﬁ\?ﬂuq\‘]ﬂﬁi'l\‘]"lluﬂlﬂullﬂﬂﬁﬁlu@\? ( Continuous High
ﬁl QI d‘ 1 U 1 d‘
Voltage DC Power Supply ) ( 37 4.24 ) nunsee91e Ivlnszudasaussqugaunuaeniio

( Continuous High Voltage DC Power Supply ) 494 MATSUSADA &auaas Iansgili 4.25 uag



82

~ o v ¥ o A 9 Hq v Y} o
L!,’c’fmmﬁw,lﬁ'EJ‘UWIEJ“]JLLNﬂuGlnLGlnmLmLL'Nﬂmﬁmum“lﬂfcluﬂiz‘mumi’diwwm’dm N

A
AT NN 4.3

M99 4.3 MINUFAAIAIDITIAUNDANATTT 3 159U TABTUIINAUS HAUUDIUTIAUN
o Y a T ad A Y 9 gl.l
mildnanaiauivesnsasom@n Insarsoun Inaaiuuen laglsuiue Tuauuy

v Y Y
AIANDIULAN LASINUAIIAS 400 I’Jﬂﬁ} VDI DILHANY

VS( HPP) Vd( HPP) IS( HPP) Vs( CM ) Vﬂ( CM ) IS( CM )
(alas)  (dlallas) (mA) ( plalaas) ( dlallan) (mA)
5.8 1.4 0.018
6.2 1.8 0.025 10.2 5.8 0.018
6.6 2.2 0.03636
7500
S 7000
2 6500 ‘( Vs(CM)=10.2 kV |
% 6000 WUHWWWY’&MNWW’Wwlﬂmwwmmymﬂ[mlﬂ\wmﬂmWWHUWW[WWMWWWWWWW I MMWWHlﬁm&mﬂm‘ﬂmﬂmﬂ{mﬂq\ﬂwMWWWH
S
g 5500
E
2 5000
4500
- 0.06
E
S 0.04
S
(@]
© 0.02
5
@
a 0 | | | | | |
d d d d d d
35 3.4 3.3 3.2 3.1 3 2.9
Time (s) x 10

d' L= 14 ~ P 9 A 1 )
51 4.25 nalussdudamssuaznszuafanianlfannsesnis lnszuansassaugs
{ o @ 1 " ad
Y09 MATSUSADA Nszaunsaauaiee Tugilunuveanisasdan InsanseunIng

v v
auuen laglsve TuauuuaIanedag



&3

S 8000
(]
z_g? 7000, [ Vs(HPP)=5.8KV |.
i I mmumummmmwﬂﬂﬂﬂmnumnmmmm MHUJUMHH WIJU} UJHWHMJWU ﬂﬂ Iy M mmwnmw oy —— Vs(HPP)=6.2 kV il
2 5000 MWMWW WMM T |||\|||n||\|n|m||lu NS VS(HPP)=6.6 KV |
5 A 0 A T Vs(CM)=10.2 kV |i
2
8 5000
E 0.06
g 0.04
s | 1
3 o \H : | | . MH nm
NS M;ww‘w‘”m ) 0
(&)
2
& L ) i

-7 -6.5 -6 -5.5 5 -4.5 -4

Time (s) X 10-5

31t 4.26 namlussfuRamsouaznszuadamianldnnmsests Inszuaaswseiug
194 MATSUSADA fisgauusadums Tugtuuuvesmsdedidn InsansounIna

v v
auven laglsuiue TuauuuaIANoILLAg

~ ~ < 1 A ' % A 9y
iﬂﬂgﬂ‘ﬂ 4.24,4.25 uazgﬂﬂ 4.26 ISIUUN Lﬂi’EN%'IEJIIV\ILL?QQHQQﬂiZLLﬁ@iQWﬁiWQ

X &
U

2 A A @ A J 3 s A A [ A U o
HYIUATTISADNAAUUBDILIIAUVIDDNN 10 L‘]Jf]‘il‘;]f‘u@] l,ll’fllfI/]UlIﬂ‘]Jlﬂi@\ﬁ]'lﬂulwlliﬁﬂu’gfﬁ
A A Y P~ J J '
NITUANTIVDI MATSUSADA NUNATELADNAAUUDILITIAUVIODNN 5 L‘]J@‘il“]fu@] 1NATISADN

y @ ' 2 ' a ] < A a ' 4 @
ﬂﬁumﬂm’gu ’tff\‘]Wa15]’E]ﬂ’liLﬂﬂWﬁTaMWﬂUWQLWuqﬁWQQT mimﬂﬂWizaaﬂﬂﬁummmmum

g’/ 1 a ~ A 1 [ A 9 ,3 9
DONUU FINAADNITINANAITNT ITINATTINN 4.3 mimmﬂ‘lwmmumﬂimamwﬁﬂwuh

UTIAUG A ‘L!d N s.8 ﬂIﬁI’JﬁGl Lmlﬂ‘i@ﬁ%ﬁluhl\llliﬁﬂuﬁﬁﬂ‘i“‘t!ﬁ@]iﬁl@ﬁ MATSUSADA Glflf

A g A KX o

UFIAUITUAUN 10.2 ﬂIﬁI’JﬁGl ﬁQﬁUﬂ1§$'€1’Oﬂﬂau‘ﬂLﬂﬂ"lll!“l/]ﬂ‘ﬁlﬂﬂWﬁWﬁiﬂllﬂxﬂEl HazIY

U3 UNToen M



=
unns

asudwamsnaaea

Y
Tuynilagnanagilwanisdnyl Mseenuuy MIasIe LAz NATOUANTTOUZ VA
nsee9e lihnszuaaswssaugeadmsumsadianaraun uazdorauouuzdmiumsi

Fwedeluowaa edlunuamalumswanuazilszgnd ¥ Tlseansamas 11

5.1 agiwa
a0 X Y o Y 4 T o 9| Y
5.1.1 (Adeil lavihimsesnuuutazadunsesnsnsiau llihnszudaswssdugaving
=2 a Jq Yo @ 9 J Y a ax
104 15 nlaTad lgnuuseduuniinszsuansvuna 26 17aa laglymaiiaisnisaiunu

(%% v

daanuwadadaraussau Tihusesudasdurasuuauuumiuszaunsaau I Tagii

e

wioudaslvlilwlareunaves BSC ju 23-No107 idonldaindaaungs winesueaia

J ]
1107 IRFP460 ﬁﬁmaﬂizmawa”lu%mauimame%mﬁ AT8ICS2 LIz aaINaLiuy
d‘d (Y é 9 d’ 1 1Y Y 1Y d‘ Y
LCD NUvUIA 16X2 AI0NHT "“]NIﬂﬁ\iﬁﬁ?\‘iﬂlﬂ\ﬂﬂﬁ@ﬁ%Tﬂﬂullv\IV‘IWﬂﬁgllﬁﬂﬁﬂLli\iﬂuq\iﬂﬁﬁﬂ

3 1 U Q) 90’ v a U X
éﬁuﬁmumm (ﬂ’sj'NXfJ'an\‘i) NN 32x48%15 LEUAATUIND 8.6 N lan5w “?Qfl"lliﬂﬂllﬁ%

9 ]
o v A

iminiiles azadnaenisiin ll1dau
[Y] o 4 % 4 1 [
5.1.2 HANINATOUAVTIOUL VNI A NdyaawadlTouieununsosnedyn
HAEANND (Function Generator)
5.1.2.1 wamanagoumstSuseumsau aunsaliuseumsiauldingads oo
J 4 [ % = 4 [ o a o
Lﬂ@il,clium Iﬂﬂﬂ’lﬂﬂmﬁﬂ‘ﬂm$6\lﬂﬂ@3]‘1@% U897 TL494 ﬂ’]ﬁﬂillﬁ'f)llﬂ’liT]WQWHLﬂﬂ%’]ﬂﬂ’liﬂ5'1J
J [ d' = Y1 [ 9 a d' = 1w d' 1 [
ANLINAUNYT 3 Gll@\‘lvlf]“]fiﬂt’lﬁlélfﬂ'll!i\iﬂuﬂ'lﬂ@\TVI"U'I 14 Y9IINVT mt’rummmmmm&ﬁtyﬂﬁm
A o o Y A s d I 1w
Ll,azﬂ’nmaﬂmmmﬂimﬂumimﬁmhlmnm/l’ejﬂ 90 Lﬂ’e‘)imummﬂu
@ A a o o o LA
5.1.2.2 Wﬁﬂ’liﬂﬂﬁ@ﬂﬂ’liﬂiUﬂ'ﬁ’liJﬂGluﬂ'liﬁ'J@{’lﬁU@\‘lﬁﬂﬂi Ni}‘iﬁ%’NﬁﬂJmﬂmwaﬁw
9 dy Y] ~ Y 1 a a d = a a o 1 o
ﬁ'i’l\?GUuﬁ"lll'liﬂﬂﬁUi@‘Uﬂ'J’lllﬂulﬂGlu"]f'N 10 ﬂIaLai@]GB N 110 ﬂiﬁlﬂi@lcﬁ UaUIuINagoU

=t o A 9 @ A 1 a a o = a a 4 v g
L‘le‘iEJ‘UL‘VIﬂﬂﬂﬂlﬂiﬂﬂﬁi']ﬂﬁigﬂlu']ﬂ!Llﬁ$ﬂ31ﬂﬂ GI,UGI)"N 20 ﬂIaLai@]GB 03 50 ﬂi'ﬁlﬁiﬁc}f MUU

A ' ' A a A ¢ =< a a P A4 o Y}
1199110910 1UBIAND 20 A 1AEIAY D9 50 0 ladsas Wuanuaniulsaulules



