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high strain in electric field at brush electrode from flyback switching transformer that has high
voltage 5 kV at frequency 15-20 kHz. Oxygen molecule (O,) is fission and become to ozone gas

(O,). Flow oxygen (O,) to system by pump 2 L / Min through air filter , heater size 220 V / 300
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ABSTRACT

W and silica gel to make dry air and then through this air to system .

From the result test with ozone generator, the ozone generator can produce average ozone

3.03 ppm. Ozone can applied in many purpose such as wastewater treatment, particularly to

remove heavy metal, color and kill germs in water etc.

And should be use under the IOA Standard (International Ozone Association, USA) in order

to safe user.
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YANADUINATD (DRI DUTO ) -192.5+0.4
R o0 I TaITe) -111.9£0.3
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AMUAUINOA(LUITEINA) 54.6
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anudouvesnsnatedu lo@ launass/lua) i -111.90C Lag -183 oC

3410 , 3650
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[V 4 o o o =] o '
M1ﬁ§§TU(ﬂ1ﬂNu'}ﬂ n) ﬂTi’Jﬂﬂ"lLL'E]“LI“]fE)'S‘ULL‘Uu“]fﬂ')'i“lfnﬂ'lﬂiu 30-60 mﬁ UAINTITINUAIBDYIY

00246



18
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@ 4 Qs il J L4
2324 ﬂ'ljﬂﬁﬂllf%,ﬁ]@ﬁuﬂaﬁﬂ Glﬁl’mmLL@‘UGBEﬁ‘ULLU‘LMi}ENﬁTSa%m&m@ﬂ“ﬁw

- [ 1 ) 1 o 1 J 4 9
nlid'léWmdregsoima wazih llaveenaina e uaes ULLUTU0IT0 2.3.2.3

= d o o), € Oy . @
3UN 2.1 urasgilnsald s umnuareg1an e To Tou

[ v v b7 Aad =4
2.3.3 MIMUIMANMINTUVD ) IB UG WITNIAN
[ aslia o =] oY A a
1.1 luan1zinasgiu (auau 760 Saawas dsen 25° €) dedunaiilsuns
(molar volume) 24.47 ans
a Y] v { g a @
1.2 YTinasalegeoimaninuniazase lasnalivzeylanldmileuaaizuasgiu
= WY (o 9 VY oy 9 o a =
W lildUSuud uadideemsaawgndosinaisdiulaamisinasemainz ATy
(24 a
Taol9nguosmsgauna ( The perfeot gas laws )
@ =1 = o a o IR 4 @
1.3 MsdSumeumsazaisle loau mulaandsinadunusvosle lousy le Teawy
(8ns1a3ulua 1:1) 1 100 Haaans vosasazaisanonlolofy 0.025 M Heuyi 1

k4
lulns@asues 0,/ Tadaas vwiileoToRAudadl

[100x10_6]
=

2

24.47
=4.087x10°

=4.09 JaAANT VB3 0.001 VOITIASAY I,



E4
1.4 U5 To Tauianua (luTasans)lu 10 Tadaas 91ua1nATIMLNIATEIY

3 a a as g
1.5 anududuves o, luanzuda (lulasdas/@as, o)

b4
a o a 1T a aa a aa =
0,= 15 O, MMiuA lllliﬂﬁa@’i@'ﬂhﬁﬁﬁﬁﬁ x 10 UDAAATVDITITQAN

1JSu1asa19e1981019 (8a3)
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a
UNN 3

ti [¢] =
NIRRT GIE 1Y,

3.1 marmmwasnuuazanylihildlumswanmalelau [21,[7]
[ 3A o A a v W a @ 3 ~ k%
% To T unfoMsINAIANITIUAIVBI00NTIAU 3 DLADN AN UAITNIEAI4
Tolwunne m3lindanuainnisuen e lilnszduliozaouvesoondioy (Oxygen Gas :
0,) uanuszoonuerAoNDATLYBIDBATIIU (0) HAIVITIUAY AaeonFiau (0,)
nanoitlule lau (0,)

o

TS @ s a A < 1 a =
BN wINNTZAUNG WL UBIoensanlug 3.1 wwmiuldleendnuiisyay
[ A [ [ d! a a [ Y [ EY Qli e
WasuNa R unaesEAugeonduna s uduiluTe Tau 18l 2 szau drudufe
Vv Y
0(p) taz O('D) YunsuMsa1e Te laulsznouals 2 Tuasu @ef1AD

a

[+ = : e
a) fﬂSLWIﬂIﬂi\‘if{?']\ii‘ﬂ!ﬁf}ﬂﬂ'l“ﬁ@@ﬂ“ﬁlﬂu@@ﬂl‘flu'ﬂzﬁl'ﬂuﬂﬁﬁg (Dissociation

'
Av A~ I

k4 Y
Reaction) Tunauiiae UgAsoiganasiy urnasnasauluauisennasuiaenissy
' @ ad = A = £ ' = =2 N
d1eneandenuvesdtanasounaeui luauin lihieznaiiddusieazitoase’ly
aaa A a 42’ a dg Ajghafbdrie Uy o 1Y) @ a 4 =
UgnTeninavunavLled1eau e un s L AUNG 1 IuYB 0BT ULA uaas luauN1S R 3.1

uag 3.2
e+ Oy(X" Y g) —> e+ O(CP)+ OCP) (3.1)
e+0y(BY u)—> ¢+ 0('D)+ OC’P) (32)

a a ~ @ T @, [ ~
BianaseudeslindinuuInn i1 wisnuiuszvedduanadisaingili 3.1
Tagilszinmne 0gluriei 6-9 eV 159 595.4 ki/mol 89131 700 kl/mol
asi=tas a Y @ 4 = 3
b) MIduAIvetezneuddsslude a) Auluanamweondgiauilule Taewu (Ozone

Generation)

O+0+M >0, +M (3.3)

A A o A I~ A £ g d 5 ' o o
1o M Ao ﬂWGﬁ@u@W%ﬁJu 02 3o N: GlNA“lJu 3" Collision partner YIUIATTIUIUNTT

Y
aaa IS

9 b4
el gaseitiedludiu 12 s uadenasszisie lugarwnardu q dies muisoifia

aaca 9 =t 5 =1 1 a Y T
‘lJ{(]ﬂiEﬂ‘UNLﬂEN“d]%\‘iLﬂHNm’ﬁﬂﬂ@ﬂﬁ%‘ﬂ'}l‘hmﬁNﬁ@ﬂ’)ﬂt“]ﬂﬂ



O+0+M - O, +M (3.4)
O+0, — 20, (3.5)
O+ 0, — 20, (3.6)

