(0905 Swig w31 o5, 15
(3o &)
2090 O o g S g pSII— S g S sldaid
Ctio i
14 g 5 igel asLa
Y.q5 Ve & ylod

YA €3 gaen ‘L;M :Ml;;zf.ﬂ
z)u_.:...@K_a.iujéuggw”tfu;)tfguf:@}Jaigb;ﬁmf,\fz,)u%ru};,l}_;;
Eui.»'lé)gj‘5‘43}9-)Ls_léLs—.a)béhg_fh{d:“}'):éé\}M%}.&)J.QJUJ_EQ)LEJ/Y'Qiu.u)}
U;A,iguju‘y,}ﬁjjjﬂlQ,\;)e@;ﬂ}_ﬂéﬂ@'r\ﬂ_;‘éw;w.x“_.ﬂ;;w,u

@il Sroael s

AVAF Ol e ys GOS8 5 Ol &S 5100, a8 Slasine
'C'U‘YQXYY e.J g (é)) D s E.GY (e pb Olasin
AVA-A9F— 0-Y104-0 :eSLs

bt ST gp S

Cﬁ"‘l"w“‘f&“‘i}’@*‘ﬁ-’ ZCJ‘::L_'

(Ao 520) (55 50T slataly = S5 5800 1 5 50
baol&tle 3T = &85 S0 g 3 5n

(o 520) Ln o o5 5 L0 g 3T = &S5 5 280 2 g 50

AYY? g(‘ﬁg@ﬁ}‘yéﬁaj:a:}}\wu

RS E g e O NP PN N | DN JVN P S YR CRPRC VL N P (DREAP T U .
TK VAPY/ oASY AT 10 S uves,

YVY/ESYAT 0 o 5 (sues

YYARVAS : Lo wliilS oyles

Ira¥



095 9 igel wslig
23907 G40 2 9 B9 Ol

133 Ol3gel il g pyiomo OfHod

4 Ol (ol (Slg—izxo 5yl yd [y 395 (Sl 15 g alg—lw
b 85 FAYF/NO 8 jlods iy BgNid = O g S
izlo 9 Jlo sl (213,17 8 (5148 5> § B w30 SBLLS

tvoccd@roshd.ir (Jo2) Sy

www.tvoccd.medu.ir (colwsg) s

ol (PEloT sacallad g 415 Goyl55 GLS (lyie o (50 al2) (goges Sig iUl o8 plej 5 oS IS S

ON o8 )0 5 Sy pSINALD ) S0 oz Glasysbd 4 azgi LATAY Jlo jo goaly - Jlo &by szl (55 5 Igme = San sl
5 0515 (sl 3, bisl IS 3155 118s Sy st 4y g 0,8 adl (g3lme oS tylojl g el olss sla 3l 3 5l ool l o IT
et olaslu 205 5 (slad > 5 33 s LS el 10 g iU B ) saas (geeS Sl 4 g 2SIl oKyl

el odmy (90 9 Gi9el S)lig (SR9el S saelin

IO 9 (G148 2 § (5 (D BB B 9 by sl s (s 00l

P90 M FAAY o ogos g Sl ol 5157 :ols™us” 5 0l e

LR VVSTS 3103

PG5 Ogm (& 0 P11gd ((F g0 39050 s 10U 3

>l oo (PR el (el el

> Moo (S g0 (g3 g 1) Tumis

(7l Moo (9T SN (S e Pl gl 1l b

ITAF (poler Plr) Dol 9 Sl 29

390 G340l 2 9 g Olosle ((B390T g0 @385 9 45 3 WS 7 810N 55 5 Slr ol

VOAFYFVIOR 1 ey IS AN AYEF 585, 55 CAMINIY L4 20l (6 m 30 aged) s 5 Sosel ¥ sl Olazstlon Jled gl 10

www.chap roshd.ir :cs b

(9519) 71 Obls - 5 ogasuo 83l 1Y joghs” - 1@ 10N R (w33 BB 45 9 Pl o8 150

FVOID A 1 sy G adis  FRAADYS: 1,60, FFAADYSY _ 0 il

« Pl (olgwr Ol pf (w0 BOLS Hui g Pl 8y ikl

il Bgine Sl 3o

ISBN: 978-964-05-2159-5 AVA-AFF—+ D-Y104-0 1eSLs




5 9ml Gopm Simly ol 5l aSasS i 8eS lnse L
Sl 695 3l enslw 00,5l 1) ogs o a8 Silxlis]

gy Sl 4 ST 51 g asls J3le (bsss Sl

«u?wf:Jl SO S rl.o|







Ol Joro

99.-)_;@()& ....................................................... :Mpl.?‘

................................................... ul.c.w).a.b 'aU A

......................................................................... P)'@Pb A

................................................................ 195 b ;o'gﬂé el A

......................................................................... ...\J,S @)U A
.................................................................. aoliwslidy g0l A

...................................................................... :09; ‘so)l.o.& A

................................................... (29 Jon Solgils olig ol A

005,15 by po Slgils ol g ol A




'Y
Y
YA
YA
v¥
YA
Y4
Ya
Yy
v
YA
YA
\td
T

Y
i
50
50
AN
AY
A¥
A¥
A

q)
Q)
aA
VoY
VoY
VoY
VoA
Y

el Cuw 60
Oy

2920 597315 sl slan = ) (g0 lods Lo
oiolejl IS Gaa -V Y-
o s8NV
oA
5ty geuisS yly 99 9 o)l (G438 o = ¥ (50 kous (o3l
oislejl IS Chaa -Y-Y-)
i s3IV
byl -Y-A
OIS Bgue g 6B 3y sl ylae — ¥ e ylods LiuloT
oiolejl IS Gae YY)
G s I-Y-Y
bt -T-A
S 3l 2935 GAmatin (S — F g0 yledls i o]
Sialojl IS e —¥-Y-
O s3I -¥-Y
ot -T-A
Sz JUS souiiS gl — B (g0lad GlaT
ialesl S Cam —0-Y-)
iy, S BY
bt -0-A
Shkio ey — F (g0l vwln)T
Siolejl (IS Gaa —£-Y-)
Gy (5851 -F-Y
byl -F-A
o3ax <y ¥ goslad o3
oialejl IS Choa -Y-Y-)
i s3IV
ol -V-A
AFET) Goigm olowe 51 ygumms 3515 — A goylods Giolol
oiolejl IS Gaa —A-Y-)
o sI-A-Y
ol A=A
ab s goadls ol — 1 g0l u;.’Lo)T
Uinles] S Bas -4-Y-)
O g5 -A-Y

ELTESS R



VY
VY
VY-
\YY
\YF
\Y¥
Y.
Y
\YE
\YF
VEA
V)
VoY
oy
Vo
VPO
159
Ve
\z
VAP
VAQ
V4.
V-
144

YoA
Y.
3N
YV
Y\
Y14
YY.
Y.
Y
YYa
Y.