&5

A o

o o s a 2 1 1w 1
a¥udnanuwad nwamafSeuiioy dygruWadMinaTuINAUNIAUYNTINVDINS
nagaoy
A o A ! o by o
5.1.3 NﬁﬂTﬁﬂﬂﬁﬂUﬁﬂJﬁﬁﬂugﬂllﬁﬂﬂusll']ﬂﬂﬂsllﬂﬂlﬂﬁﬂﬂEmel,Li\?ﬂquWWﬂﬁgllﬁﬁiﬂlliﬂﬂu
A 9 E A J Y 9/, o S 9
Q’\‘]Wﬁﬁ'l\‘]élluﬂﬂlﬂﬁ@\?%'lfJL!ﬁQﬂuulV‘IWWﬂﬁ%LlﬁﬁﬁQL!ﬁﬂﬂuq\‘] 8110 MATSUSADA
A (% A o o a 4 a o
5.1.3. 1 HaNMITNATDUNUIIAUVIDDNNTEAVLINIAU 5 ﬂIaI'J'GWI, 10 ﬂIﬁI’JﬁWI Iuas 15
a 4 Y~ 1 A 1 @ Y, [ ~ 9 g = A
ﬂIaI’Jaﬁ LLET@QTHL‘H‘L!'ﬂmﬁ’ENﬁ]1EJLL§\1ﬂuhlww1ﬂ5zllﬁﬁiﬂuiﬂﬂuq\iﬂﬁﬁﬁﬂlu UA1TITLaDNNaY
o s 3 o w v A . o 9 o
VDILLTIAU 8, 8.4 LAT 11.06 1Wosigua awaiay LLG’]Lﬂiﬁ]\iﬂ18LL§Qﬂ'll%\l?\hﬂiguﬁ@]iﬂlliﬂﬂu
S 9 A 1 A ~ J 3 J
RRAA MATSUSADA 45ZanAaUINegd 5 wesiyua

' A 9 9 Y = ' A ' @ 9, o
5.1.3.2 mﬂmizaaﬂﬂauﬂm@muﬁﬂﬂwmummaqmmmﬂu‘MWmfszuammwﬂu

Y Y
v A

A oy X Ay A ' o 9 ]
Q‘I/]’L’fi'lﬁluuullﬁhiiE]‘L!3‘VI@]@EJﬂ’Nl,ﬂi’ENiﬂEJLLi\‘IWLJ]l‘V\I‘V\hﬂiguﬁGIiQ 8119 MATSUSADA

&)

=KX A

2 9 { &) v = Y ' a ¢ = ~ s 2 '
Wouantios Fanszaun1s lFauntivua 13 1ug19 1 dlallrad 04 15 nlaliaa duag la
danadeaon13yi 1l 14dau

9 A J Y] 9 ~
5.1.4 wamanaaouaussouzlumsadanarauvounsoadiensadu llihnszuaansan
Y [ ]
advununsosnonsaau lihnsziuanse 90 MATSUSADA
1 a g
5.1.4.1 MInaaeumMIasanatau lagaouuy aran Insanioua Inadiulu Tagly
H <
e TuauUUAY ( Plasma Jet )
Y I VoA o o A a A a 4 o A
NHNANITNAADIAAI I UINNTZAVUTIAUISUINA 7D 4.5 N 12 1I8A IUATLNUNG
o o J a J a ' o v & o a
szavusaaulnag 500 Thad 14 5 Alaliad uag 5.5 nlaliaa awuaiau NSIAUNANaIaN
9 ) Y 1 v
ARDAT LT IAU AulUAg T uTu Iihnsznans s sdugasaounsos M madoy
9 Sld' [y @ (Y
ansaasanaau lanseaunsIdumnu
] 1 ad A Y 9y
5.1.4.2 MINAAUNTA3 1 INaIau1 lagaouul aLan Insarioun Inaaiuuen laegly
9
Y <3
00 TUALUUAY ( Dielectric Barrier Discharge, DBD )
< Yo 1 A ' 9 o A 9 2 2
nawamsnageuiiu ldsainaiosne llihinszuansassdugeias 1wy uiy
d' [ o A ld‘ a 4 a 4 a 4
awnsoadnaran’la lasiszauusaauisudueg s flaliad 9 nlaliad uaz 10 nlaliad
o @ J d' 1 9 v d' Y ~ o =1 3’; ]
aaay uans e Iihnszudasasaug 8o MATSUSADA Miunnfseudiouriu i

Y o w

¥ YR o A ' 9 o Ay A
ﬁ"lll'liﬂﬁﬁ'l\iulﬂ G]NHJ'LJGU’E'JFi]'lﬂﬂ"U’leﬂﬁ’fN’i]'IEIU],V\I"V‘hﬂiMLﬂGIiQLLiQﬂuQ\? 8110 MATSUSADA 0

[

' o A A A a 72 Jdo ANY 1 W (Y Y KR o .q ¥
VNYLINAULUUADLIUDINUATIATIDNAAULNYN 5 Lﬂ@il“ﬁu@] w”l,ﬂﬂan”lﬂﬂnmu G]Nfﬂﬂ‘l/lﬂﬂ

9
TavemsinanarguIiuanas



86

Y 1 adg A Y Y
5.1.4.3 PINAAUNTA 1 INaa v lagaouuy aran Insarseun Inaauuen laglas
Y
1709 TUALUVAIANDILLAY ( Dielectric Barrier Discharge , DBD )
YIS =K 1 o v A a A ' Yy
ANANTNATOULAAI 1T UDIAITLAVUIIAUFTUINANAIANT 1AAI 3918 1T
@ ~ 9 da! A A [ a o a 4 a 4
NITUANTIIIAUGINTTIVY BFUNUTAUVUIA 5.8 D 1a1ad 6.2 N 1alrad 1ag 6.6 1 lalad
o w 1 zﬂl 1 9 [} tﬂ' Y td‘ ) =
Muday a9 linszuanswssauge 8o MATSUSADA MiwuifSeuiiou
9 Y 1 Y] [ o Y [ [ ~ Y] v Al a
oA anaau Uiy uaa 1 avi lAm 9T e AU TIAUAE TLAUUTIAUNGT N
A a 4 Y 3 1 1 A ] 1 o
waneunae 10.2 flalrad uaasldiiunmszaonaduveanrnasiie linszudaswsaauga
A 4 9 X2 2 P v Ay Yo v
VoUATRINAS 19U uanToa e ldauveuwan lanvua 'l
& Yy v Y3 = A ' 9
5.1.5 INMINaaoUNInNATeaY uaaslimudiausiouzvounIosne Inihnssuans
o Ay v 2 4 A A P-4 ) ° 9
useaugan laadevu Iaszasnaaui 10 Wedidua dunsodiuseumsianla awiso

USuanudlumsaded e uazsianunsor ldadanaraun'ld

5.2 Yeyriwazgiassn
o’d' 9 [ (% [ gJ; =\ [ =1 1 d' [
5.2.1 gunsainlglunisdaszauussauiud liisaneasnisnaaes (Heau191091013
g’/ 9 (% [ Ld' v A 4
naaoaulFIzauLsIAuNgIann laliaa
9 v Y| v o o 9 v A Yy 9 9
5.2.2 ANUNIoNveIRBINAReazginIaitlesnudmiudnaaes asinan luudrdredu
1 g’/ @ ] { v A 4 a 1 I~ 4
Nnmsnaassiuldszaunssaungeszaunlaliaa sgmaauiiman Iihsuniuglnsal
] Ia I a J < a ] < 9 a
a19q Tagmwizginssidiannsotndvuiaan uazmaauuiman Wil wiives

(&) 1 a [ 1 { o
1Az o199z dena liinaduaswAoANINIINAB0S

5.3 YDlAUBUUL
A A Y 9 1 1 @ 9
531 matianldlunisesnuuunazadenrassielinszuaasausiuge nindeanis
@ @ 1 9Jo I ~ o { o o {
szaunseau ihganniisuiuizdevhmsnldsuiaguazsimanuiuiinldauvesnde
uilaslasuuameilosnumananszua 1 Tva 1
5.3.2 nsuluaruveasudasiuraeuun JvoarsszTadiomuusaau Tt
@ [ a J ] S ] o a J o [} a [
Tdussdullihanaseuadadiinrgeiuaiy szawwaidadaduemdamaunanisne
9
[ YY) a J o
@orine'ld aaiudadesimadenldadasueaadsldivangay
Y o Y| o o v 9 A g}./ F o v A
5.3.3 logilnsaiflosnunuiudimsudnaae iiosninmsnaassiuldszaunssduings
[ a { 1 o < [ a 4 [
linagum fhawaelinldaueg srsuiludesivae Ilvazidlanos 1101l

o & £ Y] s Y A o Y
innJu%m@ﬂ%qﬂﬂsf,uaum“lumsmammmwammﬂammﬂmmgﬂmm



&7

1PNA15919049

ShuQun Wu, XinPei Lu, Senior Member, IEEE, ZiLan Xiong, and Yuan  Pan “IEEE
TRANSACTIONS ON PLASMA SCIENCE.” VOL. 38, DECEMBER 12, 2010.

“High Voltage Power Supply” , Ammar Ahmed Khan , Muhammad Wasif , Muhammad Sabieh
Anwar

P. Chu, “Plasma-treated biomaterials,” IEEE Trans. Plasma Sci., vol.35,no0. 2, pp. 181-187,
Apr. 2007

M. Laroussi, “Interaction of microwaves with atmospheric-pressure plasmas,” Int. J. Infrared

Millim. Waves, vol. 16, no. 12, pp. 2069— 2083, Dec. 1995.