' '
Y =<

4 * { < 2 v W ' @
idie O] fie Tolsuianzgnnizdudnyme FulluanizEuueansiudissnieno fu o,
vnaunsh 3.3 Ugaserluaunmsy 3.4 uag 3.6 1Nae991NANUHU N UVDI0EABY

ponFRuUdaIzunnu 1

[ o a = ] () @ {
nnduIRuanss A unNaILYeeengay 31U 3.1 uaasldiiudigiundsnud

suiludosldan 493.2 Ki/mol 89 682.8 KJ/mol [2]

it
V (Energy Level) i
‘ eV KJ 7 mol
L ' 7.083 682.8
3 “’—5 6.176 595.4
5116 493.2
4475 431.4
L
on
2 o
)
-
b
g b5 1.636 157.7
Zds
@] * ol
—4- ey G.982 Q4.6

a Y sy o S =
30 3.0 1 du TRaaaas g AU NG UYRIB BN [2]

¢
PNTUNITUDIULIUIADIID

[P+%][V—b] — Rt

P = ANUANUIIONA (mm.Hg)
v = 151103591018 (m’/Kmol)
R = @u0112m 183 (8314.3 Pascal, m’/kmol K)

T =gl (K)
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nazInaun3 1A 1935 a0wWAaeegn (Trial and error) Wowilasvuianiioe Tualilg
YTnasmumanmsmaunilldedresgndes vz 1 (7]
11ua = 0.02455 m’
nndulfaaesedunasinveseondou 2] lumsaaionussysiondiay
kY 9y o =i
poniilu 0, Ae19WA9IU 4932 ki/mol 19 682.8 kl/mol
210 3.6x10° J= 1 Wh
3 [ a a Y 9 [ 5 Qy
mszaztulumsaaisnuszeondauesniuszasudass (0) dveldnasnusisau
137 Wh/mol 4 189.67 Wh/ mol
910 1 1ua =0.02455m’
v v v
mazaziulumsaaiswuszoondnuiiiuosaouddsy (0) dosldndsanunaau

> §47.7258 K Wh/m’

5.5804 K Wh/m
wainganemAllTnaeenFulsEual 20.95 %
v Yy ¥ A
MIzRsudn lgnaanady 1.619K Wh/m® 99 1.6185 K Wh/m’

=2 =1 J a (4
Junanedemsing 1o Tau luuniennis

NN W =l_"sE2dV
7

oW
W F= ot
19 2

1N W = 1.619 x 10" x V x 10° Wh : V = 1511059090108 ¥18 cm’

uaz € = €,=8854 X19,"

1:619%x10° x 2x10°

iD= =
8.854x 10 ~

=16.25kV/ecm

UAE 91N W=1.6185x10"x Vx 10° Wh

1.6185x10° x2x 10"

E= =
8.854x 10

=19.12 kV/em



wmrznziudoaldannnIdih 16.25 kviem 84 19.12 kV/em

k4 A o A
3.2 MIvenUULLAZMITS1nIRIn IHAla A
Tudanvounsosnan Tolauutiuilu 3 ¥a Ao MIPEALDDITZUL MIATENOINMAURY
druidesfemseenuuuaInFamneTdnnatonssTugInNdge uazd IR A INABA1S

a Q d‘
poRUDLYANADANAR 10 o Aegl #13.2

- Pl PP ek SH At e e S 4

4 : { Femperature

i ; control PARYT 1 i

; ‘

Pump {

C orana Iishcharge

| |
¢ brane Meter ‘
| !

|

1l

Resctior Chamber

PART 1

FixvbackSwitching Transformer ! l

| i 3 ot
? 10 - 15K\, 15 - 20 Kiis FMPARTS 1

4 <3 o 4 a
510 3.2 vaenleszunsumsianuveuniowan o lau [6]

) 4
3.3 ITUUAIYNBINALUNN

= U

AR = o o o o |

— (o= uln 5
1 ] 2

~ =) £
31 3.3 FTULRTENRINIAUNY
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1. Air Filter
2. Heater 220 V /500 W
3. Silica gel
4. Airpump 2 L/min
<2 9 A i Ay A= o
M179BALUUIZVUIATBNRINALA ANeR19aHuaze0d ANFUNTNIAYBIN A
A 3 v dyd ' a PEPN dgj =< a A o 9/
ieannfiaesedeliinanelsna lo lauitiavusiudenrugugmmrgivosoinieiedii 14
at a a4 A ° 2 ; '3 5
TolguinlafilSinanad TasnsdausuaineinmiarzgnaariuginsainsedoInia (Air
Filter) itofsaduuaz 1o Inardwvaniaiinnudouania 220v/ 500w g nieluvie
' 4 a v ' =
auamamduiIuguinas 2.9 wudwas Tasnisalrugulieinialvaiiuveduauad i
a = o 3 @ o
aunQil 70 seruaaFed Tagn1snIURNAITINGS luda1sn lunsaiuaunisaanisiheu
9 A o af o Ay Yo 3/ o J Y o
veayaadanNuieulelamngineszaun ldimuald mesluaasnezdareasmsiau
c.g/l ] aa d! aa ) Y ~ ds‘ tﬂ' T = g Y
NUIMIAE Tnakugan e Fagansasziininganuiu loruuitegatineg 18
o & 4 = & Y As o A4 v
eimanlgurgiasivas lulinnudu uazldermaniicasinis lvansii fessin 18ty
4 Ny Ao 1 = T ) & Ay v =
omadleilueimengnsims lva 2 Aasaouii lumsgaeimaveeiniah Ideinsz uuns ou

emauizgndeiunesa lnuldeganan To TouunuIa Isudamnsa

3.4 MIveNUUUYAiaeaNan D

High ypltage

U 3.4 vaoanaa o Toy

%A OZONE GENERATOR 1/52n01A2¢
1. STAINLESS STEEL
2. GLASS DIELECTRIC

3. BRUSH ELCTRODES
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9/ a

a < Y
lumsesnuuugarasaninle lau Tdmseenuuudian InsaununIINszuoNGoU

@ ~ 1 [ 4 o &

1 1 i ) =1 d' o =
HAUIIY Lmﬂ']ﬁ'E]?Jﬂ&L‘lJU%Z&}@QﬂTﬁQSQﬁﬁﬂﬂN@ﬂiuQﬁﬁ'Iﬁﬂiiil UAagNaIAYADIATUION

Q U v

Haq Y [ A o £ Y a =) Y
yuranildeglugaaimnssy Yaginiunldlumsadegavasanaalelaufe uia uas