@08 gouiiS y gl — Vo (g0 kot G loT
ooyl IS Gam =)o -Y-)
Gr s8I -1 =Y
EE SRR
3B gowisSTas g Lol glrouiss co gl — 1) (o )loud i lojT
iulej] (S Gaa -V V=YY
G s -Y
bl -V -A
Sk GouiiS Cu i — 1Y o lod ulos]
ool IS Gam -1 Y=Y
G gAYV
EER SRR
WYoso ket Liabe)] (sheres
wrdaw Zodizze Uyl §Lg (grousaS muiss — VY go Loty i loj]
Oialesl IS Gam -1 Y=Y
G s8I Y-Y
EEE SRR
o S Sl Glakad VP 0yl (i lojT
iulej] S Gua -V F-Y-)
o o3l -1 F-Y
ECTE SRR
0591 58— 18 (503l s loT
Sialesl IS GBam -1 0-Y-)
ECTE SRS
(Flip-Flops) b - cadd — 18 g0,Losis i boj]
Siolej] IS Gaa -1 £-Y-)
G s -1 7Y
)il VA
S g S sbylae =1V g0 led G losT
Siolejl S Bas —1V-Y-)
G s$I-Y-Y
bty -WV-A
o Lo 9 Lo yiammsr y el — VA (503 Lands (s Lo
ui‘._{lﬂ)'i S Gae VAT
O s -VA-Y
ol VA-A
(Data Sheet) aocos



‘s.o'; )&0&

(aaZS ygameS 83 ol |y igel sanlip o (s0wl Sy (590 0 KlgE oo o slrog i 5l oolanul

5 o515 (pgd alz) Wllaz LS Sy o alKiyle)l slacelles mls (uilouSl Canl 03,5 xw Kaig 2SIl s,
Caomo 4 1y cmm g5 40,155 01,8 « alfinle;] slacudlad g IS 5,155 GLS» lgie Cov cogas Sig xSl ol8isle ;]
PElesT S g5, 5 8 S o0 dogi I 0 jsTasy (3155 50 1y (sgd S 5 900 (e (o 5kl
Sagd S 1) 59 )lse 5 dnled ST 9050 (al & Cnd | gz o

225 o] o Loz |, ongor g 25Ul olStylosl 5 o5 )5 pgo g gl Al 55 o Lol cal8_iylosl a il o 45 )

s ped a0 40 g Slawbre wilgis b au il ai_dls olyen S Fr S8 cilool az 280 S o jlgen -Y
S 750 ol o S jsbay |y Gialejl]

3590 9995 o |yl ol )15 yaadas 5l (SO awgs aBislej] Gl wds les jo )15 5,155 5o sl g 2ol =Y
S5 sbael a5 9530 S jeal s Gosig 5 5,58 5B 4o (led soyei e 055 (o0 518 (b5 )
D)0

595 03l (olarsl € (alRislojl (gonig > (lsie 4y 45 5 S g2 510y sl AR tlojl (gl (gl o -F
Sydise @y oign il 5o Ghalel 2 plail Slam Gl e @l 008 Blall T4 s e WSe
Skl aLils She g g aiiS ES b (6,5 slaog 5 0 Jled jsbar aualgsu (T 5l g oS o LT o

33 wSe g g AEisle;l slacdled g IS )55 28 sl o 1) 093 Slasiin 45 dualgsy o> a5l -
&S sl Tty

9 L5>‘)'b ‘) ‘;l..a‘ LngJ‘é.w u,u.m)) ngi.” AJL..M.A Qilools ‘nl.?u‘ as @me)l—ﬁ)"‘ u,uLw‘).: M‘S?U uL:P).A.Q )‘ 4
aisles 4l

Do dalol g LS |y baialej] ggoge b Jas o (5555 iy Con Slada o)ls &y — A



PF SR PR

50 adly 1o I8 la i JLasl 0 segas g Sl o8 _tylel 5 oSS ags alx g Cos a5 LS
il e g ol ounel pls & jg0 a5 b logei 5 Jolaz andS LS ol o ool alEigleg] lacales 5 5 s 155
O ygods HI5 5158 580 i 5 ol A s g0 OUS pl o 1) el s Wl iolejl jo LiolesT sl 5l
ST58 59 5 g o Sl 4 B0 1y 515 SIS el 0¥ igllas et & s Tyt ] (g0 58 sl
Sy ) 4]y T dealesT 2!

5Bl 42315 ol o 4y Lt 1y oz Soig yiU olStylosl 5 olS IS S 38 o o ilos] (sl 2! plSin -
LS55 by oy |y Lot o alfiylos] Slels 5l )5 38 s g ] U315 0 sle b1, s
S (w983l 9509

plee 93 IS QLS a8 Slej 5o 5 9S angd Slawlre izl g Gugiin Gl S p Fraz ios S
Aeao sl I 515 oS 4 canlie log 40 g9 dwmagin o] o 1, Liales] s oyls )3

Sly 00,8 oo i ek IS 0138 QLS po 505 e 2l plae laogi a3 o plasl 5l amy b33, ¥
0l ol 155 5 0 anzl e lesl o lesil jo aledin (2bitsl Jgiz @ 2bobs)l s b (o]
PR PR =1

il st olS T (gl g gz 5 cslin ] liio b S s lagge S5 s yi o —F

b skl o aieaddle (Lo i a5 lad S a5 0 daliy 398 (sLacdled b tales] 5l goluss (gl -0
igds 510,95y (Bl jlal 3l oyl ey (23l

S D90 )3 9 S O )jgde 393 (29 Sea bl 0¥ J5:3 U 5 e s 4 (e, 1 -
lg SaS o5 1S Gl

5 5SS talejl o gl 5l g 00 s Gl 50 (5550l 45T (0 )0 ke (SAXSI

Dy oo ai8,5 L 10 Jho wd> T 6l 55,155 (o pes iSS Ll 1) 093 alBiole;] slaclad






QUS g3 Gha) oILsS (2o g

gl 1t S 15 0T 3 S aallan | oo ol L 25507 0,3 31 ok sT s sl S 5 55 ik (g s S (65085 OMal 3 35 40T Cslal 4 g5 5 ) 51,2

Al 4y (OlST ll s ealgii Gluams s wlal s AVl s C)a Yl wyd Z b e )