P

o v a Y a o
d1578 99d2010.(2549) IranssauInihwsage . WuWATIN 3. nganna : giasnsal
YHIING10Y
o 4 ) a N d v a s g’; H
A1 LFAL.(2537) MATALAZNITINIVLIAIATINTIIBIFNNAIY . WUNATIN 1. NFUNNE
- 1pUma ng
= d v a a =~ 4 Aacg A do w a P ~
A3FHY VURY, JANA 5131531A5H.(2550) DANNIBUNANIAL . WUHATIN 6. NFANNE : 7.
Y
CRIEATGN
= = d d A I'd g’/ ~
N335 A52nINeL(2553) Tulnsneulnsame’s MCS-51 wazmsiszgne . WuWATIN 2.
a a J 1
AFUNWA - NUVINMINT FouMIadou AnLIAINTIUATAT an1tiuma TuTaon
WUNAUNIAUNITAAN T
Q‘{ = v Ad d a 4 3’, ~ ==
IAFONT WATTIN.(2553) AuDTIulasneulnsataes MCS-51 . NUWATIN 1. NFUNWA : (AT

4 J

v
ADUN LIDUA ABULBAN

a v v A

a wAa d (%]
Uszau wasdudna.2ss1) Ygiamslulasaeulnsaimes MCS-51 1 Keil C51 aanlng
d a 4 gIJ A a = <3 a 4
a3 . WUNATIN 2. NTIUNNWA ¢ ?J‘L!IL!L’WIW LONINDIINUA
Maniktala, Sanjaya. 2005. Switching power supply design & optimization. New York.
McGraw-Hill
Pressman, Abraham. 2001. Switching power supply design
@ ¢ v A a a ¢ & A Aa ¢ d ¢
ﬂuyjm WATUUN.(2541) !!ﬂﬁﬂ%]ﬂl’lwllﬂﬂﬁiﬂ‘lﬁ - WUNATIN 7. NTUNN - T\'ﬁﬂ’(ffl‘ﬂfumﬁ]‘i
WeIgas o1auIns . aeanssuenaasuniuaia Arnssuliih) . msadamasaeIvih

1Y v d o v A 9| a
NITUHAATIIIA UGV DNaT ﬁ1ﬁiﬂ!ﬂ§ﬁ]\1ﬂﬂﬂ$ﬂ®ulmﬂ‘1w‘Vhﬁl’ﬂﬂ



88




o 4
maruan n gamdeued lulnsnou Insanos

#include <REGX52.H>

#include <stdio.h>

#include <intrins.h>

#define CHO 0x41

#define CH1 0x42

#define CH2 0x43

#define CH3 0x44

// LCD PIN

sbit RS = P270;

sbit RW = P2"1;

sbit En = P2"2;

sbit D1 = P2"4;

sbit D2 = P2/5;

sbit D3 = P276;

sbit D4 = P2/7;

sbit XXSCL = P3"2;

sbit XXSDA = P3/3;

unsigned char BUFVOLT[10];

void enable lcd(int t){
int i,
En=1;
for(i=0;i<t;i++) i=i;
En=0;
for(i=0;i<t;i++) i=i;

H

void port_data (unsigned char dat){
D1 =dat & 0x01;

D2 = dat & 0x02;

&9



D3 =dat & 0x04;
D4 = dat & 0x03;

H

void led_command(unsigned char command){
port_data (command>>4);
enable_lcd(150);
port_data (command);
enable_lcd(150);

H

void led_clear(void){
RS=0;
port_data (0x01>>4);
enable lcd(150);
port_data (0x01);
enable lcd(150);
RS=1;

h

void lcd xy(unsigned char x,y){
unsigned char row;
if(x==1) row = 0x80;
else if(x==2) row = 0xc0;
else return;
row = row+y;,
RS =0;
port_data (row>>4);
enable lcd(150);
port_data (row);
enable lcd(150);

RS=1;
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void putl(unsigned char dat){
port_data (dat>>4);
enable lcd(50);
port_data(dat);
enable lcd(50);
H
void printl_xy(unsigned char *dat,x,y){
led xy(x,y);
while(*dat){
putl(*dat++);
H

}
void led_init(void){

led_command(0x33);
led_command(0x32);
led_command(0x28);
led_command(0x0c¢);
led_command(0x06);
led_command(0x01);
RS=1;

led clear();

;

void ipdel(void)

{
_nop_ ();
_nop_ ();
_nop_ ();

_nop_ ();
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_nop_ 0);

H

void xxchigh(void)

{
XXSCL = 1;
ipdel ();

H

void xxclow(void)

{
XXSCL = o0;
ipdel ();

H

void xxstart(void)

{
XXSDA = 1;
XXSCL = 1;
XXSDA = 0;
ipdel();
XXSCL = 0
XXSDA =1;

H

void xxstop(void)

{
XXSDA = 0;
XXSCL = 1;
ipdel ();
XXSDA = 1;

H

bit xxwrbyte(unsigned dat)

{
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}

unsigned char xxrdbyte(void)

{

unsigned char i;
bit outbit;
for(i=1;i<=8;i++)

{
outbit = dat & 0x80;
XXSDA = outbit;
dat=dat<<1;
xxchigh();

xxclow();

XXSDA = 1;
xxchigh();

outbit = XXSDA;
xxclow();

return(outbit);

unsigned char i,dat;
bit inbit;
dat=0;
for(i=1;1<=8;i++)

{
xxchigh ();
inbit = XXSDA;
dat=dat<<1;
dat = dat | inbit;

xxclow();

XXSDA = 1;
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}

unsigned char ADC(unsigned char channel)

{

}

xxchigh ();

inbit = XXSDA;
xxclow ();

if (~inbit) dat = 0xff;

return(dat);

unsigned char temp;
xxstart();
xxwrbyte(0x90);
xxwrbyte(0x40|channel);
xxstop();

xxstart();
xxwrbyte(0x91);

temp = xxrdbyte();
xxstop();

return(temp);

void delay ms (unsigned int count)

{

unsigned int i;
while (count) {

i=115; while (i>0) i--;

count--;

H
H
void readVolt(void)
{

float v;
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unsigned char a,b,c,d;
a=ADC(CHO0);
b= ADC(CH1);
¢ =ADC(CH2);
d = ADC(CH3);
v=a*(0.1171875);
if(v > 20.0) sprintfBUFVOLT,">20.00 V ",v);
else sprintf(BUFVOLT,"%.2f V. ",v);
printl xy(BUFVOLT,2,6);
H
void main(void)
{
led_init();
printl_xy("SMPS 20kV EE SWU", 1,0);
printl_xy("V<DC>=",2,0);
while(1)
{
readVolt();
delay ms(1000);
H
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IRFP460, SiHFP460

Vishay Siliconix

Power MOSFET
F
PRODUCT SUMMARY A .
Vos (V) 500 . Dynanﬁc dV/dt Rating
Roston () Vos =10V l 0.27 * Repetitive Avalanche Rated Av-w-u-'
Q, (Max.) (nC) 210 * Isolated Central Mounting Hole RoHS
COMPLIANT
Qgs (nC) 29 * Fast Switching
Qgq (nC) 110 * Ease of Paralleling
Configuration Single  Simple Drive Requirements
D * Lead (Pb)-free Available
oz DESCRIPTION
Third generation Power MOSFETSs from Vishay provide the
Go I designer with the best combination of fast switching,
ruggedized device design, low on-resistance and
cost-effectiveness.
. DS The TO-247 package is preferred for commercial-industrial
‘G S applications where higher power levels preclude the use of

N-Channel MOSFET

TO-220 devices. The TO-247 is similar but superior to the
earlier TO-218 package because its isolated mounting hole.
It also provides greater creepage distances between pins to
meet the requirements of most safety specifications.

ORDERING INFORMATION

Package TO-247
IRFP460PDF

Leai 8 SIHFP460-E3
IRFP460

S SiHFP460

ABSOLUTE MAXIMUM RATINGS T¢ = 25 °C, unless otherwise noted

PARAMETER SYMBOL LIMIT UNIT
Drain-Source Voltage Vps 500 v
Gate-Source Voltage Vas +20
Continuous Drain Current Vasat10V ]_—1?:;1?;3 ng Io fg A
Pulsed Drain Current® lom 80
Linear Derating Factor 22 WrC
Single Pulse Avalanche Energy® Eas 960 mJ
Repetitive Avalanche Current® lar 20 A
Repetitive Avalanche Energy? Ear 28 mJ
Power Dissipati | Tc=25°C Pp 280 w
Peak Diode Recovery dV/dt® dVi/dt 3.5 Vins
Operat.ing Junction and S.torage Temperature Range Tu Tsig - 5510 + 150 oc
Soldering F \dations (Peak Temp ) for10's 3009
Mounting Torque 6-32 or M3 screw 10 it In
) N.-m
Notes
a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).
b. Vpp =50V, starting T, = 25 °C, L = 4.3 mH, Rg = 25 Q, las = 20 A (see fig. 12).
c. Isp <20 A, di/dt < 160 Alps, Vpp < Vps, Ty < 150 °C.
d. 1.6 mm from case.
* Pb conlaining terminations are not RoHS compliant, exemptions may apply
Document Number: 91237 www.vishay.com
1

S-81360-Rev. A, 28-Jul-08

96



IRFP460, SiHFP460 VISHAY.
Vishay Siliconix

THERMAL RESISTANCE RATINGS

PARAMETER SYMBOL TYP. MAX. UNIT
Maximum Junction-to-Ambient Riha - 40

Case-to-Sink, Flat, Greased Surface Rincs 0.24 - °C/W
Maximum Junction-to-Case (Drain) Rinc - 0.45