=

A A o Y ¥ R o o & Y Y v o {y ¢ A Y
aueuae £3J@Lﬁi’]ﬂ'?lﬁﬂ "lmmammmmmmzwaaammuimmﬂmaﬂﬂﬂmaﬂmlﬂf

L ¢

dqiudionld

' % v
AA o aQ A £

v Y g oA P = a
-uf [71 mazudailuasetiunidmes luwaadn AUFulsz@ninsvereaadii nu
J A o ' { o e o 1 '
anufeuldge Uszaoudiveenlud sio,Adudeou Amsfinuiudusing (€ oglurae 3.s

a @ 1 ad a A { = Ao
899 Imwasnugaailadianasn 0.005 —0.01 vdiswniigaiaiudal anuamny

a

Tl 3000 19 5000 kV/em azanaUMADATIHTINYUKNH 100 ° C

U

- duauad w312 auaueaaNIsonuaelfasouail 14a
aa aa P= o @ 4 a
- P19%A LAY FANBUBLABVUINUAUT 4 AA16AUATS VO UBLADUIIAIUTALNA
a v Jd an a 4 [ [ 9
woaiwes 18 lagldiuse Tnnaud 38 lau woawos anulveesvoslaseadraiy

i
Si-O
|

X/

e x uay ¥ o1viluezaenves lelasiou wiensisia wuwajmiia (CH, ) niewy
= & a o 4 a Jd aa A aa 31’ =1 aa a
Wila (CH, ) MiTon2neaes 44a lau wiesa lautudeieigansunazeondiauly
Y < o aa a2 S ~ aa = l{e’/’
Tassauiluvdn 38 landara Tawesnsssuangaluussalsa laudaid lames ianaty
A av a X g ~ 7 ﬂ v = [
fio Wed lawa (polydimethyl siloxane) lagh x “uag x Wungwiia Asgas

&
Si-O
l
CH; In
a 4 a < P a gy 9 ey e o
WOALUBDITIUITDLNA cross — link UL@WQMﬂQMH@Qﬂ')UﬂWﬁmil@u"lﬂ@m@i (initiator)
Y

wu iy ledanlefeen lad deeginl§Asodunymiiansaosdsnmsfuialslason

[

a [~ o A 2 : aa o A 1 Y a a Sy v
ponu tNaTuddey Si-CH,-CH,-Si  Fa laud1duq a1msavulfifadunedues 1da

[

a g 2 g Y a  w da an = { o
gunilgedu (50-150°C) Fedupgiunandaaiidesnis1d e1ada lauiide ldnlSouiidida

]

A 9) 1 Qd‘ Y = o 1 a aaa =S aa
Ao asnldanluyigunginnde (-100 89 250°C) nuaemsiad{asvuail 1938y
o v o <] <
TdmSuihda unou dzifu auauldh Sudu
= 1 = 2 %} o a
- Teflon HANUNUABMI ANYTD ANUANE uaz lFnunTigungiige

- Superlene-ultra high 1% 1ua1UNABINTANUAY MTle7 aznuaen I Fuad
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4 v
lulasesauiiidonld Superlenc-ultra high ¥uiurhaseunszuennan Te Tanuilodain
~ FIN) ' 1 < a Y L7 [ a aaa ~
inmgouazm ldnendua luanudueswdins 14 Teflon nsgnudemaiial §azeuni

18 superlene-ultra high

3.4.1 BANINIAUVUNITINTLUBAABUUAUI IN [4],[5]
aa [ a aad
M1308NUUVBLIAN INIAZINTINTZUONFOULAUTINNITUIIAAITOBALULHAT
= 5 > v ' 4 a v 9
IM12 @Y (Option dimension) Y0437 r, Uaz r, uaMseoNUULAToINAR 10 Touve 1dndannis
fin doanisTAusedud (v, Fafe v, ) iioadreanunionga (E) aufisanaildoinauan
v a 4ad A o A v oA A
da deuou lvasdlunmseenuuufesaiinsensyuenuen () osansenszUensow
~ < o ' & Po—p) oA
uenfininaMnneduauad Faianuiitaludurmnaninda lunisgaaivnisy ais
A an Y o =8 = $ ¥y = oy A
IADNUAYDINTINTTUBAN ILABIANDINITOBALULULRUIY 2 FUA Y T9ADUADNNTINTZUBN
< { @ = v 1

UBN RUIUVBILUUANIINTEUDN Tumae duny THlinnunievesresonaunnii 1

] = @ ' = " T a [ v a
mm. 1andesluvaziieiiy dedliiuanunsoafinnaseouusnaresinenaiaigadae

3.4.2 msnszaevesaunlvvhandbnlasafiesnuuy

aat A 9/ A o :/1 A = a d a ' % A 1
QﬁﬂiGﬁiuﬂWEi’]ﬂﬂLLU‘Uﬂ@u"Iﬂu’J‘L! 2 ¥U llﬂ'lﬂ\?'ﬂ‘lﬂi’ﬂaﬂ‘ﬂiﬂﬁ"I\‘]ﬂ“l«!ﬂJH‘WiJﬂ"l

= d' 1 a d‘d 1 dl Yt v =~
ﬂ’J'liJLﬂﬁEJﬂ’d‘lﬂllvl?‘lﬁﬁ’lﬁﬂﬂiﬂuﬂil’lmﬂ‘tﬂu‘V]iJﬂWﬂ\‘l‘ﬂGﬂﬂ’) 1W3Jﬂ'lﬂ’ﬂulﬂiﬂﬂﬁu1llll‘ﬁ|‘ﬁ1

1 a é o o EY
ganhnd [7 1 gsmsdaumsnsz neauan i luaususawisadmuaa ldnnaums

gEEV

z 3 (3.7)
% 2
e, [81 In‘—+82 1n—]

& 4

e

fviual

= anuassaany IWiIng LY X M19e kV/em.
1 da aas 051‘ d's}

= autlosuaalnvesnuiulud U uIUNAnIng

i da aac Y
= mrﬂ@smmmmmmuum

Mmoo

(&)

1 da aas
= aulesunAInveIeIN A

<

= useau v (ac) N1 Volt

€

#l X Y128 mm.

v A 3

ANveLNI (3911) 11438 mm.

N

T =

._*
Il

Y] 9 1
iﬁﬁﬂlﬂfiuﬂ’l (3uUon) YUY mm.