3% 028 bl 53 (andr 10 5350 b (5l 55 31ad o8 55 300 53 35 imtn (s 4G catd) 555 5730 Sl S 53 Jlab s 3 (5l 3hiad Uids Ll ey oA ol
LU sl 35T 1 RS Wy 3 o S0 55 s i 5 5 e ¢ B S35 8T Bl 9,0 51 i U S o' S5 g 03 S S ys b 53 5 et ) g Dl
.ua»uuﬁju,w)w51,«,;,).\;_1“‘;\1@&;0»‘5@ftiwv_,:;ul;,u;,;.%,_i,u;)muu,;u,%uu;;;\,.Lsu;,)stﬁu_%s;,b;;\muﬁ

(oatnts (510 g 5T Al (63 g0 (o y3 QUL B ol 5 ) s 5 gmn p s 51 ki &S5 0 b0 oy 58 355 0L 0 55 053ke ¢ pps b ol 53 10139 (w38 5k (32905 Y
B 8 bl Y sne ¢ fm b lze ol Lol 2 50 a5y (S5 51 pladle (541358 iy it S O3 b Gt UL 5 2 S5

os 8 S 5 Oy 03 5SS e 23 6 353 e i G0 S & el i L Jgbo 38 ol 57 SOl (i sgolo 9 )l 4 Lgy o 2121 (Sl g ¥
L g bl Sl Oy gele Ol e

Gl s oS B3l (81 B (e 83 0 O g el 3 3505 oD A Bl a3 o] 5 ot T oIS S 5 5 Ul e ik 0L g8 s4ISTF

S P Gt 3 55 5 S agr ol 5SRO (6 5 il andllas |y iy gttin s SIS 2ol T 4 sl e 0L s i 3l e s SISTL talesT ol ol 51 b i oS 0
.:l:J;al_,;(lqdlj})(ﬂ):b&u;ﬁjbéq-qful{ol?TL?‘.S:alf)lfsg:;))(@u):QQRJQASJ}.ZUA\L;\{&:JMJ_\.M}L{

LS LETL LUl 53 1) 0L s e ol O oo e T3l (gl i) ey iy (61 b 1y ST (Gl g po 0 o8 oot 3 Ol s 2 Sl o 55 o pob plesl 51 e b J5 7
S 0l s o3 3, LS 0T LS 0 sede il g s 51 OLE L a0l 58 51 g S o 25 i SN 5

Sl 511 53 6 ol O g 2 31 e oy Lo olisad oy o s 555 315 Al Jalad g 0 ST o ol 3T 5 o80T oo (6508 Eomln 5 51 oS Y
23550315 Jl g Ok 3 oo 3 O o 0 4y Cpiomeads s 1)) Sl 2SOy so a4 OIS 3 3 Ol 4|y il g A led OSTlie s

Al oslizal 35 50T 035 5 Gee (51 3 50 conlie ANIMALIONS) Lo gLl gy clad 51 25507 (sl t 20T 5 55 A

LQH;l&\,&u)l}slw‘5|a;u‘_.~|;,4ﬁuw,.nf,;u_¢<v_,u.>,.5;1,,9,ali,u_uﬂ_ftf».a.x_:«gﬁ\;ﬁ6uuxuﬂulju:q_uﬂ@ﬁ.t&T;);Lﬁm;ﬁs,g,pgﬁ
Jorle dnl sy 0L 1 3l o s W1 OIS 4 5 S (5Lmant 1) 3,150 4lta sla 13105 Electronic Assistant.Electronic Pad2Pad s s d ¢ s 5 (i Fse
.JJ.A:45|)|v.f)\fﬁ()lfgi)‘fj:éb)al?)lfgbf(J:JJq-s\;'b,—jl{b@\:}}.u:u‘ﬁ' 6;\,,..4,&guﬂgts;mu;.ﬂn{,wysswx;lc,u,n)@u@

iy 3 6 gt 5 dled Ll 353 5 sb w0 1) oS s gl 5 bt lejT 6 oS )l 0 g e ) s

e 75 0 65 o8 Lyl da 5 oia ST L o887 s 0 gl 5 Lauk ) ol oty ain IS ) o WS (500 1Y

a0 pa OUT 4 5 gl peomnal Ol 8 g 3 5 (G OGS pss ) IS™ 3518 83 0 (un0ole sl ool Y

Ol 3olgm ) 1355 SIS Syl il 33 Dl i 5 35 s 5 a8 e sladlam & Sl 23 8IS 60 MB8T5 A Sl (sl o ol s 0 Y
,.sj¢l51,&”?‘5&)&,:\)\,&;5)&‘}%.;;3(5;1&)

a8 sl s a5 oBaslesT 5 o887 55 wabp G slac b 4 N F

C).s,?j;at_;a.\i;j;).s;.sj:..'\;vo),.pdé;fus\.aabj):L;szj]éjshor}Turi@&::r.?J.:.M.aL;La;.ﬁJL-éwulj@li.iﬂb}T}@\f)lfw})égl»;»lQ\,JS\;QT)'I.M
Y

S rman 355 o 53w SV 53 55 Dlatia 5 o ia oSe s pn b S 55 8 a a sl s s esls polantl S S 5 il 4 4k 0S5 NP
s el a5 oS 0T 3 i jates

3,8 3 Lyl assm s abg e 05051 53 5 358 els 3jseT el s (D@l ShEe) Sledbl 68 4 by o oo 5 Sl slao 35 a8 NV

S0l 1 1 T 51 a5 CIISS (l pke 5 G g 1 b O o o o gims by jo 05 5ln 5 e 315 b (5,5 ens 0 O s a4 4571y (ST (5121 A
S GANS e g ]

ens LS ok ol (lae 35 31 oty ad G I 0L 53 355 on o g Ay | (g o B 51 g 5 i 5 15 o818 GBS 3 0l 1 (653 1 At o g O 28 (54057 N4
gl 33l o8y 31 al s U5l 5 O30T 8 5 O g 8 e 51

(e § s 5 Gl oS sl Sl i o ) SV FOLL 5 pFOLe b ilale ¢ Ko a0 paSTL e o UL 5 2 5SS  cmdn 5 sla gl ol T 0o Y
Al (b (SN Ll 5 s 5 Ll o (35 5 Gl (2 8