SPECIFICATIONS T, = 25 °C, unless otherwise noted

PARAMETER [ symsoL | TEST CONDITIONS [ min ] Tve. [ max. [ uniT
Static
Drain-Source Breakdown Voltage Vos Vgs =0V, Ip=250 pA 500 - - v
Vps Temperature Coefficient AVps/Ty Reference 1025 °C, Ip = 1 mA - 0.63 - Ve
Gate-Source Threshold Voltage Vasith) Vps = Vas, Ip = 250 pA 2.0 - 4.0 )
Gate-Source Leakage lass Vgs=x20V - - +100 nA
Vps =500V, Vgs =0V - - 25
Zero Gate Voltage Drain Current lpss HA
Vps =400V, Vgs=0V, Ty=125°C - = 250
Drain-Source On-State Resistance Rops(on) Vgs=10V Ip=12A® N - - 0.27 Q
Forward Transconductance [ Vps=50V,lp=12 A® 13 - - S
Dynamic
Input Capacitance Ciss Ves=0V, - 4200 -
Output Capacitance Coss Vps=25V, ) - 870 - pF
Reverse Transfer Capacitance Crss $=1.0 Miiz, see fig.5 - 350 -
Total Gate Charge Qq - - 210
N Ip=20 A, Vps = 400 V F .
Gate-Source Charge Qqs Vgs=10V see fig, 6 and 13 29 nC
Gate-Drain Charge Qqd - - 110
Tum-On Delay Time td(on) - 18 -
Rise Time tr Voo =250V, lp=20A, = 59 < a5
Tum-Off Delay Time Loty Re=4.3Q, Rp=13Q, see fig. 10° - 110 -
Fall Time 1] 4 58 >
Internal Drain | L Between lead, i - 5.0 .
ernal Drain Inductance D 6 mm (0.25") from "
package and center of o n
Internal Source Inductance Ls die contact ¢ 13 ~
Drain-Source Body Diode Characteristics
Continuous Source-Drain Diode Current Is MOSFET SYmbo! § - - 20
showing the
integral reverse { A
Pulsed Diode Forward Current® Ism p - n junction diode 4 - - 80
Body Diode Voltage Vso Ty=25°C, ls=20A, Vgs=0V° . . 1.8 v
Body Diode Reverse Recovery Time te - 570 860 ns
- Ty =25°C, I = 20A, dl/dt = 100 A/us®
Body Diode Reverse Recovery Charge Qr - 57 8.6 ucC
Forward Turn-On Time ton Intrinsic tum-on time is negligible (turn-on is dominated by Ls and Lp)
Notes
a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).
b. Pulse width < 300 ps; duty cycle <2 %.
www.vishay.com Document Number: 91237
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TYPICAL CHARACTERISTICS 25 °C, unless otherwise noted

i
Top 15V i —
1

50V
Bottom 4.5V, /

Ip, Drain Current (A)
3

20 s Pulse Width
To=25°C

100
10° 10!

8123701 Vps, Drain-to-Source Voltage (V)

Fig. 1 - Typical Output Characteristics, T¢c = 25 °C
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a >4
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r 20 ps Pulse Width
Te=150°C
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100 10!
91237_02 Vps. Drain-to-Source Voltage (V)

Fig. 2 - Typical Output Characteristics, T¢ = 150 °C
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Fig. 3 - Typical Transfer Characteristics
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Fig. 5 - Typical C il vs. Drain-to-S Voltage
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>° For test circuit
figure 1
- see figure 13
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9123706 Qg, Total Gate Charge (nC)

Fig. 6 - Typical Gate Charge vs. Gate-to-Source Voltage
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Fig. 7 - Typlical Source-Drain Diode Forward Voltage
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Fig. 8 - Maximum Safe Operating Area
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Fig. 9 - Maximum Drain Current vs. Case Temperature

Vishay Siliconix

Rl’l
Vos >—
L\ DUT.
A
+
Voo
1oV
Pulse width s 1 ps
Duty factor < 0.1 %
e 5

Fig. 10a - Switching Time 'i’esl Circuit
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Fig. 10b - Switching Time Waveforms
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Fig. 12¢c - Maximum Avalanche Energy vs. Drain Current
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Peak Diode Recovery dV/dt Test Circuit

— Circuit layout considerations
D.U.T. 7
— * Low stray inductance
A ® » Ground plane
» Low leakage inductance
current transformer
—
+
- |
®
oA :-: .+:
Q L)
A
Rg  dV/dt controlled by Rg g og
« Driver same type as D.U.T. T. Voo
 Igp controlled by duty factor "D"
« D.U.T. - device under test
@ Driver gate drive
Period D= —P#V;—
f—P.W: Period
f
Vgg=10V*
(¢
b))
@ |p.u.T. 15y waveform
Reverse
recovery Body diode forward
current current
dl/dt
@ [D.U.T. Vpg waveform p—
iode recovery
o N E
_\QIDD
Re-applied S . s E -
voltage Body diode f
@ Inductor current m
Ripple <5% Iso
i
* Vgg =5 V for logic level devices
Fig. 14 - For N-Channel
Vishay Siliconix Products may be manufactured at one of several qualified locations. Reliability data for Silicon
and Package Reliability a ite of all qualified locations. For related documents such as packageftape drawings, part marking, and

reliability data, see http:/Mww.vishay.com/ppg?91237.
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TL494, NCV494

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.
e Complete Pulse Width Modulation Control Circuitry
® On—-Chip Oscillator with Master or Slave Operation
® On—Chip Error Amplifiers
® On-Chip 5.0 V Reference
e Adjustable Deadtime Control
® Uncommitted Output Transistors Rated to 500 mA Source or Sink
® OQutput Control for Push—Pull or Single—Ended Operation
® Undervoltage Lockout
® NCV Prefix for Automotive and Other Applications Requiring Site

and Control Changes

MAXIMUM RATINGS (Full operating ambient temperature range applies,
unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 42 \%
Collector Output Voltage Vei. 42 v

Vea
Collector Output Current let, Iz 500 mA
(Each transistor) (Note 1)

Amplifier Input Voltage Range Vir -0.3 to +42 \
Power Dissipation @ Ta < 45°C Pp 1000 mw
Thermal Resi Junction-to-Ambient Roja 80 °CwW

T 125 °c
Tag |-55t0+125 | °C

Operating Junction Temperature

Storage Temperature Range

ON Semiconductor”

http://onsemi.com

MARKING
DIAGRAMS

$0-16
i6 D SUFFIX
: CASE 7518

Operating Ambient Temperature Range Ta °C
TL494B -40to +125
TL494C 0to+70
TL494! -40to +85
NCV494B -40 to +125

Derating Ambient Temperature Ta 45 “C

1. Maximum thermal limits must be observed.
PIN CONNECTIONS
Noninv Noniny
Input E 16 Inpull .
Iny Inv
lnn; [Z E Input
Cor WN
Gomp o L2 14] Vi
Deadtime Output
Control L4 13 Conto
cr[5] [12] Ve
Rr E {E c2
02
Ground [7] l10] E2
c1[g] 9 (o] 1
(Top View)
® Semiconductor Components Industries, LLC, 2004 1

April, 2004 - Rev. 5

PDIP-16
N SUFFIX
CASE 648
16
1

X =B,Corl

A = Assembly Location

WL, L = Wafer Lot

YY,Y = Year

WW, W = Work Week

*This marking diagram also applies to NCV494.
ORDERING INFORMATION
Device Package Shipping’

TL494BD SO-16 48 Units/Rail
TL494BDR2 SO-16 2500 Tape & Reel
TL494CD SO-16 48 Units/Rail
TL494CDR2 SO-16 2500 Tape & Reel
TL494CN PDIP-16 25 Units/Rail
TL494IN PDIP-16 25 Units/Rail
NCV494BDR2* SO-16 2500 Tape & Reel

tFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specification
Brochure, BRD8011/D.

*NCVA484: Tigy, = =40°C, Thigh = +125°C.
Guaranteed by design. NCV prefix is for
ive and other requiring site
and change control.

Publication Order Number:
TL494/D
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RECOMMENDED OPERATING CONDITIONS

TL494, NCV494

Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vee 7.0 15 40 \
Collector Output Voltage Vet Vez - 30 40 "
Collector Qutput Current (Each transistor) Igy. Icz = - 200 mA
Amplified Input Voltage Vin -0.3 = Veec - 2.0 Vv
Current Into Feedback Terminal I - 2 0.3 mA
Reference Output Current Iraf = = 10 mA
Timing Resistor Ry 18 30 500 kQ
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (V¢ = 15 V, Cr = 0.01 uF, Ry = 12 k@, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies, unless otherwise noted.

[ Characteristics Symbol I Min ‘ Typ [ Max I Unit
REFERENCE SECTION

Reference Voltage (Io = 1.0 mA) Vrer 4.75 5.0 525 \

Line Regulation (Vgc = 7.0 Vto 40 V) Regijine = 20 25 mV

Load Regulation (Ip = 1.0 mA to 10 mA) Regipad = 3.0 15 mV

Short Circuit Output Current (Vref = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Icom = 20 100 uA
(Vec=40V. Ve =40 V)

Emitter Off-State Current Ig(off) = . =100 A
Vec=40V, V=40V, VE=0V)

Collector-Emitter Saturation Voltage (Note 2) \
Common=-Emitter (Vg = 0V, I = 200 mA) Vsalc) - 13
Emitter-Follower (V¢ = 15 V, Ig = =200 mA) Vsalg) - 25

Output Control Pin Current
Low State (Voc = 0.4 V) locL - 10 - wA
High State (Voc = Vrer) locH - 0.2 35 mA

Output Voltage Rise Time te ns
Common-Emitter (See Figure 12) = 100 200
Emitter-Follower (See Figure 13) i 100 200

Output Voltage Fall Time t ns
Common-Emitter (See Figure 12) - 25 100
Emitter-Follower (See Figure 13) - 40 100