-~
Il

- Safvesauauan (19lu) YUY mm.
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AN

) 9y WIRIUIN 1HORINITRENUUDIAs YT U g
a a LY 4 1 1 [ a 9 s 4
Uszansaindlenanns IWiussaenielu e lddigdenismidagauulias vy

U

N1500NLUUAINIDITAN
o g o Yyad Av A Y=
drurald Tleaosvuald sanlasaiisainioly 1.2 cm. SEN1oUON 1.485 cm. AUV

3 3 A 9
RAUIAUUYY 0.1 cm. ANUHUIVBIRUIUDINIA 0.185 cm. amummzwwﬂl%ﬁmsm (8r =9)

o - KIRGAR
LN
= e GLASS
Ny N
N,

\

/,/':’ j" 08
i Vo4
i I"J ,-"" \\ "\f e
{ B )
| ( | 3
l 2
l'. “. ") ,“l
\
hy / j/ /
4 b2
e ¥ 4/
NEL § e QN
\ o et __/

311 3.5 amdevnauaasdumisanunseaguy Wi

8ianlasA (D, =2.4 cm. ; D, =2.6 cm. , D, = 2.97 cm. ) 617 29.5 cm.
T —r XL = TU(1485 —13)x 29.5
=47.74 cm’

suasenmanieluuniae
1.169 x 10" x 47.74 % 10° = 0.0558 W-h

1.6185 x 10" x 47.74 x 10° = 0.07726 W-h

GIUNTIY
=4
13N
EeV
0 E = -
8 r
re e o teint]
I r
2
81 E, = 16.25 kV/cm
I; r
E2r| € ln'—-l—Sz In—
L I
2 2 1
€

1

%



. 1.489 1.3
(16.25x10 )(1.3) 9In——+In—

1.3 1.2

=2.998 kV/cm

81E,, = 19.12 kV/em

- 1489« 13
(19.12x10 )(1.3) 91n +In—

1.3 1.2

=3.528 kV/em

v v
aeugunssnuneglugunnaafio  2.998 kv 7113.528 kv
grunszud Wi ldde 16.25 kV/em 94 19.12 kV/em

HIUNGIUAD 0.0558Wh D49 0.07726 Wh

3.5 nstaenisziAnvee BRUSH ELECTRODES [7]
13y [7] navesannuaiman e nisads To Ty Tugtiunee q v 3
wuy murtevesay ihnnae e e liasivase @ sy Wi adwruedniios

an uazawy i laivauege am Tugii 3.6

b)

51 3.6 SianTasaaunlwfhuovadivase @ s ihaivauednideos an
vazauw lWdh Tasiuanegs (o
ad 5 a y v
a) uradianTasan 3 yia luyuuesandiudig

vy
adg o a
b) uadian Iasaia 3 wila luyuuesnndiuny
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T ' a g ~ [ [
ayl1daglsdidnlaseiifuszuivuuiudnsaza Inauuodatounan v
a a d A v
HAWAAZIEA uazaINMIanaane 71 msldgadanlasauuuldarounan@es uazuuungy

aeuviay

@ @
l |

{ |
L i

a) b)

A aa @
311 3.7 yedian Iasauuylmesuraniuss

Q

wuNdnsuzyasian lasauuunguatouanszliuamanaa lolow 1dluSinan

nnnlusgduusduReInuissadulefion BRUSH ELECTRODES nuunguiatoinvay

3.6 Jnssasveunsesnuiialelasy
nnngeRnnandduiaden 3.1 wagmseenuuuluiaden 3.2 - 3.5 i ldau

d’ o =) 73 ds'
veunI IR To Tyuail

3.6.1 YAUASEHOIMANRS

A = ; v
31N 3.8 yaumIonoINeR g
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1. voguauad Al = 35 om
2. #A3 (heater) 220V /500 W
3. Fanuea

4. a2 das de wi

a L'd
5. Twauos1a?

3.6.2 yariavanan)eluy

Q)

)

31N 3.9 yariapananlelay

ad < o [
1. 91an IAsANIINTLUONNTINATIINAUAUIAE SAN 3= 145 cm
ad A o [ EP=1
2. adnlasadatouvan S uauaundivul 2.2 mm.  SAU9UBN 12 = 1.3 cm SPI%
2311 r1=1.08
3. 52ezunUoINIf = 0.15 cm
4. ANUYII = 29.5cm
I~ Y
5. awauveauduiluud

1.7 00 [ 1 aa
6. w’e)mmmﬂu‘mmaiﬂau



=
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A A d w
GRIGNNANEGREE A AR

\i )
4.1 A1
e d w 1 1 [ [ =& a A o
AInFUNINDsFNNATT U391 THA T 9A9A S ST ULV TS AINFUNUIDS
) P=} £ g =) e =1 gl ) a Y =
Frwaneivinavesnyeutlasan tlse@nsaings uaziimiinun SuEINLUNININ
4 a d a 4 & 1 [ { o w [~
Tuesedldmiannsetindnnlszian Fedosmsuvasiie Idldsdenuldguaziivunadn
9
o)
o o [V (] 3 ~ o ' 2 o"”
Jashimsdaneuuseiulifhesndlugieg  sueaBendud  “aasveilinles
7 S ° o Ry ) = Y a
(Chopper)  ABUNDIMBIANMITHOIUIUGNEMARRensLuAazus AU 11293 1Weldinag
1 @ 1 o - ° v 1) <}
A1TOIUNHAINUHIUA NN TE2T saznanusau ldaudosmsasonumiumsisen
' r's 1 J v o (] <] o ot o [~ {a
“Apule5mes” 11 “wedinles” IRudu sdielsdmu a1 <wveiilasr oz hilunioy
1n
4 @ [ 9 s a d o 9 A a o ~a v
asuesmeTa Inez IwinesniuFmaesiininiaing  edaasnszualy
I~ S A o v os.: 1 a a - ~ o Y
wsuaziunmisaagenianualunisdndogeniaud 20200  fAladsag  nrshee il
' a < o 9 I [l t:?‘o 9 9 Jd a 7 o 9
s nIuFmaesau la ludnsazwuis ududedldmnosns g maesiinseuala
] 4 A =~ & 4 4 a J
sthaduiluanzdudy  (“ON”)  uaznganszua luueaiie ImInesn T a5 vga
) v w o 4 I ¥
WNszued(“OFF?). aduinll mounesmeseniimatanuield luieauagngalunea’ld
9 [ o [ & a 4 = 4 L [ dy'
Aot las ludeelinsasooagiames HATITITUNABUNDTADT IUANHULHN
4 A S A - A ¢
“HANDAHANT  ABUNDTINDST” (Self Oscillating  Converter) N30 SINEINFUNUIDS
@ Pa o o yl E( a Qy < @
Fwnatenldnouesmosuuuin “eaiooadiaf I EUNA1E” (Self Oscillating
D P 79 Y a 7 P <7 ey P s
Power Supply : SOPS) A159AADLIIDILADS MHNAFANDDAFIAAILI 1 ADUINDSIADS 1)
D) Yt o o o Sy 1Y ' o w v KR & da 9
agnad wazamsalsnu ldadimsuseunosimes lidssnesidsgain Jufluiienld
AULIN
-4 2= ] d?/ "o [ [ d! =1 =
ABULIBILABI NOYMABU LA URYAUANHAULNTIANITMY LT aI0UUY Ao
4 4
1. WlaeuuAnUBsIReS (Fly back Converter)
dad Jd o
2. WosITAnDUNIBTINDS (Forward Converter)
o 4
3. WY-NaNDUIBTIABT (Push-pull Converter)
o o 4 o s
4. an-UTAIN0UNBTIN OS5 (Half-Bridge Converter)