Caibon 59557 L

Ohe



S S
o908 Seig xSl ol Lo T 9 881 (510 it 9 3 )lbian] SIS o)1 58 eudiis

S (Silo) (s 3udadgs Jg3o

o31s el ooy olgs habe3T (g0 sbod

oiigel celw & ond
1\ 50320 635 o digas dix Jee Giulosl g o)y \
A 5 GoaiS ply 99 5 ()l (G408 e .
A oA dgusme g olidd o sl lae v
v S5 Pl (29,5 tain (e v
v SorS ik (gloosiiS iy gis \
v ilare slaosly,s ;
' 059 Ry ¥
1Y JFET) soigm ylowe 51 slo,gims 3l 5 A
" dilo s olmodiiS ey o )
ke Oyl LgL:bo..\.;.;5&’;‘_;“9_;5_',’ )
Y 3B soaisSlas ¢ Jolas glaoaisS ey ¢ss "
" Slbes (oS o oy "W
2 (5Wy sl ,95Y 65 )y dws moizme 5ol 5Ly (slaoussS pulaws e
’ ERUTINEJERE: ¥
" 259 sl 1
N Lo s %
! SEE g Seexr slajle 1
\# L@o&)msuw)w A

’ 295

ol b AT) Sledbol (6)5lé (as o8 59 5 5k G yed S emlio akne) 0051 @018 5 Cg 10 sz adyo jlats 4,
cwlio l38le 5 2 L EWB.Proteus Multisim slal3300 5 5l 55 (bg i g p e ol 90l i Casl p3Y (o )d 9090
Dol solituwl LS oyl Calike Jgad o590l (gl 0,10 J18 oyiws jo a5 5,500

et gpo90 nl ) (6 5 amals Zaloo loj I (GroanB (lw im0 (S )20l ) o Lol i ime (] ke
Ailes wol 3 J158le 5 s>l gl JamlS golaas b ains

p9d Wl (53lkxo oy lojT LS 51 ol enl 5)l 3810 5 b 512l (sl
DS solasw!




coGinle) slacllas g )5 gbylys yiss

ey Gl MS%NJQ“)T

S99 (59 3,15 b ylne

OiaboiT IS oxa -1 ¥}

..................... g, 5o 6 dle 5 s Jygm —V-¥-Y

Sl Ooslas Doy Ooslo b 1, CD

Lg R G)L»w q LSLQ)LXA (AL digod g -\-v-f

pewsHge 38l

%MJ’#J,‘)J‘)°M%\?L§W

%M&ww1jb‘)aﬁy‘%6w

:)Lu (9 [ I)‘u\n C\J

Y soolesd ylow \ ol Hlow




lg LED l_a & — R )bj.o Lgd..f_wbm—\—a—? LgL:Za)L.\.a d)l.v.)w §ogeo J.>|).o @)_M.o -\-Y-0
EZ\YV ‘IF:\OmA ;VF:\/DV g_;Lapo.wo [‘)"‘""’g_;‘Jﬁ“’ )‘)5|r>).a )b LED

IV -FY S e —1-0-Y

Dl (‘U Sl (G098 (50,by0 (6 paie o9 —\-0-Y

gl g b g a8 (3l ool b CS g
oby> s R cuoglin s LED o g0 515 laie -V -0-9

O3 s
VF S RTTTTITTr V 09.10 e 9& )LJ5
VR e A\ WSLQ,Q 90 )LJ5
[p= mA

e 3l syge b~

ool oo (g pSoslail yyolie 5Lidail =)=V

LED b

ek 8 Sl 38lge b2 5 @8lge 5Lds -V -0-Y

0,8 LED
Vi =, \% d




ialey] e paoy =V -0-10

:)‘u\ﬁ (QL’

Sleolaiwl LLED jg s (gog50 g i =V -0-1A

e bl 5 LED ialesT e gs, =)=0-) )

I)LLA r\;

Lol 5l sse bz s

VgD = eeveennes Vv
Vi =i \Y%
I =i HA

Al 5 ol 5 w8 Sl hm s ol -1-0-)F

hos Jlowe jo Sz o)l 18 e bl o LED a5

Do € b 0yl Sgmg cilee Lubls o b



25 5 AC 55 L LED (g5laslol, s =)-0-Yo

LED ;laslel; 5 saw] cmas

g @l S5, 99 LLED g0 0,5 oy g, -1-0-Y)

AC 5y 5l olital b illsee cgz 5o

H9 7 r5le ysiil 5 Glo,w plral> 51-V-0-YY
LED s Skes 5,

5 5Ws 6 —So3lil Gog—2u 3l sla—oMs> -V -0-YF

LLED (g5luilel, ey R oo gl —\-0-Y$

VF: .......... A\Y4 <dg VY 5
IF: .......... mA

Vg =1V

R=...... Q

o oL g Vi« V(o ol -V-0-YY

s VY5ks b gslailel

VgD = oeeeveene \Y4
Vi = \Y4
I=.......... mA

s 7 553leysiuil 5V laie -1 -0-YA




&1 )Jaa )‘ &_3) R LED &9_: u—-"—’ -\-6-Y4 Lg)"d..ﬂo‘) 6‘)‘3 R\' 9 R\ 64-¢—“’L7‘-'° 6"9—7‘3 V-0-YO

NSLLT JJ’M“A AJ[S[JASM UT J.)Ybsuat.m ;».]9 YY°)LJ9L»LED

ool b Gilize slacSi, b g ik adgs -)-0-Fo
5, 9o LED

yogamiliy b Giyes LED ylas JSb eaw)3 Jas

G3)05 LED jlas (saindi euwys Jas




O S e IS L S e 35T paas -V -0-FY ool s gy
.&LA)'T 3,9 LED

L 5, 4w LED (slaal (0,8 jas—ie -\-0-Ff

bgye IS5 50 ol )5 codle 5 00 adgi 5 4 4z e (8 ga i g R g lme o150 -V -0-F)

N-0-F) gal> o 4, %, 4w LED

Sleolaial b S5, 4w LED Jloe g 5 -V-0-Y0

Ege 5o el (3 j5liaws 4 jglate a4y Segily Siyaw LED (i (saisds eaw)s Jao

i) oslaiwl b G3yaw LED jlas J5b eaw)s Jas
Hoguuilis g R, o R, (R slacrsglis




mAbsolute Maximum Rating
@ Ta=25°C

Parameter

Power Dissipation, Per Segment

Peak Forward Current, Per Segment

(1/10 Duty Cycle., 0.1ms Pulse Width

Continuous Forward Current, Per Segment

Derating Linearly From 25°C, Per Segment|

Reverse Voltage, Per Segment

Operating Temperature Range

Storage Temperature Range
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mElectrical/Optical
Characteristics @ Ta=25°C
Blue

Parameter

Average Luminous Intensity

Emission Wavelength

Spectral Line Half-Width

Forward Voltage, Per Segment

Reverse Current, Per Segment

Luminous Intensity Matching Ratio




o e W1 a5 5l glankd Cip g pund —V-0-0) claskd cin claayl —)1-0-F4

O (S GAEE g 090 S yide AT

qh@lgeg)bdui\é\mmmgbh@»ﬁw
o) 5)A5 o)lash

o)meMjé‘ija.Sm&wab Wﬁ—\—&—a°

STRLE)
slaabd Cias SADil eaw)l Jas
LQUT r:l.; 9 LQQL; Lgo)l.o...i» -V-0-0Y
e 0L b
Pin Connection (Common Anode)
Pin No. Connection
]
2
3
4
5
6 A5 poalie Cramd o) )s 1) by e g 8)letd