2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to

http://lonsemi.com
2

ire as
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TL494, NCV494

ELECTRICAL CHARACTERISTICS (V¢c = 15V, Cr = 0.01 uF, Ry = 12 kQ, unless otherwise noted.)
For typical values T = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics [ symbol | Min Typ Max | unit |
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (pin3) = 2.5 V) Vio - 20 10 mV
Input Offset Current (Vo (pin 3)= 2.5 V) lio = 5.0 250 nA
Input Bias Current (Vo (pin 3) = 2.5 V) g - -0.1 -1.0 A
Input Common Mode Voltage Range (V¢g = 40 V, Tp = 25°C) Vicr =-0.3to Vge-2.0 \
Open Loop Voltage Gain (AVo=3.0V,Vp=0.5V1t0 3.5V, R, =2.0kRQ) AvoL 70 95 = dB
Unity-Gain Crossover Frequency (Vo = 0.5 Vto 3.5V, R, = 2.0 kQ) fe- = 350 = kHz
Phase Margin at Unity-Gain (Vo =0.5V to 3.5V, R = 2.0 kQ) Pm = 65 - deg.
Common Mode Rejection Ratio (Vcc = 40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVee =33V, Vg =25V, R, = 2.0kQ) PSRR = 100 = dB8
Output Sink Current (Vo (pin3) = 0.7 V) lo- 0.3 0.7 - mA
Output Source Current (Vo (pin 3) = 3.5 V) lo+ 20 -4.0 = mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) V1H - 25 45 \
Input Sink Current (Vpin 3= 0.7 V) - 0.3 07 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpin4 =0V 10 5.25V) lig (oT) = -2.0 -10 HA
Maximum Duty Cycle, Each Output, Push-Pull Mode DCrmax %
(Vpina =0V, Cr = 0.01 uF, Ry = 12 kQ) 45 48 50
(Vpinga =0V, Cr =0.001 uF, Ry = 30 k) - 45 50
Input Threshold Voltage (Pin 4) Vin \
(Zero Duty Cycle) - 28 33
(Maximum Duty Cycle) 0 = b
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, Ry = 30 kQ2) fosc o 40 = kHz
Deviation of Fi * (Ct = 0.001 uF, Ry = 30 kQ) ofose = 3.0 = %
Frequency Change with Voltage (Vcc = 7.0 Vto 40 V, T = 25°C) Afosc (AV) =: 0.1 = %
Frequency Change with Temperature (ATa = Tiow to Thigh) Afgse (AT) - - 12 %
(Cr=0.01 uF, Ry = 12kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turn-On Threshold (Ve increasing, lef = 1.0 mA) Vi 55 6.43 0 [ v |
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vrer, All other inputs and outputs open) lcc mA
(Veg =15V) - 55 10
(Vcc=40V) = 7.0 15
Average Supply Current mA
(Cr=0.01uF, Ry = 12k, V(pin4) = 2.0 V) - 7.0 -
(Vce =15 V) (See Figure 12)

= d deviation is a of the

http:/lonsemi.com
3

about the mean as derived from the formula, o
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This device contains 46 active transistors.

Figure 1. Representative Block Diagram
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TL494, NCV494

APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figurc 1.) An internal-linear sawtooth oscillator is
frequency— programmable by two external components, Rt
and Cr. The approximate oscillator frequency is determined
by:

11
RreCr

fosc =
For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum
output deadtime to approximately the first 4% of the
sawtooth—cycle time. This would result in a maximum duty
cycle on a given output of 96% with the output control
grounded, and 48% with it connected to the reference line.
Additional deadtime may be imposed on the output by
setting the deadtime—control input to a fixed voltage,
ranging between 0 Vto 3.3 V.

Functional Table

Input/Output o
Controls Output Function = -

Grounded Single-ended PWM @ Q1 and Q2 1.0
@ Vet Push-pull Operation 05

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the deadtime
control input, down to zero, as the voltage at the feedback
pin varies from 0.5 V to 3.5 V. Both error amplifiers have a

common mode input range from —0.3 V to (Ve — 2V), and
may be used to sense power—supply output voltage and
current. The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse—width
modulator comparator. With this configuration, the
amplifier that demands minimum output on time, dominates
control of the loop.

When capacitor Cy is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected
to the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on—time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output—drive currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of
the oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of +5.0%
with a typical thermal drift of less than 50 mV over an
operating temperature range of 0° to 70°C.

500 k e e e e e T
= R T
] Cr =001 v i Yo=Y
il === —==m=
=
g :
&£ I
o«
S 0.01 uF
= 10K : =
é T
g i
j 0.1 uF

10 k=== 4

NG T

10k 20k 50k 10k 20k 50k 100k 200k 500k 1.0M
Ry, TIMING RESISTANCE (%)

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 10. Error-Amplifier Characteristics

Figure 12. Common-Emitter Configuration
Test Circuit and Waveform
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Veg = 15V
1508 150
2We 2w
Voo
O—————— Deadtime C1 O Quiput 1
3 4
O——— Feedback

() Error
B )
Output Ref
Out
50k Control i
215

Figure 11. Deadtime and Feedback Control Circuit
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Figure 13. Emitter-Follower Configuration

http://lonsemi.com

T

Test Circuit and Waveform

Ar c2 o Output 2
Jmtamn oy
)

109



110

TL494, NCV494

v’Gl
Vo To Output
Voltage of
System
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Vi Negative Output Voltage Ri
Vo=Vt
2 Positive Output Voltage 07 TR Vo
R To Output
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Figure 14. Error-Amplifier Sensing Techniques
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TexAs
INSTRUMENTS LM150, LM350-N, LM350A
www.ti.com SNVS7728 —MAY 1998—-REVISED MARCH 2013
LM150/LM350A/LM350 3-Amp Adjustable Regulators
Check for Samples: LM150, LM350-N, LM350A
FEATURES In additon to higher performance than fixed

« Adjustable Output Down to 1.2V

* Guaranteed 3A output Current

* Guaranteed Thermal Regulation

* Output is Short Circuit Protected

* Current Limit Constant with Temperature

« P*Product Enhancement Tested

* 86 dB Ripple Rejection

* Ensured 1% Output Voltage Tolerance
(LM350A)

+ Ensured Max. 0.01%/V Line Regulation
(LM350A)

« Ensured Max. 0.3% Load Regulation (LM350A)

APPLICATIONS

* Adjustable Power supplies
* Constant Current Regulators
« Battery Chargers

DESCRIPTION

The LM150 series of adjustable 3-terminal positive
voltage regulators is capable of supplying in excess
of 3A over a 1.2V to 33V output range. They are
exceptionally easy to use and require only 2 external
resistors to set the output voltage. Further, both line
and load regulation are comparable to discrete
designs. Also, the LM150 is packaged in standard
transistor packages which are easily mounted and
handled.

Connection Diagram

Case is Output

ADJUSTMENT Vi

Figure 1. (TO-3 STEEL) Metal Can Package
Bottom View
See Package Number NDS0002A

regulators, the LM150 series offers full overload
protection available only in IC's. Included on the chip
are current limit, thermal overload protection and safe
area protection. All overload protection circuitry
remains fully functional even if the adjustment
terminal is accidentally disconnected.

Normally, no capacitors are needed unless the device
is situated more than 6 inches from the input filter
capacitors in which case an input bypass is needed.
An output capacitor can be added to improve
transient response, while bypassing the adjustment
pin will increase the regulator's ripple rejection.

Besides replacing fixed regulators or discrete
designs, the LM150 is useful in a wide variety of
other applications. Since the regulator is “floating”
and sees only the input-to-output differential voltage,
supplies of several hundred volts can be regulated as
long as the maximum input to output differential is not
exceeded, i.e., avoid short-circuiting the output.

By connecting a fixed resistor between the
adjustment pin and output, the LM150 can be used
as a precision current regulator. Supplies with
electronic shutdown can be achieved by clamping the
adjustment terminal to ground which programs the
output to 1.2V where most loads draw little current.

The part numbers in the LM150 series which have a
NDS suffix are packaged in a standard Steel TO-3
package, while those with a NDE suffix are packaged
in a TO-220 plastic package. The LM150 is rated for
-55°C < T, < +150°C, while the LM350A is rated for
-40°C < T, < +125°C, and the LM350 is rated for 0°C
sT;s+125°C.

Vour
1
———m
O ——————Vor
‘ ;: ADY

Figure 2. (TO-220) Plastic Package
Front View
See Package Number NDE0003B

dard , and use in critical applications of

Please be aware that an important notice

Texas Instruments semiconductor products and dlSC|8lmel‘S lherelc appears at me end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of wblvcahon date.

Products conform to specifications pef the terms of the Texas
Instruments _standard warranty. Production processing does not
necessarily include testing of all parameters.
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
m during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings"@®

Power Di Internally Limited
Input-Output Voltage Differential +35V
Storage T -65°C to +150°C

Metal Package (Soldering, 10 sec. 300°C
Lead Temperature | ge ( nrfg =)

Plastic Package (Soldering, 4 sec.) 260°C
ESD Tolerance TBD

LM150 =-55°C < T, s +150°C
Operating Temperature Range LM350A -40°C < T, S +125°C

9
LM350 0°C s T;s+125°C

“

which the device is intended to be functional, but do not ensure specific per

Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings _indica(e conditions for

and test

limits. For

conditions, see the Electrical Characteristics.
(2) Refer to RETS150K drawing for military specifications of the LM150K.
(3) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.