5. Y|a-u5AsAPUINBTIABS (Full-Bridge Converter)
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by 2N3055/D
NPN
- 2N3055*
Complementary Silicon Power PNP 4

Transistors

- . . designed for general—purpose switching and amplifier applications.
e DC Current Gain — hFg =20-70 @ Ic = 4 Adc

e Collector—Emitter Saturation Voltage —

VCE(sat) = 1.1 Vdc (Max) @ Ic = 4 Adc

* Excellent Safe Operating Area

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector—Emitter Voltage VCEO 60 Vdc
Collector—Emitter Voltage VCER 70 Vdc
Collector-Base Voltage Ve 100 Vdc
Emitter—Base Voltage VEB 7 Vdc
Collector Current — Continuous Ic 15 Adc
Base Current B 7 Adc
Total Power Dissipation @ T = 25°C Pp 115 Watts
Derate above 25°C 0.657 wi/°C
Operating and Storage Junction Temperature TJ. Tstg —65 to +200 °C
Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rgic 1.52 °C/W
160
& 140
=
=
g 120
=z
S 100 N
=
1]
%]
fa)
x 60 I
R
g 4 SN
0
0 25 50 75 100 125 150 175

T, CASE TEMPERATURE (°C)

Figure 1. Power Derating

Preferred devices are Motorola recommended choices for future use and best overall value.

© Motorola, Inc. 1995

200

MJ2955

*Motorola Preferred Device

15 AMPERE
POWER TRANSISTORS
COMPLEMENTARY
SILICON
60 VOLTS
115 WATTS

CASE 1-07
TO-204AA
(TO-3)

MOTOROLA
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2N3055 MJ2955

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

L Characteristic Symbol l Min l Max ! Unit l
*OFF CHARACTERISTICS
Collector—Emitter Sustaining Voltage (1) VCEOQ(sus) 60 — Vdc
(Ic =200 mAdc, Ig = 0)
Collector—Emitter Sustaining Voltage (1) VCER(sus) 70 — Vdc
(Ic = 200 mAdc, Rgg = 100 Ohms)
Collector Cutoff Current IcEO — 0.7 mAdc
(VCe =30 Vdc, Ig = 0)
Collector Cutoff Current ICEX mAdc
(VcE = 100 Vdc, VBE(off) = 1.5 Vdc) = 1.0
(VCE = 100 Vdc, VBE(off) = 1.5 Vdc, Tc = 150°C) ) 50
Emitter Cutoff Current IEBO — 5.0 mAdc

(VBE = 7.0 Vdc, Ic = 0)

*ON CHARACTERISTICS (1)

DC Current Gain hFe —
(Ic =4.0 Adc, VcE = 4.0 Vdc) 20 70
(Ic = 10 Adc, Ve = 4.0 Vdc) 5.0 —

Collector—Emitter Saturation Voltage VCE(sat) Vde
(Ic = 4.0 Adc, Ig = 400 mAdc) — 1:1
(Ic =10 Adc, Ig = 3.3 Adc) 3.0

Base—Emitter On Voltage VBE(on) x 15 Vdc
(Ic = 4.0 Adc, VcE = 4.0 Vdc)

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased Is/b 2.87 — Adc
(VCE =40 Vdc, t = 1.0 s, Nonrepetitive)

DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product fr 24 — MHz
(Ilc =0.5 Adc, Vg = 10 Vdc, f = 1.0 MHz)

*Small-Signal Current Gain hfe 15 120 —
(lc =1.0 Adc, Vcg = 4.0 Vdc, f = 1.0 kHz)

*Small-Signal Current Gain Cutoff Frequency fhfe 10 — kHz
(VcE =4.0 Vdc, I = 1.0 Adc, f= 1.0 kHz)

* Indicates Within JEDEC Registration. (2N3055)
(1) Pulse Test: Pulse Width < 300 pus, Duty Cycle < 2.0%.

2N3055, MJ2955

20 T
<< 50 us
= 10 s 1\;\ N There are two limitations on the power handling ability of a
= = ST DN transistor: average junction temperature and second break-
B TS ~ N NN q e Byt
= A B v - down. Safe operating area curves indicate I — VCE limits of
g el A RN Y the transistor that must be observed for reliable cperation;
5 500 us N i.e., the transistor must not be subjected to greater dissipa-
o2 250 ps — N i indi
x S N tion than the curves indicate.
5 \\ The data of Figure 2 is based on Tg = 25°C; T J(pk) Is
_LL;‘ 1 variable depending on power level. Second breakdown pulse
S o6k ] limits are valid for duty cycles to 10% but must be derated for
5 liw e EODNE WIREL T 3 temperature according to Figure 1.
“# [ ———THERMALLY LIMITED @ T, = 25°C (SINGLE PULSE)
I SECOND BREAKDOWN LIMIT 7]
02 1 1 1 3 1 1 1 d 4 1
6 10 20 40 60

VeE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 2. Active Region Safe Operating Area