5 ssc saibd eaw)s Jas

T ssc (suibd euw)s Jas

9 ssc (bl euw)s Jas

4 ssc (saibd eaw)s Jas

6 ssc (subd euw)s Jas

8 ssc (saulbd) euw)3 Jas

)b 9 Shal yb) 4 Lasl PL 9 o losks

ULW.: 6‘}? Slanlad Can )LM (GAR e S -\-0-0Y

(st AL 20 olacl yols

1 sac saids eawys Jas 0 ssc saibd euw)s Jas

3 sac saibd) eaw)l Jas 2 ssc SUhB eaw)s Jas



L5 (6l (hald i e (G4t a5 —) 000 L5 gl slanksd Cin e Atk pa o ) -D-OF -

@”)b‘—’ﬂp‘dﬁngs“’)b ?9‘4 O‘J&‘ OOL) n cL sy ‘d sC ‘A Jj;} oalo

(7»:6“\‘1@@»“)3@) (stdm‘nﬁmﬁdu )

(Cémam‘nmmmﬁdu) (Aémam‘mﬁwﬁw}

(dé)ndmixﬁ@-.\midu) (%&)Admi\ﬁ@emidu)

(yémam‘mwﬁw) (démam‘mwﬁw)

( N

(némam‘nﬁmﬁdAA) (Luémamw@emﬁdu)




Loasdle 0L g 2 g9

318 GLaS s e iy 055 ey i3 —V-O-0F

( N

() 3 [y (,48) 93 35 (SABD) Eaw)I Jas

0L (s08) 90 DU Aigal Sy (AL o ) — V=00V

I CPS e 55 g
Csd & DAL 5| ol gl 25 -V -0-0A N sl ol g pis g S >

LCD laaks can Sioles 5,90 40 ool

)




( N\

Sl s jo a5 ool SIS 5l 0,90 ez —V-V-)

Sy U 1 98 Slelpo il bzl

( )

N\ _J

6)‘)’5“«:)3 6‘)—'." )‘| ‘_J..ol.‘> G’L“"’ )" L;‘M)L‘é -\-0-04

SRl Rl Lo 5 bagiales]

( )

VY




) 2SS ax w9 308 sla,yg oS 5 51 -V-V-0

0,5 olou! g3 co

als g o LED S aiz sl eolaul b -V-Y-#

£3,5 olmll) Sy 9 sloab

abati b o3, S 7-Seg ,o LED slass -\-Y-Y

$el b i (DP)

YW

Sl 4z g lazsl codle LCDy LED -)-V-Y

?:.» . i“

4,9 LLED slao )5 51 50 (64905 g0 -V -V-Y
Cowl oo S8 ol s a5 (High Brightness) ol

Sy el

Ay pb ] (655 9900 0,05 diges 4w -V -V-F



5Ls 1-Y Sledlbl 6aF s 5l oaliul L -V -Y-1)

oa—d (Byne LED &8lse polae ol 2 5 jlome (og—Sae

L olewsles a> Veroboard -V-v-\Y

up 7,5 9o ls Bread board

STV-0F S a4 > L -V-YY
n.\_.u)l_’ I:\ OmA 9 VFD\ =VFDY =VV
(W5 g0 (P05, lin 53 L, LLED S Sbr—> =D

AsS dwle |, R lode

R I
M -
+
— E=12V |
|
1-0¢ Jaib

ygo 4 |, 1-SQ (glanks can b les —V-Y-A

DS oy S i B3]

(gl g, 2L (.. gC b @)

oMe b g By, wlacl a> 7-S60 S L-)-Y-Vo
oimled g o 1y Cwloazd (S OLS jo a5 (6 K0

Cals

\¥




5 cdsY ogs L Vi STV-0A JSo s -)-Y-10

5Ly ST g o oL YemA oyl jlxe )b > ST
ar Kol Jog Lol cdg 0 090 o slxe ug—Sin

A b faes o 7y Sl

-
- A
+—AW P
K R=100Q ‘![\)l
+ N o
—E=15V ¢ Leadde 0L g fa (So g @

ASTas 5 s ¥ 050 Vi STV-0V S jo-1-Y-) ¢

Sl az Kods Jog b asl Yo mA 5500 jlxe oL >

1-OA J5ib

aems )5 Saas e

-
- %
- MV i
K  R=100Q D1

+

——E=15V

1-0V J3ib

\0




Ly AF 155 JUSom bawgd sl oo LTV -V-1F
(LEDy 4 LED\) LED g5 V-0% JS& o 5l ool
LyeVe Lo 55e) jlae (S8, ST00as 0, |,

055 (o0 Zud) 455z LLED 55 il 55,0V 00

-
% NN—
K R
@)
@
1-09 J5ub

\¥




) osled GiulojT b il -1 -A

-

. U . .
&, So i | (S0 o .
. - Ol ge 3y
Voo foeens L eree ol S| ($2lg oy
B Ol pr (Sl by ol \ e 8 Wl il
.................... =\
\ C.g.;\ O:.JZ\:
.................... -Y
Zalf)lf g_)l:;js L_SL,Q_A‘ J>u:
\ alf)\f )J rﬁ- C,..:‘LG)
| o858 55 35 500 lralr ple
\ baols I e (goslizul | ¥
\ S IS as| ¥
Y &)&M 9 &:5)\.:.‘.& Q‘J’.:.A f
......................... A \ ‘SDJM ‘J:&’.L‘).T ‘S‘J?'-‘ J’-‘Jﬁ - 9
s slaal Joue
\ awlp s Cdled| Y
Y )‘Jekaj _)‘ oalar) A
vy Yosooled oL A5 ol o] 9
................................................................ ;w\f 9 (2w \ ®©

\V




g SowsS yi p g9 g oyl AN dune

SiulojT SIS Coaa -V-1-)

e 90 jlae goa b (o3l wand (ga i -Y-Y-0 odls (g 3lwand )l (G4 dsT A (gaiss -Y-Y-F

9> Ja..w}: Y-Y JS.w )Uj 6‘0&.}.‘5 -9 R Jﬂ-wy A J-iw

Al s ol 3 1y ok ol (gt Al oo cpl 53 1) 0 Dl (g

( = =

A




Y-0-)