Electrical Characteristics

Specifications with standard type face are for T,= 25°C, and those with boldface type apply over full Operating
Temperature Range. Unless otherwise specified, Viy= Vour= 5V, and loyr= 10 mA®

Parameter Conditions LM150 |
Units
Min Typ Max |
Reference Voltage 3V < (Vi = Vour) €35V, 10 mA < loyr < 3A, P < 30W 1.20 1.25 1.30 v |
Line Regulation 3V € (Viy = Vour) €35V 0.005 Pt 8
0.02 0.05 %IV
o
Load Regulation 10 mA £ lgyr < 3A@ :; 0;3 ;:
Thermal F 20 ms Pulse 0.002 0.01 %IW
Adjustment Pin Current 50 100 HA
Adjustment Pin Current Change 10 mA = loyr S 3A, 3V < (Viy = Vour) s 35V 0.2 5 A
Temperature Stability Tain S Ty S Tyax 1 %
Minimum Load Current Vin = Vour = 35V 3.5 5 mA
T Vin = Vour < 10V 3.0 45 A
Vin = Vour = 30V 0.3 1 A
RMS Output Noise, % of Vour 10 Hz sf< 10 kHz 0.001 %
, o ' Vour = 10V, f = 120 Hz, Cap = 0 pF 65 dB
Ripple Rejection Ratio
Vour = 10V, f = 120 Hz, Cap, = 10 pF 66 86 dB
Long-Term Stability T, = 125°C, 1000 hrs 0.3 1 %
Thermal Resistance, Junction to Case | NDS Package 1.2 1.5 °C/W
Toamat Rsarcs bnten© | u5s oo 5 om
(1) These specifications are for power dissipations up to 30W for the TO-3 (NDS) package and 25W for the TO-220 (NDE)

package. Power dissipation is ensured at these values up to 15V input-output differential. Above 15V differential, power dissipation will
d to AOQL (A g

be limited by internal protection circuitry. All limits (i.e., the numbers in the Min. and Max.

Outgoing Quality Level).
is

()

junction P

are

F ata using pulse testing with a low duty cycle. Changes in output voltage due to
heating effects are covered under the specifications for thermal regulation.
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Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range. Unless otherwise specified, Viy = Vour = 5V, and loyr = 10 mA. ")

o LM350A LM350 Units
Parameter Conditions
Min | Typ | Max | Min | Typ | Max
lour = 10 MA, Ty = 25°C 1.238 | 1.250 | 1.262 \2
Reference Voltage 3V = (Vi = Vour) S 35V,
10 mA S loyr S 3A, P S 30W 1.225 | 1.250 | 1.270 | 1.20 | 1.25 | 1.30 \'4
0,005 | 0.01 0.005 | 0.03 | %/V
Line Regulation 3V = (Viy - Vour) s 35V
o Vo = Yoo 0.02 | 0.05 0.02 | 0.07 | %NV
0.1 0.3 0.1 0.5 %
Load Regulatio 10 mA £ loyr < 3A®@
oan egiaton oL 03 | 1 03 | 15 | %
Thermal Regulation 20 ms Pulse 0.002 | 0.01 0.002 | 0.03 | %/W
Adjustment Pin Current 50 100 50 100 A
Adjustment Pin Current Change | 10 mA < loyr S 3A, 3V < (Viy = Vour) S 35V 0.2 5 0.2 5 A
Temperature Stability Tiin S Ty S Tiax 1 1 %
Minimum Load Current Vin = Vour = 35V 3.5 10 3.5 10 mA
Vin = Vour £ 10V 3.0 4.5 3.0 4.5 A
Current Limit N7 YouT
Vin = Vour = 30V 0.3 1 0.25 1 A
RMS Output Noise, % of Vour | 10 Hz < f< 10 kHz 0.001 0.001 %
Vour = 10V, f= 120 Hz, Capy = 0 pF 65 65 dB
Ripple Rejection Ratio
P ; Vour = 10V, { = 120 Hz, Capy = 10 pF 66 | 86 66 | 86 a8
Long-Term Stability T, = 125°C, 1000 hrs 0.25 1 0.25 1 %
Thermal Junction to | NDS Package 12 | 15 | *CwW
Case NDE Package 3 4 3 4 °‘CW
Thermal Resistance, Junction to | NDS Package 35 ‘cw
Ambient (No Heat Sink) NDE Package 50 50 °C/IW
(1) These sp ions are i for power di up to 30W for the TO-3 (NDS) package and 25W for the TO-220 (NDE)
k Power dissipation is d at these values up to 15V input-output differential. Above 15V differential, power dissipation will

be limited by internal protection circuitry. All limits (i.e., the numbers in the Min. and Max. columns) are ensured to AOQL (Average

Outgoing Quality Level).

is data junctiol P using pulse testing with a low duty cycle. Changes in output voltage due to

n
heating effects are covered under the specifications for thermal regulation.

Copyright © 1998-2013, Texas Instruments Incorporated
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Typical Performance Characteristics

Load Regulation

1]

lpyr = 500 mA |

P e
e R S

OUTPUT VOLTAGE DEVIATION (%)
s
-

-08
|
-08 |vy=15v
Vout =10V
Y [0/
-75 25 25 5 125

TEMPERATURE (°C)

QUTPUT CURRENT (A)

Current Limit

—in
- QL |
]
H
! M —
Im=-ssee (NG| 7j-25c
—4 N\
~
| o

INPUT-OUTPUT DIFFERENTIAL (V)

Figure 3. Figure 4.
Adjustment Current Dropout Voltage
o . aVoyr - 100 mV T
3 60 T — i 25 [—3 . | |
E iliss -l £ ™~ Pl - 38
- = I~
g S lout = 2A
S 50 = =
o 3 '\QN
= . = et lour ~ 500 mA
- 1] 5 s =
g V £ =
@ o™/ | 3 lour = 200 mA
3 §d S, 1 lour = 20 mA
i £ RN
30 l 0.5
ML 25D BBl 2 [
TEMPERATURE (°C) EMPERATUREIEE)
Figure 5. Figure 6.
Temperature Stability Minimum Operating Current
126 45
il
§ 125 E s
2 1 P g 3
£ N g
=] X s 25
> 124 \ H
w \ = 2
= =
& 818
i
g £,
3 o
05
122 0
-5 -2 25 75 125 0 5 10 15 20 25 30 3
TEMPERATURE (°C) INPUT-OUTPUT DIFFERENTIAL (V)
Figure 7. Figure 8.
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Typical Performance Characteristics (continued)

Ripple Rejection

Ripple Rejection

100 100
l
P Capy = 104F s 8 L
s 5 H / \
= = \CAnJ' 10 uF
E 80 i 'E' L |
2 Capy=0 T T—F—o g cans=0\
I 1|1 &
a0
= 40 — I L e
g Vin = Vour = 5V g 9 -
= loyr — 500 mA z Vg 18V |
= 20 2 |,
1= 120 Tulnz— 1ov
Ty~25°C j=25C
0 | e 0 .
0 5 10 15 20 25 30 35 10 100 1k 10k 100k M
OUTPUT VOLTAGE (V) FREQUENCY (Hz)
Figure 9. Figure 10.
Ripple Rejection Output Impedance
100 ]
Capy = 10 4F
s 80 % L s
s =
2 60 Cany- 0 T H
\
g il
& g4 =
g Vi~ 1V E
T N 2
& g |Vour=1ov 5
=120 Hz
Tj=25°C
0 son |
001 01 1 10 0 100 1k 10k 100k M
QUTPUT CURRENT (A) FREQUENCY (Hz)
Figure 11. Figure 12,
Line Transient Response Load Transient Response
15 15 T
€ =0,Capy=0
- 10V L= 0.Capy
= o ol - T |
5z CL=0,Caps=0 1 g §€ 05 }CL=14F, Capy=10uF - Je
o8 05 + 1‘ %°C = ! /‘ R | -y
=k l 4 ML - PR
23 0 BS-us i~ 18V
£3 | I £z \ Vour = 10V
2= 05 [CL=10F Capy= 104F L A PRELOAD = 50 mA
15 . T - 25c
-1 C i
B _ - - — 18 1 I (A T e T‘
=2 s t
'g‘&' g = At {
2% 05 E 85 —F—+— 1 41 i
£5 g, 1 ]
=
- 0 10 20 30 40 0 10 2 30 a0
TIME (8) TIME (1]
Figure 13. Figure 14.
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APPLICATION HINTS

In operation, the LM150 develops a nominal 1.25V reference voltage, Vger, between the output and adjustment

terminal. The reference voltage is impressed across program resistor R1 and, since the voltage is constant, a

constant current |; then flows through the output set resistor R2, giving an output voltage of
Vout = VREF (1 =+ E) + lapy R2.

R1 1)

LM150

Vaer QA1

a0y

/i.uz \

Figure 15.

Since the 50 PA current from the adjustment terminal represents an error term, the LM150 was designed to
minimize lxpy and make it very constant with line and load changes. To do this, all quiescent operating current is
returned to the output establishing a minimum load current requirement. If there is insufficient load on the output,
the output will rise.

EXTERNAL CAPACITORS

An input bypass capacitor is recommended. A 0.1 pF disc or 1 pF solid tantalum on the input is suitable input
bypassing for almost all applications. The device is more sensitive to the absence of input bypassing when
adjustment or output capacitors are used but the above values will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on the LM150 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the output voltage is increased. With a 10 pF bypass capacitor
86 dB ripple rejection is obtainable at any output level. Increases over 10 pF do not appreciably improve the
ripple rejection at frequencies above 120 Hz. If the bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor from discharging through internal low current paths and
damaging the device.

In general, the best type of capacitors to use is solid tantalum. Solid tantalum capacitors have low impedance
even at high frequencies. Depending upon capagcitor construction, it takes about 25 pF in aluminum electrolytic to
equal 1 pF solid tantalum at high frequencies. Ceramic capacitors are also good at high frequencies, but some
types have a large decrease in capacitance at frequencies around 0.5 MHz. For this reason, 0.01 pF disc may
seem to work better than a 0.1 pF disc as a bypass.

Although the LM150 is stable with no output capacitors, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs with values between 500 pF and 5000 pF. A 1 WF solid
tantalum (or 25 uF aluminum electrolytic) on the output swamps this effect and insures stability.