2 Motoraia Bipolar Power Transistor Device Data
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NPN PNP
2N3055 MJ2955
500 ] 1 200 = T T 11
i Il VCE=40V ] el Ll l l T Veg=4.0v |
TJ =150°C —— \\\T‘] =150°C
200 I ~] — 100 25.00 I~ N
E= 25°C q = | -
(G — \ o BEE = N R
2100 i — £ T0F—-55C ~
g 10 -55°C e D 5 RS EERN
€ 50 S [ ~ N
= =)
(&) (&) ~N N
Q 30 Q 30 N N,
a D_ \\ \\
w20 w
£ £ \:\
10 ™
7.0 N
5.0 10 -~
0.1 020320520710 20730 50 70 10 0.1 02503 05 07 1.0 2.0:.3.0 50 70 10
Ic, COLLECTOR CURRENT (AMP) Ic, COLLECTOR CURRENT (AMP)
Figure 3. DC Current Gain
@ 20 N 2/79 [l
<] Ty=25°C | S Ty=25°C
W16 416
é Ic=1.0A 40A 8.0A E Ic=10A 40A 8.0A
g g
or 12 x 1.2
i E \
% \ \ E —
g 08 \ \ % o8 \
S 2
[&] P—] (&) ~
3 04 \ N A -
5 N ~N N
o) 4 N
[&] O A
] w S
L2999 £ 0
5.007:105 20 50 100 200 500 1000 2000 5000 508\ 100 20 50 100 200 500 1000 2000 5000
|g, BASE CURRENT (mA) |g, BASE CURRENT (mA)
Figure 4. Collector Saturation Region
14— 20 T
12—TJ=25°C L Ty=25°C
: // 16 7
@ 10 A o
5 B> &d 2 i
> e 1 o 12 =
5 [ Vera@le- 10 = el da
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< L1
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=04 = = /I
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i Vcegsat) @Ic/ig=10 e 0 -
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Figure 5. “On” Voltages
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PACKAGE DIMENSIONS

fe—— A ———»

,<— N NOTES:
L_ji_ 4

1. DIMENSIONING AND TOLERANCING PER ANSI
C Y14.5M, 1982.
t _T—] SEATING 2. CONTROLLING DIMENSION: INCH.
E “ PLANE 3. ALL RULES AND NOTES ASSOCIATED WITH
REFERENCED TO-204AA OUTLINE SHALL APPLY.

e e |
—lle—D2p. K

INCHES | MILLIMETERS
[$20130005@[ 1] @Y ®] DIM[ WMIN | MAX | MIN [ MAX

A | 1.550REF 3937 REF
U B| —[100] — [ 2887
< L c | 0250 | 0335 | 635 | 851
D | 0038 [ 0043 097 | 109
E | 0055 [ 0070 | 140 | 177

B G | 0430BSC 1092 BSC

H | 02158BSC 546BSC
¢ K_| 0440 | 0480 | 11.18 | 1249

L | 066585C 16.89 BSC
N] — Jos0| — | 2108
Q| 0151 [ 0465 | 384 | 419

Iﬁ]@ 0.13(0.005)®| Tl Y @1 U | 1.187BSC 30.15 BSC
v | 0131 [ 0188 | 333 | 417

STYLE 1:
PIN1. BASE
2. EMITTER

CASE: COLLECTOR

CASE 1-07
TO-204AA (TO-3)
ISSUE Z

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD—JLDC, Toshikatsu Otsuki,
P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441—2447 6F Seibu—Butsuryu-Center, 3—14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAX()V@emaiI.sps.moLcom — TOUCHTONE (602) 2446609 HONG KONG: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET: http://Design—-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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&National Semiconductor

CD4093BM/CD4093BC Quad
2-Input NAND Schmitt Trigger

General Description B Equal source and sink currents
1 imit on input ri fall tim:
The CD4093B consists of four Schmitt-trigger circuits. Each = g:;::'r dog-lgs:e:?)ita:? draivel v
circuit functions as a 2-input NAND gate with Schmitt-trigger 2 g P i G
action on both inputs. The gate switches at different points ™ Hysteresis voltage (any input) Ty = 25°C

for positive and negative-going signals. The difference be- Typical Vpp = 5.0V Vy = 1.5V
tween the positive (V1) and the negative voltage (V1) is Vpp = 10V Vy = 22V
defined as hysteresis voltage (V). Vpp = 15V Vy =27V
All outputs have equal source and sink currents and con- Guaranteed Vy = 0.1 Vpp
form to standard B-series output drive (see Static Electrical
Characteristics). Applications

& Wave and pulse shapers
Features m High-noise-environment systems
® Wide supply voltage range 3.0Vto 15V m Monostable multivibrators
® Schmitt-trigger on each input m Astable multivibrators

with no external components B NAND logic

B Noise immunity greater than 50%

Connection Diagram

Dual-In-Line Package
Voo H G M L F E

14 13 12 1 l 10 l! 8

TL/F/5982-1

Top View

Order Number CD4093B

©1995 National Semiconductor Corporation TL/F/5982 RRD-B30OM105/Printed in U. S. A.

1366111 Nwyss ANVN induj-z pend 0ge60vad/NEE60YAD
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Absolute Maximum Ratings (otes 1 &2)
if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

DC Supply Voltage (Vpp) —0.5t0 +18 Vp¢
Input Voltage (Vin) —0.5to Vpp +0.5 Vpg

Recommended Operating

Conditions (note 2)
DC Supply Voltage (Vpp)
Input Voltage (V)

Operating Temperature Range (Ta)

3to 15 Vpc
0to Vpp Vpc

CD4093BM —55°Cto +125°C
Storage Temperature Range (Tg) —65°Cto +150°C CD4093BC —40°Cto +85°C
Power Dissipation (Pp)
Dual-In-Line 700 mW
Small Outline 500 mW
Lead Temperature (T|)
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics cp4093sm (Note 2)
—55° +25° +125° ;
Symbol Parameter Conditions 20 . 230 Units
Min Max Min Typ Max Min Max
oo Quiescent Device Vpp = 5V 0.25 0.25 7.5 pA
Current Vpp = 10V 0.5 0.5 15.0 | pA
Vpp = 15V 1.0 1.0 300 | pA
VoL Low Level Vin = Vpp, llof < 1 pA
Output Voltage Vpp = 5V 0.05 0 0.05 0.05 \Y
Vpp = 10V 0.05 0 0.05 0.05 Vv
Vpp = 15V 0.05 0 0.05 0.05 \'
VoH High Level VIN = Vss, ||o[ <1pA
Output Voltage Vpp = 5V 4.95 4.95 5 4.95 Vv
Vpp = 10V 9.95 QA5 10 9.95 \%
Vpp = 15V 14.95 14.95 15 14.95 v
Vi— Negative-Going Threshold | |lg] < 1 pA
Voltage (Any Input) Vpp =5V, Vg = 4.5V 1.3 2.25 1.5 1.8 225 1.5 2.3 \
Vpp = 10V, Vg = 9V 2.85 4.5 3.0 4.1 45 3.0 4.65 \
Vpp = 15V, Vg =135V | 435 | 6.75 | 4.5 6.3 6.75 4.5 6.9 \'
vt Positive-Going Threshold | [lo| < 1 pA
Voltage (Any Input) Vpp = 5V, Vg = 0.5V 2 48) | LSBT 3.3 35 2.65 35 A"
Vpp = 10V, Vg = 1V | & D 59 6.2 7.0 5.35 7.0 \'
Vpp = 15V, Vg = 1.5V 8.25 | 10.65| 8.25 9.0 10.5 8.1 10.5 v
VH Hysteresis (Vt+ ~ V1~) | Vpp =5V 0.5 2351205 4.5 2.0 0.35 2.0 \"
(Any Input) Vpp = 10V 1.0 4.30 1.0 22 4.0 0.70 4.0 Y
Vpp = 15V 1.5 6.30 1.4 2.7 6.0 1.20 6.0 '
loL Low Level Output ViN = Vpp
Current (Note 3) Vpp = 5V, Vg = 0.4V 0.64 0.51 0.88 0.36 mA
Vpp = 10V, Vg = 0.5V 1.6 1.3 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 4.2 3.4 8.8 2.4 mA
foH High Level Output VIN = Vss
Current (Note 3) Vpp = 5V, Vg = 4.6V —0.64 0.51 | —0.88 —0.36 mA
Vpp=10V,Vp =95V | —1.6 =13 | =225 =03 mA
Vpp = 15V, Vo = 135V | —4.2 —34| -88 —24 mA
N Input Current Vpp = 15V, V|y = 0V —0.1 —-10-5| —0.1 —1.0| pA
Vpp = 15V, Viy = 15V 0.1 10-5 0.1 1.0 pA