(Data sheet) Y-¥ o lois

Y=Y o yladh J9u

Feature el 045
Ao )
Diffused junction Sl 0L
Ao v
High current capability and low voltage forward drop| de! 0L
Ao 5 ¥
Surge overload rating to 30A peak el 0L
Ao ¥
Low reverse leakage current kel 0L
Aoz 5 o
Plastic material el 0L
o 7

3lskel ol 4 lbMasl g4 oM pagan -Y-0-Y

Y-Y Lgo)Lo..i’a SleMs] Lgc\f).g

Y-y ‘_;oJLa.ﬁG Joua

et 05 & e M |3
Repetitive peak reverse voltage| VRRM | |
Irav |7

Ve |Y

IR |¥

Cp |[°¢

Ty |”

Irsm |V

Rhja |2

'4

e o alisee LL & jo5ldy ,oolas -Y-Y-F

0dl (g 5lwandildy (goaisS plp g0 g ()l (%S

Y-V soylad J9ua

SWs s

) Jlas Irms / DC AC /DC 33 5 )\-«\-AC}S
AC Z)
3
%
DC | Vc, ,
Vcy S
+VO
-Vo >
Vs
3
VD\ o
&
Vb | = g}
ve, |4
)
VCY ::'3\
a"\
Vo

Jsms O ssls Jmgow 1, CD

S 8le 5 B g YTV

! D oolas

G0 ae Slae gilwacs =l s =V-Y-A

Sy goaisS ply 9 9 o) like



Gl 4 \WNFo o) go,la o5 oo 5l> -Y-0-F Y-¥ o ylas Jgua

ANfoof sg0

st 0L & e s %‘

Joo JB o San 1S Jul rﬁ: Vrru |

ITrav | ¥

Vg |Y

Ir |F

Cp |[*®

Ty |7

Irsm [V

3935 ags (CIgYY0) 1o 3 (55lugnssy ~Y-0-0 Rhja |A
ANYo o)

5\Nf° OV‘\N\CO o) dubﬁb Uju —Y—a—\ﬂ

3g b, S IYNFooy

Y.




By g LolSiws (j35r Cogere 53155 il )| -Y-0-4 w3l olakad lesT -Y-0-5

ST P il | sled [andad el 3
Jﬁ)
ol S Jlasl —P \
D,
Jx.)
Y
v |+ D,
>
2> v
D,
3
92 P
Dy
e siest 5| O
Oy s
C,
N
5] N
Cy
- . C_A)u.a
Y-0 Jiw )LLA (o =Y-0-\) A
R,
J’:’.L"‘S )JLM: 9 olKiws oD ) -Y-0-A
.8l 0
Y-F so,ylact J9aa
gf:ﬁ C_y S o VJL«H a\ilwa rL' .%’
Sl [
o o A ¥
P-0 Jaib jlas saidd eaw)3 Jos spopl ¥
9 Vi, oo 5 pSoill S5 polie gy -Y-0-1Y oSkl oy | F
Y-V Vv
Jj“‘\?' )Q Sy .194‘) &um—*‘ a
93 oo (5,503l DC 5y polie 70 -Y-0-1Y
S &
Y-V Jgaz 2 Cy 5 Cy glag;ls e

Y




] 500200 100

) 50
5 5
1 1
0 20 2 g

V/Div. mV/Div
Y-Gain 2

500290 100
1

5 5

20 2
VIDiv. mV/Div
Y-Gain 1

1 500200, 44

® 2 50
5 20

o oee 0 Q@
Ch-20 X-Y O 2050 , 5

100599 g5 L
CHlD Ig)c GCI\?D /90 o CHZD é)c G%D AOC o mS/Div  pS/Div

Time base

Y-V soJLa.d.'u Joua

§ o~ B 4>y [DC / rms
\ Vsl

Y VSZ rms

Y [tVo=Vci

¥ FVo=Vc2 DC

Time_

Div — Div —

230 puw 93 5y Zgo JSub —Y-Y 13903
(Cy 0iB) -V sakis

Y-F IS o o, -Y-0-11

P-4 JAb jlse eaw)s Jos

Vout s Ve 585 s 5ol -¥-0-Yo

Y-A LSGJLA.J:\ Joua

%\' J"“ )‘H\-E-‘ A:-b
\ VCI
Y [+Vc2=Vout

V0 e ;5 R w95 zge JS5-Y-0-10

.(C\ 53B)

500 200 100
1

50
)
5 5
10 10
20 2

V/Div. mV/Div
Y-Gain 2

500290 100
1 50

2 20
5 5
10 10

20 2

V/Div. mV/Div
Y-Gain 1
1500200,
@ 2 50
5 20
e L )
Ch-20 X-Y O 2050 , 5
100909 g5 L

CHIL IR o 2@  CH2[ 1 Ko 2 @ msibiviusibiv

Time base

Time

Div — Div —

Jb w93 5Wy 9o JSubs —Y-\ )lSges

V0o ahais s R 93 zge JSi-Y-0-1Y

Cy 53

Yy



Y-4 gaJM Joua

)‘J.A )b HS)’ T JLMJ LSOML“‘“‘" -Y-O-YY

30 oy 5 Syl el o sldy (goa S ol g

)
o 5 ° 20
Ch-10 Dua 10 10
D D 20 5

Ch-20 X-Y O ” ,
0 0 o o o o 50005 L
CH1[ ] DC GND AC ©® cH2[] eYCN e © msiv psibiv
Time base
Time_ Volt _
Div_— Div

6513 £95 03 P93 Wy Zoe JSib —Y-E Hldges
Iy G03uiS Hal e 93 )l

M e g ialesl 5l ol =l e -Y-F
s e

\A)

=
3 Joxo JIRER oIy
A B KPR
\ Vc1 o
Vrpp S e e e V VODC S V
Y +VC2
200
v | Vo=V + Vg, P
2 20
5 5
B ’ ’ . 0, ,10
N0 £ 50 29 T S camlin -Y-O-TY VIDiv_ mV/Div
-Gain
. A ale .. 500200 109
.Y—f)b}ou )° L)‘ =) 9 )LJB Lgod.us ).3‘).3 99 )L)uo 1 1 50
2 < ’ 20
_ _ 5 5
Vrpp T V VODC E V 10 P 10
V/Div. mV/Div
Y-Gain 1
500290 100 500 200
50 @ - 2! g
2 20 5 20
Ch-10 Dual O 10 ° 10
5 5
0, ,10 D Ch-20 D X-Y O 2050 25
V/Div_ mV/Div o o o O 10500 05 L,
Y-Gain 2 CHIL IR S 2@  CH2[ ] &y 2 @ 'msibiv psibiv
; 500290 109 i Time base
) @ Time _ Mot
s ; Div Div
10 10
20 2 .. L ape B .
VIDiv_ mviDiv GOIS il 1293 VIS 393 Sy Zge JSib —¥-F Hldges
-Gain
1500200, Wy
2 50