LOAD REGULATION

The LM150 is capable of providing extremely good load regulation but a few precautions are needed to obtain
maximum performance. The current set resistor connected between the adjustment terminal and the output
terminal (usually 240Q) should be tied directly to the output (case) of the regulator rather than near the load. This
eliminates line drops from appearing effectively in series with the reference and degrading regulation. For
example, a 15V regulator with 0.05Q resistance between the regulator and load will have a load regulation due to
line resistance of 0.05Q x Ioyr. If the set resistor is connected near the load the effective line resistance will be
0.05Q (1 + R2/R1) or in this case, 11.5 times worse.

Figure 16 shows the effect of resistance between the regulator and 240Q set resistor.
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Figure 16. Regulator with Line Resistance
in Output Lead

With the TO-3 package, it is easy to minimize the resistance from the case to the set resistor, by using two
separate leads to the case. The ground of R2 can be returned near the ground of the load to provide remote
ground sensing and improve load regulation.

PROTECTION DIODES

When external capacitors are used with any IC regulator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low current points into the regulator. Most 10 UF capacitors have
low enough internal series resistance to deliver 20A spikes when shorted. Although the surge is short, there is
enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator and the input is shorted, the output capacitor will discharge
into the output of the regulator. The discharge current depends on the value of the capacitor, the output voltage
of the regulator, and the rate of decrease of V. In the LM150, this discharge path is through a large junction that
is able to sustain 25A surge with no problem. This is not true of other types of positive regulators. For output
capacitors of 25 WF or less, there is no need to use diodes.

The bypass capacitor on the adjustment terminal can discharge through a low current junction. Discharge occurs
when either the input or output is shorted. Internal to the LM150 is a 50Q resistor which limits the peak discharge
current. No protection is needed for output voltages of 25V or less and 10 pF capacitance. Figure 17 shows an
LM150 with protection diodes included for use with outputs greater than 25V and high values of output
capacitance.

o1
1N4002

Vin

hates ]F E:‘";“ -__I___ i

€2 =t 3
§ T

D1 protects against C1
D2 protects against C2

Figure 17. Regulator with Protection Diodes

R2
v T=|.zsv(|+—)+| R2
o mi) A @
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Schematic Diagram

]
Al R2 A3 e S RS
i) ne 190 2 Qs L
a0
RIS
b
VI
(1 a8 l‘H ~4
o g A
— o H s
S a2 "s
160
03
sV ‘i’
n {1}
>
RS
15
<1 S R13

n sk AN

- A28

ms i
& 6 ouT

Typical Applications

]

5
——c}'
T

Full output current not available

at high input-output voltages.

+Optional—improves transient response. Output capacitors in the range of 1 pF to 1000 pF of aluminum or tantalum
electrolytic are commonly used to provide imp d output i and rejection of i

*Needed if device is more than 6 inches from filter capacitors

Figure 19. 1.2V-25V Adjustable Regulator

R2
t1Vour = 1.25V (1 + E) + lapy (R2)

Note: Usually R1 = 2400 for LM150 and R1 = 1200Q for LM350.
3)
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LM350
Vin N 6 ouT| Vourz4v
S: 1.2k
30
w2 10k
INds7
R
o

*Adjust for 3.75V across R1
Figure 20. Precision Power Regulator with Low Temperature Coefficient

LM150

v 7 Vour
Vin N o, 'out Moh
<Al
51‘ o S
| i AA ][mwﬂz
= R3
Sy 50k

>
R2
> 2N2905
<
b3 27 + o
100 uF

=

Figure 21. Slow Turn-ON 15V Regulator

LM150
Vi Vi Vour -
by ADJ
[P 9y @i
123 ~ 1N4002
I 0.14F uog 4
c1
- 1uft

1
ul

10.F

5

1Solid tantalum
*Discharges C1 if output is shorted to ground

Figure 22. Adjustable Regulator with Improved Ripple Rejection
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AA

'Zrllﬂlll

3m
< 267
"

Figure 23. High Stability 10V Regulator

LM150

INPUTS
*Sets maximum Voyr

Figure 24. Digitally Selected Outputs

LMI50

S At
> 240

>
<43
> 1.4%

p— Vagr <695V
ly il
A i

Figure 25. Regulator and Voltage Reference
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LM350 <
0.05 || 5
Vin —VWA- ut AAA—

01
AA

VA~ IN o 00T Vour®
:E 120
+
10,4F ;.J; L T~ 224F
;‘ 2

*Minimum load current 50 mA

Figure 26. 10A Regulator

LM150
Viyv- Vin__Vour Your
TR ApJ L v
SRl
>
S0
2] —t— G2
01 4F — 0.1 4F

SR
; 720 W29 p—AAA—~— TTL
1

*Min output = 1.2V
Figure 27. 5V Logic Regulator with Electronic Shutdown*

LM150
Vin v
po% m fp=ou
::m
2 750
o ’
014F
'=r g wass
‘ 12v
Sl
>
i. 680
~10v

Full output current not available at high input-output voltages
Figure 28. 0 to 30V Regulator
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MI4502

:z—I— CURRENT 1&/:2 <n
1009F ADIUSTD 20 9 5w
A1 L3S0 |

BV Vin  Vour
ADJ

o
=

o JUTPUT

I 12v-30V
c3 i

c

T"

U_J Ens

5 R5 <
750F 330k S

R7
220
AR
RS |
6V TO 15V wSf o
VOLTAGE 2 10.uF
Apiust

1Solid tantalum
*Lights in constant current mode

Figure 29. 5A Constant Voltage/Constant Current Regulator
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Figure 30. 12V Battery Charger
‘0.4 SR, 1200
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llill rw,-'T"‘Q'
e

—iVYﬂ-'IDv
Figure 31. Adjustable Current Regulator
*Minimum output current = 4 mA

Figure 32. Precision Current Limiter

Figure 33. 1.2V-20V Regulator with Minimum
Program Current

Figure 34. 3A Current Regulator

>
7 S rour

> ADJUST

tMinimum load—10 mA
*All outputs within +100 mV

Copyright © 1998-2013, Texas Instruments Incorporated
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*Rs—sets oulput impedance of charger: Zout = ﬂs(! + n_)

R2
1

Use of Rg allows low charging rates with fully charged battery.
**1000 pF is recommended to filter out any input transients

LM350 LM350 Rg*
02
v, v, Vin
i
b P:
>3 + <
Vs [ g T ‘E .
wg F P
120Q
ADJ
Vin our
M350
Figure 37. AC Voltage Regulator Figure 38. Simple 12V Battery Charger
LMI50 M350

Figure 39. Temperature Controller Figure 40. Light Controller

*Sets peak current (2A for 0.3Q)

**1000 pF is recommended to filter out any input transients.
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Figure 41. Adjustable 10A Regulator

A1
01

Figure 42. Current Limited 6V Charger
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Figure 43. 6A Regulator
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Features

Compatible with MCS-51™ Products

8K Bytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz
Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable /O Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel
Low-power Idle and Power-down Modes

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.

Pin Configurations ikl
PQFP/TQFP m2yriod]r sofvee
= mExP1g2 sfiFo.0 (a00)
#1203 3spFo.1 (AD1)
Pags wfro2 (a02)
Pads 3sp 703 (aD3)
Psds 3spFos (AD4)
P07 3f1Fos (AD5)
P78 33pFos (A08)
— b po.4 a0y RSTC]9 32fFo7 (AD7)
iR Fro.s (a08) (RxDyP30010 npERver
P17 0170 6 (ADS) (IXD)RLI Cy SOPALEEROG
RST 30 f1P07(A07) il el el 2H RN
(XD P30 ped Sy T PasC{1a 2[1P27 (A15)
8 =k Pare B (A1
(TX0) P31 7 [ ALEIFROG
(iT0) P3 2 b Fser W) P d
(T b3 N, ®0yP3 717 241723 (A1)
Pk gt e e x1a2g]18 2301P22 (A1)
myrasds Br2s a13) xtAL1 19 20F21(89)
arocj2e 21fF20 (a8)

bPoa (aDs)
[Pos (a05)
P05 (A06)
bPo7 (a07)
[PEAVPP
pine
hALE/PROG
hFsER

3 P27 (At5)
P25 (A14)
[iP25 (a13)

I )

8-bit
Microcontroller
with 8K Bytes
Flash

AT89C52

Not Recommended
for New Designs.
Use AT89S52.

Rev. 0313H-02/00
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Block Diagram
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

vcc
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I,.) because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin | Alternate Functions

P1.0 T2 {external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.
Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD {serial input port)

P31 TXD {serial output port)

P3.2 INTO (external interrupt 0)

P3.3 TNTT (external interrupt 1)

P3.4 TO {timer O external input)

P3.5 T1 {timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EAIVPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming when 12-volt
programming is selected.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

0F8H OFFH
OFOH B OF7H
00000000
0E8H 0EFH
ACC
oeorf[eR. 42 0E7H
0D8H 0DFH
PSW
0DOH | godeid 0D7H
o T2CON T2MOD RCAP2L RCAP2H T2 TH2 oy
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0COH 0C7H
0B8H i 0BFH
XX000000
P3
0BOH | 414919111 057K
0ABH = 0AFH
0X000000
P2
OAOH | 494119111 Lalis
SCON SBUF
9BH | 00000000 |  XXXXXXXX SFH
P1
9OH | 11411111 e
G TCON TMOD TLo L1 THO TH1 -
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
s PO sP DPL DPH PCON o
11111111 00000711 00000000 | 00000000 0XXX0000

4 AT89C52 m—————————

129



s A T89C 52

Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON — Timer/Counter 2 Control Registe

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits are
in the IE register. Two priorities can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = 0C8H Reset Value = 0000 0000B

Bit Addressable

Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 Cim2 CP/RL2
7 6 5 4 3 2 1 0

Symbol Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=1or TCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 intemrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode
{DCEN =1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = O causes Timer 1 overflows to be used for the transmit clock.