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices
should be operated at these limits. The table of “Recommended Operating Conditions™ and “Electrical Characteristics” provides conditions for actual device

operation.
Note 2: Vgg = 0V unless otherwise specified.
Note 3: Ioy and Ig_ are tested one output at a time.
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DC Electrical Characteristics cp4s3sc (Note 2)

—40°C +25°C +85°C
Symbol Parameter Conditions Units
Min Max | Min Typ Max | Min Max
(5%} Quiescent Device Vpp = 5V 1.0 1.0 7.5 pA
Current Vpp = 10V 2.0 2.0 15.0 | pA
Vpp = 15V 4.0 4.0 30.0 | pA
VoL Low Level ViN = Vpp, llol < 1 pA
Output Voltage Vpp = 5V 0.05 0 0.05 0.05 \
Vpp = 10V 0.05 0 0.05 0.05 \Y
Vpp = 15V 0.05 0 0.05 0.05 \
Vou | High Level Vin = Vss, lio] <1 pA
Output Voltage Vpp = 5V 4.95 4.95 5 4.95 v
Vpp = 10V 9.95 9.95 10 9,95 \
Vpp = 15V 14.95 14.95( 15 14.95 \Y
Vr= Negative-Going Threshold | [Io] < 1 pA
Voltage (Any Input) Vpp = 5V, Vg = 4.5V 13 2.25 1:5 1.8 2.25 1.5 2.3 \
Vpp = 10V, Vo = 9V 2.85 45 3.0 4.1 45 3.0 4.65 \
Vpp = 15V,Vo =135V | 435 | 675 | 45 6.3 6.75 4.5 6.9 \"
Vit Positive-Going Threshold | |io] <1 pA
Voltage (Any Input) Vpp = 5V,Vp = 0.5V 275 86,/ 275 3.3 a5 2.65 3.5 \
Vpp = 10V,Vg = 1V 6. 5! A | ~5.5 6.2 7.0 §.35 7.0 A
Vpp = 15V, Vg = 1.5V 8.25 | 10.65| 8.25 9.0 10.5 8.1 10.5 Vv
VH Hysteresis (Vt+ — V1—) | Vpp = 5V 0.5 2.35 0.5 15 2.0 0.35 2.0 \%
(Any Input) Vpp = 10V 1.0 4.3 1.0 22 4.0 0.70 4.0 Vv
Vpp = 15V 1.5 6.3 "o B, 6.0 1.20 6.0 \
loL Low Level Output Vin = Vpbp
Current (Note 3) Vpp = 5V, Vg = 0.4V 0.52 0.44 0.88 0.36 mA
Vpp = 10V, Vo = 0.5V 1.3 e 2.25 0.9 mA
Vpp = 16V, Vg = 1.5V 3.6 3.0 8.8 2.4 mA
loH High Level Output ViN = Vss
Current (Note 3) Vpp = 5V, Vo = 4.6V #H6a 0.44 | —0.88 —0.36 mA
Vpp = 10V, Vp = 9.5V G it (225 —-0.9 mA
Vpp = 15V,Vg = 135V | —3.6 Q.04 —©O —24 mA
i Input Current Vpp = 15V, Vjn = OV —-0.3 —10-5| —0.3 —-1.0| pA
Vpp = 15V, Vjy = 15V 0.3 10-5 | 0.3 1.0 | pA
AC Electrical Characteristics*
Ta = 25°C, C|_ = 50 pF, Ry = 200k, Input t;, t = 20 ns, unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units
tPHL, tPLH Propagation Delay Time Vpp = 5V 300 450 ns
Vpp = 10V 120 210 ns
Vpp = 15V 80 160 ns
tTHL tTLH Transition Time Vpp = 5V 90 145 ns
Vpp = 10V 50 75 ns
Vpp = 15V 40 60 ns
Cin Input Capacitance (Any Input) 5.0 75 pF
Cpp Power Dissipation Capacitance (Per Gate) 24 pF

*AC Parameters are guaranteed by DC correlated testing.
Note 2: Vgg = OV unless otherwise specified.

Note 3: oy and I are tested one output at a time.




Typical Applications

Gated Osclllator

CONTROL Voo
N )o Vour
“ CONTROL

c
T o =

TL/F/5982-2

ov
Assume ty + tp >> tpy + tpyy then:
to = RC #n [Vpp/Vr~] Voo
t1 = RC Zn [(Vop — V17)/(Vop — V1)l
to = RG £n (vr*Vy-1 Yoy,
cosual 1 % |
t+tp "
V1+) (Vpp — V1~
RC £n¥1) Voo — V17) et Ay 1
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Gated One-Shot
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0 Vi
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(a) Negative-Edge Triggered
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(b) Positive-Edge Triggered




Typical Performance Characteristics

Typical Transfer
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CD4093BM/CD4093BC Quad 2-Input NAND Schmitt Trigger

Physical Dimensions inches (millimeters)

0.785
{19.939)
MAX
ot [q 5] (7] [ [ [31 [e]
(0.635)
RAD 0.228 0.310
(5.580-7.874)
DT T2 o [eT TeT [eT [
0.290-0.320 0005 o 0.200
{7.366-8.128) (0127) | GLASS  0.060:-0.005 . GO
£ |SEALANT 528 -0.027) _ MAX g pg0-0.060
X | e o | : BT 1 eva
*.572) 1 |2 | i i
95° :5° 8594 Typ Y I
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(2.488) (3.175-5.080)
MAX BOTH ENDS 0.100 0.010 0150
(2.540 +0.259) “T”
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

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

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

National
Corporation
1111 West Bardin Road

Arlington, TX 76017
Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

Europe
Fax: (+49) 0-180-530 85 86
Email: cnjwge@tevm2.nsc.com
Deutsch Tef: (+48) 0-180-530 85 85
English  Tel: (+49) 0-180-532 78 32
Francais Tel: (+49) 0-180-532 93 58
ltaliano  Tel: (+49) 0-180-534 16 80

National Semiconductor
Hong Kong Ltd.