Y-V S8 e s, ~Y-O-YF

P-V Jaik )lss euw)l Jas

G100 £g8 @l bl o 5lds (g . 505lail -Y-0-Y0

Sy oS plp g0l 5l



500200 100

50

2 O 20

5 5
1 1
g 20 2 2

V/Div. mV/Div
Y-Gain 2

500290 100

50
2 O 20
5 5]

10 10

20 2

VIDiv. mV/Div

Y-Gain 1

1 500200,

k 2 50

5 2
D Ch-10 Dual e} 1 ° T
Ch-20 x Y O 20 5
2
100200 05 8
CHIL IR 5o 2®  CH2[ | &b 2L © 'msibiv usibiv
Time base
Time volt —
Div ~ Div ~
Y- )L),.o.i

sl VG=Y Vi 1YY IS e o -Y-V-¥

500290 100

V/Div. mV/Div
Y-Gain 2

500200 100
| 1
2 O 20
5 5

0 2
VIDiv. mV/Div
Y-Gain 1
1 500200,

5

k —
5 20
D Ch-10 D Dual © 10 ° 10
Ch-20 X-Y O @ , 5

100,, 1

CHI[ R o e ® CH2[ ] 3, 2 © mS/DV - HS/Div

Time base
Time _ Volt _

Div — Div —

Y-7 )l5903
ax o515 0 5 g ol (40,50 csle, V-V
0359‘]5)66‘)—?‘ “'\"'-.’.l)-é)> &;‘4—?}30)“} rdb_c

A s Hlaw iz 0§88 6

LT j5ilo sl i gl Y-V S5 Jloe o —Y-Y-)

S 7,5 90,5 solawl AF 65155 Ui 5l o)lg5 oo

VS\:VSY:\YVP )f‘ Y-\ J.Lw)‘M ) -Y-V-Y
us‘.\;) sduu.s o— ) Y—a )|d94.3 S99y ML& uuL.M l.> ‘)

(osSasslons! 51 03lizal

Y¥



Yo

Mz 93,5 oolinul obj slagl > ¢l Ols o

IS il oS o1, mlegT szl Js e o il
Lo 6‘)4 o..b..:T 5o ..\."9.:‘_;0 )lS k)"')‘)f uLS l)] ij.u

A b fall alls 8,8

2olie olg o AigF Az o go l38le 5 o -V-V-F

e 5 Jla 53 S e |, labid



5 0l i a5 1, SdMasl g Sl gals -Y-V-Y o

Y-\ soylad Jyu

wjé)

O Pl g WloWao! g OlaS Cuw 960

\e

\

\Y

99 Jloe S5 aS V-V S8 o ylgi ce LT-Y-V-A

AS ey |y e IS5 G058

Olos 0363 Cuis G900 )3 J3ib eaw)s Jas

o il col A paaxle L -Y-V-1
590 ledbl a5, www.All Datasheet.com
S8 L5 51 558 ol gl 5 0utS lay 1, YNFYVEA

D20 7,5 \NFo o) sgs b I8

\id




Super Fast Recovery Time ss—pa0 -Y-V-\ ¥ ,o Data Sheet « a> g5 LYNFYFA 5450 -Y-V-))

Sk 7y ) fyzr $o9500 L8 4 89)l90 ax

odls ool byl i jo 0900 (pl S35 o8 b Y-V Y

ool ol,3ss wi> Data Sheet o

030 sl YN Yog o 5 les oo LT-Y-Y-10

Ak 7 €l 9 Seolawl YNFYFA

b, LINNTIFA g0 S5l a8, -Y-V-\ Y
shle G pla s ass awslin YNYT Y g0 515
oo blogs il cud,b > S ul 6,505 cud b

fowl oglaie

Yv




P sosleds GiwloiT bl -P-A

@

. ls . .
e o o ol o :
. - Ol e Y
VWoreoos evseees oo e [ ]
o815 Ol je (Sl ol 5 pl ) 5 S ol il
.................... -
) Sl il
.................... i '
\ IS e 039 5 e Ll \
Ialf)lf Ql:.»f le.a.ﬁ‘ Jzﬂ
\ olf)l; DL VL.I C.ib)
) o858 533,500 alralr pe
\ Laolans I e (goslizal| ¥
\ )‘5 U':')“}f V.Jd..r" 5.5 Y
Y S &Ken 5 S Hlan Ol | ¥
e (Sl byl \ sl OIS ule,| O
......................... A ‘, ‘-;o)w &u),"’ ‘S‘ﬁ‘ ‘-}>‘f . ?
e slasl o
\ alp s Cdled| vV
\ Sl 5 eslizal| A
Yy YQSUL“":'L_?L.J“)J‘&LPC"" q
................................................................ ;-«U 9 (e Vo

YA




bwégm [ oMéuﬁﬁ 5&,‘4.0

Lg ol Lg)Lwd..,...w )LLA (SA—i digod A -y-v-f

pewsHge 38l

%Mdﬂw‘):‘)a&g\?éw
%M&u@\)aboﬁ%\?é%d

P so)lash )\uj [ i ayflart )\M]

Y4




i)l Blep RB Jogos -Y-Y-F
Loz Oosls |55 1, CD e )b o

ol Dod‘u\}

JS.:....: o dowojm ‘_,’.?5):} T JS....a -Y-0-Y

icwlin g GuBo wlido b cuie

A:Jl?mgaf‘}»a‘).b\)em;fl%‘gw

Vipp=-..... VvV V = ... V F=.. ... Hz
1pp opp
500200 100
1 50
)
5 5
10 10
20 2
VIDiv. mV/Div
Y-Gain 2
500290 100
| 1 50
9
5 5
10 10
20 2
V/Div. mV/Div
Y-Gain 1
150020045,
h 2 50
5 20
D Ch-10 D Dual © 10 ° 10
Ch-20 X-Y O 2050 ) 3
100,400 05 1
CHIL | o e ®  CH2[ | 5o a2 © mSiDiv psiDiv
Time base
Time \Volt \olt
——— = -eereeeeeees —CH1="--------- —CH2="----------+
Div Div Div