EXEN2 Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

cim2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter {falling edge
triggered).

CP/RL2 Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.
For example, the following direct addressing instruction
accesses the SFR at location 0AOH (which is P2).

MOV OAOH, #data

AIMEL f
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Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AQOH, accesses
the data byte at address 0AOH, rather than P2 (whose
address is 0AOH).
MOV @RO, #data

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK | CP/RLZ TR2 MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X i Baud Rate Generator
X X 0 (Off)

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external

6 AT89C52 m—————————

input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.
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Figure 1. Timer in Capture Mode
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Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.
The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

AIMEL 7
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Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)
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Table 4. T2MOD — Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
i = — - - - T20E DCEN
Bit 7 6 5 4 3 2 1 0
Symbol Function
- Not implemented, reserved for future
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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Figure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Timer 2 Overflow Rate

Modes 1 and 3 Baud Rates = 6

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _ Oscillator Frequency
Baud Rate 32 x [65536 — (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar IO pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.
The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.
Oscillator Fequency

Jock-Out F -
Clock-Out Frequency= e 6 (RCAP2H,RCAPZL)]

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
UART in the AT89C51.

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 6.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table shows that bit position IE.6 is unimple-
mented. In the AT89C51, bit position IE.5 is also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at S2P2 and is polled in the

same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

(MSB) (LSB)
|EA ‘— |ET2 |ES |ET1 ‘E)U [ETO IEXO [
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA =7/ Disables all interrupts. If EA =0,
no intemupt is acknowledged. If
EA = 1, each interrupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

- IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE4 Serial Port interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE2 External intemupt 1 enable bit.

ETO IEA Timer O interrupt enable bit.

EXO IE.O External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Figure 6. Interrupt Sources
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Figure 7. Oscillator Connections

c2
] I XTAL2
c1
XTAL1
_ GND

Note: C1, C2 =30 pF +10 pF for Crystals

=40 pF £10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

inhibits access to internal RAM in this event, but access to

the port pins is not inhibited. To eliminate the possibility of NC == —a—TAL2

an unexpected write to a port pin when idle mode is termi-

nated by a reset, the instruction following the one that

invokes idle mode should not write to a port pin or to exter-

nal memory. EXTERNAL

OSCILLATOR XTAL1

Power-down Mode SIGNAL

In the power-down mode, the oscillator is stopped, and the

instruction that invokes power-down is the last instruction GND

executed. The on-chip RAM and Special Function Regis-

ters retain their values until the power-down mode is =

terminated. The only exit from power-down is a hardware -

reset. Reset redefines the SFRs but does not change the

on-chip RAM. The reset should not be activated before V¢

Status of External Pins During Idle and Powe-down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the following table.

Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 V] U U No program lock features.

2 P U U MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of
the Flash memory is disabled.

Same as mode 2, but verify is
also disabled.

Same as mode 3, but external
execution is also disabled.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vee) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp = 12V Vpp = 5V
Top-side Mark AT89C52 AT89C52

XXXX XXXX - 5

yyww yyww

Vpp =12V Vpp= 5V
Signature {030H) =1EH {030H) = 1EH

(031H) = 52H (031H) = 52H

{032H) = FFH (032H) = 05H

The AT89C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm Before programming the
AT89C52, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 9 and Figure 10. To program the AT89C52, take the
following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.
Chip Erase The entire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

AIMEL =
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Reading the Signature Bytes The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel

(031H) = 52H indicates 89C52

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EANp P26 | P27 | P36 | P37
Write Code Data H L HM12v It H H H
e
Read Code Data H L H H
Write Lock Bit - 1 H L H2v H H
Y &
Bit-2 H 1= H12v H H L E
N
Bit-3 H L HM12v H L H E
= 7
Chip Erase H L ) H/12v H E L L
v
Read Signature Byte H L H H I L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.

14 AT89C52 m—————————
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Figure 9. Programming the Flash Memory

AT89C52

Figure 10. Verifying the Flash Memory

+5Y +5V
ATB7F52 T ATB7F52 9
ADDR. A0 ATyl Vee ADDR. A0 - ATyl by Veo ||
OOOOH/1FFFH PGM OOOOH/1FFFH PGM DATA
—» P20 - P24 PO [¢—— para P20 - P24 PO |-» (USE 10K
A8 - A12 A8 - A12 PULLUPS)
——» P26 —»| P26
SEE FLASH | —»{ P27 ALE [¢—— PROG SEE FLASH | —» P27 ALE
PROGRAMMING— PROGRAMMING "
MODES TABLE | —®| P36 MODES TABLE | — ¥ P36 s
L—» P37 —»| P37 "
XTAL2 EA [¢— V V0 > XTAL2 EA [«
324 MHz | I
XTALA RST j&—— Vv, I ~—{ XTAL1 RST |l&— Vi
GND PSEN |—— f GND PSEN —_]_
Flash Programming and Verification Characteristics
T, =0°C to 70°C, V. = 5.0 +10%
Symbol Parameter Min Max Units
Vept! Programming Enable Voltage 115 125 \
Ippt" Programming Enable Current 1.0 mA
MeroL Oscillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low 48te o1
torax Address Hold after PROG 48t ¢
toverL Data Setup to PROG Low 48te o
teHoX Data Hold After PROG 48te o1
s P2.7 (ENABLE) High to Vpp 48t o1
tshoL Vpp Setup to PROG Low 10 ps
tops Vpp Hold after PROG 10 us
teLeH PROG Width 1 110 ps
tavay Address to Data Valid 48t oL
e ENABLE Low to Data Valid 48tg o
tenaz Data Float after ENABLE 0 48teicL
tarbL PROG High to BUSY Low 1.0 ps
twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

P1.0 - P1.7
P2.0 - P24

PORT 0

taveL

ALE/PROG

EANpp
P2.7
(ENABLE)

P34
(RDY/BSY)

tSHGL

PROGRAMMING VERIFICATION
ADDRESS i,l ADDRESS
*— tavav
ﬂ DATA IN ) __DATA OUT
* toveL  toHox [¢ "
> tohax
teHsL
~LOGIC 1
_______ eco | ________
tELQV ’%l = tEHQZ

Flash Programming and Verification Waveforms - Low-voltage Mode (Vp=5V)

P1.0 - P1.7
P2.0 - P24

PORT 0

ALE/PROG

EANpp

P2.7
(ENABLE)

P34
(RDY/BSY)

16

PROGRAMMING ’ VERIFICATION
= I ADDRESS e 4’1 ADDRESS
e tavav
— — 'j DATA IN 74} ————DATA OUT
{tover  terox ‘
taveL == | tonax
fomal —toLa—"
, , LOGIC 1
v A N Loeic oy | ______
—# *—tensn Feiriirs] ‘:”‘ < teHaz
A { 4]
toreL —* r
X BUSY READY
Du—
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s A T89C 52

Absolute Maximum Ratings*

Operating Temperature. ............................. -55°C to +125°C *NOTICE:
Storage Temperature..............cccccooveeiinccnnnes -65°C to +150°C

Voltage on Any Pin

with Respect to Ground .. ....=1.0V to +7.0V

Maximum Operating Voltage ..o 6.6V

DC Output CUITENt.........ooioeieie e e 15.0 mA

DC Characteristics
The values shown in this table are valid for T, = 40°C to 85°C and V. = 5.0V + 20%, unless otherwise noted.

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
device reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 Vge-0.1
Vi Input Low-voltage (EA) -0.5 0.2 Vee-0.3 \Y
Vig Input High-voliage (Except XTAL1, RST) 0.2 Vec+0.9 Vect0.5 v
Vi Input High-voltage (XTAL1, RST) 0.7 Vee Veet0.5 \%
VoL Output Low-voltage'" (Ports 1,2,3) loL =1.6 MA 045 \%
Voui Output Low-voltage!" lo, =32mA 045 \
{Port 0, ALE, PSEN)
Vor Output High-voltage loy =-60 pA, Voo =5V £10% 24 \
(Ports 1,2,3, ALE, PSEN) e 075 Ve v
loy =-10 uA 0.9 Ve \%
Vout Output High-voltage loy =-800 pA, Voo =5V £10% 24 \%
(Port 0 in External Bus Mode) o = -300 A 0.75 Vo v
lop = -80 pA 0.9 Ve \
I Logical 0 Input Current (Ports 1,2,3) | V,, =0.45V -50 WA
I Logical 1 to 0 Transition Current Vin =2V, Ve =5V £ 10% -650 WA
(Ports 1,2,3)
Iy Input Leakage Current (Port 0, EA) | 0.45 <V, <V 10 uA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. =1 MHz, T, =25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 25 mA
Idie Mode, 12 MHz 6.5 mA
Power-down Mode(" Ve =6V 100 uA
Voo =3V 40 uA
Notes: 1. Under steady state (non-transient) conditions, |5, must be externally limited as follows:

Maximum |, per port pin: 10 mA
Maximum o, per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total I, for all output pins: 71 mA
If 1, exceeds the test condition, V, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V¢ for Power-down is 2V.

AIMEL
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Datasheet Flyback
Transformer

PART NO. : 6174V-6006E
BSC23-N0107
150112-12A

TYPE : Flyback
Transformer for LG
MC-019A

Place Of Origin
Anhui,China(Mainland)

Brand Name : SHANGHAI
Pin
NO. 1 2 3 4 5 6 7 8 9 10

COL | 185V | B+ | GND | -14V | +14V | NC | ABL | H/T | AFC

INSTRUM. | MAT | + | coL | | A| | 1| | 2| | 3| TYPE

STVDST-

01 36.6 3 1 8 4 110
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