13th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

National does nol assume eny responsibiity lor use of any circuitry described, no circuit palent licenses are implied and National reserves the right et any lime without notice 1o change said circuitry and specifications.
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by P2N2222A/D

Amplifier Transistors
NPN Silicon P2N2222A

COLLECTOR
1

BASE

3
EMITTER

MAXIMUM RATINGS
Rating Symbol Value Unit 4

Collector—Emitter Voltage VCEO 40 Vdc 3

llector—Base Voltage v 75 Vdc
Solleche Do vollag Cpo CASE 29-04, STYLE 17

Emitter—Base Voltage VEBO 6.0 Vdc TO-92 (TO-226AA)
Collector Current — Continuous Ic 600 mAdc

Total Device Dissipation @ Tp = 25°C Pp 625 mW
Derate above 25°C 5.0 mW/°C

Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts
Derate above 25°C /12 mWwWy/°C

Operating and Storage Junction Ty, Tstg —55 to +150 °C
Temperature Range

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit

Thermal Resistance, Junction to Ambient RoJA 200 °C/W

Thermal Resistance, Junction to Case RgJc 83.3 °C/W
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

L Characteristic Symbol | Min | Max I Unit |
OFF CHARACTERISTICS

Collector—Emitter Breakdown Voltage V(BR)CEO 40 — Vdc
(fc = 10 mAdc, (g = 0)

Collector—Base Breakdown Voltage V(BR)CBO 75 — Vde
(lc =10 pAdc, Ig = 0)
Emitter—Base Breakdown Voltage V(BR)EBO 6.0 — Vdc
(Ig = 10 pAdc, Ic = 0)

Collector Cutoff Current ICEX — 10 nAdc
(VCE = 60 Vdc, VEB(off) = 3.0 Vdc)

Collector Cutoff Current lcBo HAdc
(Vcp =60 Vdc, Ig = 0) — 0.01
(Ve =60 Vdc, Ig = 0, Tp = 150°C) — 10

Emitter Cutoff Current IEBO — 10 nAdc
(VEB =3.0Vdc, Ic = 0)

Collector Cutoff Current ICEO — 10 nAdc
(Vce=10V)

Base Cutoff Current IBEX — 20 nAdc
(VcEe = 60 Vdc, VEB(off) = 3.0 Vdc)

@ MOTOROLA
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P2N2222A
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) (Continued)
| Characteristic Symbol Min Max | unit |
ON CHARACTERISTICS
DC Current Gain hFg —
(Ic = 0.1 mAdc, VcE = 10 Vdc) 35 —
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 50 —
(Ic = 10 mAdc, Vcg = 10 Vdc) 75 —_
(Ic = 10 mAdc, Vcg = 10 Vdc, T(\ =-55°C) 35 —
(Ic = 150 mAdc, Ve = 10 Vde)(1) 100 300
(Ic = 150 mAdc, Vg = 1.0 Vdc)(1) 50 —
(Ic = 500 mAdc, Vg = 10 Vde)(1) 40 —
Collector—Emitter Saturation Voltage(1) VCE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) — 0.3
(Ic = 500 mAdc, Ig = 50 mAdc) — 1.0
Base—Emitter Saturation Voltage(1) VBE(sat) Vdc
(Ic = 150 mAdc, Ig = 15 mAdc) 0.6 1.2
(Ic = 500 mAdc, Ig = 50 mAdc) — 2.0
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product(2) T 300 — MHz
(Ic =20 mAdc, VGE = 20 Vdc, f = 100 MHz)
Output Capacitance Cobo — 8.0 pF
(Ve =10 Vdc, Ig=0, f = 1.0 MHz)
Input Capacitance Cibo — 25 pF
(VEB=0.5Vdc, Ic =0, f= 1.0 MHz)
Input Impedance hie kQ
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2.0 8.0
(Ic = 10 mAdc, Vog = 10 Vdc, f = 1.0 kHz) 0.25 1:25
Voltage Feedback Ratio hre X 10—4
(ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) - 8.0
(Ic =10 mAdc, Vg = 10 Vdc, f = 1.0 kHz) — 4.0
Smali-Signal Current Gain hfe —
(Ic = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 50 300
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 75 375
Output Admittance hoe umhos
(Ic = 1.0 mAdc, VcE = 10 Vdg, f = 1.0 kHz) 5.0 35
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 25 200
Collector Base Time Constant 'Ce i 150 ps
(Ie = 20 mAdc, Vg = 20 Vdc, f = 31.8 MHz)
Noise Figure NF — 4.0 dB
(lc = 100 pAde, VcE = 10 Vdc, Rg = 1.0 kQ, f = 1.0 kHz)
SWITCHING CHARACTERISTICS
Delay Time (Vee = 30 Vde, VBE(offy = -2.0 Vdc, tg = 10 ns
Rise Time Ic = 150 mAdc, Ig1 = 16 mAdc) (Figure 1) i % 25 ns
Storage Time (Vce = 30 Vdc, Ig = 150 mAdc, ts — 225 ns
Fall Time IB1 = IB2 = 15 mAdc) (Figure 2) t 9T 60 7

1. Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%.
2. fyis defined as the frequency at which |hsg| extrapolates to unity.

2 Motorola Small-Signal Transistors, FETs and Diodes Device Data
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SWITCHING TIME EQUIVALENT TEST CIRCUITS

+30V

I<—1.0to100us,

+6V m[ DUTY CYCLE = 2.0%
-t 0

"Lt <10pF 9Ll L)
1
S5 "—QO " iNot4

— Scope rise time < 4 ns
*Total shunt capacitance of test jig,
connectors, and oscilloscope.

_>| I<_ 1.0 to 100 ps,

+16V ({ ‘ DUTY CYCLE = 2.0%
0

Figure.1. Turn—On Time Figure 2. Turn—Off Time
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Figure 4. Collector Saturation Region
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P2N2222A
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P2N2222A
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