GJlge (50T D930 Jldw 29D Zgo S Y-\ Hlages

)é 60— 00)95-&).3 )UE Gd—0 K )L.\_O.A" -Y-06-Y

sz 9 J

6)9.0 (SOAA.«SOSJ.?:A )L)uo ‘5>5).> T J.i.w —Y‘—a—f

D93 (53,5 wgSae Sl

[ W (s0)Lauds )\u]

s aiz o bl (gileand ol g 25 -Y-Y-0

v



59, DC (sadis ot 31y Sl peis 51 -¥-0-Y

«(S 60@509&?{.@ )‘J.A )b ‘5>9).> zTo Jiw

5& 6044.2509..\?;9 )b..o L5>9)'> T JLMJ -Y-06-9

25 0930 3l eolatwl b (g3lge (gad,b

500200 100

1 50
2 O 20
5 5

10 10
20 2
V/Div. mV/Div

Y-Gain 2
I 500200 100
1

50
2 O 2
5 5
10 10
I 20 2

VIDiv. mV/Div
Y-Gain 1

4 500200 100

2 50
B 20
D Ch-10 D Dual © 10 ° 10
Ch-20 X-Y O 2050 5 g
0 0 O 0o 0 0 X008 -
CHlD DC GND AC° CHZD DC GND AC° mS/DIV‘
Time base
Time _ \olt \olt

Div — Div
a8 )b 93 (56345 3930 Jldw (393 Zge JSub —Y-E)ldg03

A

500290 100
1 50

2 O 2
5 5
10 10

20 2
V/Div. mV/Div
Y-Gain 2

500200 100

5

20 2
V/Div. mV/Div
Y-Gain 1

1 500200, 44
5

0

5 20
Ch-10 Dual © 10 o 10
D Ch-20 D X-Y O 200 25

5
100999 g5 L
CHILIQ % 2@ cH[1Q & 2 © Imspiv usioivi

Time base

F_ 4
L
)

6190 (OIS 3930 IS0 (29D Zgo JSub —Y'-F log0s
3923 US)S grgSae Jl gy

G (GONSS Bgazo loe 9 T S -Y-0-F

500290 100
1 50

2 O 20
5 5
10 10

20 2

V/Div. mV/Div
Y-Gain 2

500290 100
50

1
2 O 2
5 5
10 10
20 2

VIDiv. mV/Div
Y-Gain 1

4 500200 100

2 50

5 20

Ch-10 Dual © 10 ° 10

D Ch-20 D X-Y O 200 25
100 1

5
200 0.5
CHILIR o o @  CH2LIR o3 2 © ImsiDw usibiv]
Time base
Time _ Volt \olt

Div — Div Div

]

Oy (Gialo



Iy S o plaSTe oaiiSdgame Y-A K0 0 -Y-Y-)

Sk 70080 oo b

(o2 S |y 0900 Sy SIV-Q ISl 0 -Y-V-Y

D2 s TS o (6 S Az 2,5 mee SO

DABS i e 29,5 zae S -V-0-))

500290 100
1

50
5 5

20 2
VIDiv. mV/Div
Y-Gain 2

500200100

I 1 50
5 5
1 1
0 20 2 J
V/Div. mV/Div
Y-Gain 1
1 500200,

2 50
5 20

oo Fpoue ° o
Ch-20 X-Y O 20 . , 5
100509 g5 1

5
CHI[ IR o e ® CH2[ 1R & e ®© mS/Div PS/DiV.

Time base

Time _

Div — Div

03523 YA IS0 293 Zgo JSibs —¥'-D Hldges

S s g gl -Y-F

Yy




©99,9 5lg So gaisls STV-9 Js& 0 -Y-V-F
Mbdysm#)‘)@j)?cgﬁdiwsd—wbujj\c [_?)_31)_?

W23 g |y ae JSE cnl el S5

500200 100
1 50

5 5
10 10
20

2
VIDiv. mV/Div
Y-Gain 2

500200 100
| 50

1

5 5
1 1
00 o ¥

V/Div. mV/Div
Y-Gain 1

1 500 200100
® ) )
5 20
0 ch-10 [ Dualo . ° .
Ch-20 X-Y O 2050 5

2
0 0 0 o o o 50005 L
CHlD DC GND AC o CHZD DC GND AC ° mS/Div pS/Div
Time base
Tl—r.ne Toeeeeeeeeeeees VL_ItCH]_: ----------- VL_ItCHZZ ___________
Div Div Div

Y- Jsb lae 29)d Zoe JSib —Y'=7 Hloges
Epn=€ ol yo

Yy

sleogs sl 4 5lds a9 3l sl ol L -Y-Y-Y
“‘9)“430“‘5""45‘5‘“5@-:-&)36)“.\@\”—\0 IS WIS
C}—»J ‘)QTQ}SJ.AC 609?{.’ stuu)) ‘) ,w Cﬂ“’

A



Sae o ools slazge SIS 4y 4z gy L =YY=V 9 S o abaw Y-V o S 50 -Y-V-0
Lol o Slas (50555 § 9035 ooy [, =Y IS @ gy s Ty 1310 logs Sl 5 colaaslly b glabal, az

A 5oJLu£ Joua

TR | gy S e g oo | TS
$9919 € 454

5oL 03 S plaS o YN S o -Y-V-$

S 7 $090 0

Sl ool ools slazge JSi 4y axgi Lo -Y-V-A
Ol 0 8os (50575 5 0T s i |, YIY IS 4y Loy

Y




Y-y @wL«Z Jou

500200 100

) 50

: o » TR | g R e i oo | TS
0,0, $999 C. 454

0 2
V/Div. mV/Div
I Y-Gain 2

500 290 100
1

50
¥ 2 o 20
5 5
10 10

0 2
VIDiv. mV/Div
Y-Gain 1

15002000
5 20
D Ch-10 D Dual © 10 ° 10
Ch-20 X-Y O 2050 25

0 0 0 0 0 0 2005
CH]-D DC GND AC° CHZD DC GND Aco mS/P'V‘

Time base

Time _ Volt Volt

= e ———CHI1=-eeeees ———CH2=--eeeeee
Div Div Div

)90 ) Y-\ JSub )l Zge JSb —¥-Y Hlges
Dy 3535 yauboligs Juasl

oS Jlasl Dy sgus ,51T-1 0 JS5 e o -Y-V-4

Clle a8 oy Y=V Jloges jo 1) (29,5 oo S8 098

aled a5 1y zae JSCB Gl el 32 g4

Yo




s glawl Jlas! 5l s Y- S5 Jloe o =YY=\ Y 5l zezeo goolaiwl § caslin 57 15l Gl -Y-Y-Y o
OO b g G e S92 g b las (29 5 @ S oo olml 0,8 588 30 (il 4z o]
A ooSwsll Gulel gamiao 69 zoe SIS0 ¢l

18 Fall aldls 0929 Cenl (o SYLD) ax 090 o3

Y-y GaJLu.Z Joua

=9

-y

=Y S92 5 o sdse Y38l L IS s -Y-V-) )
VPRSP CSURT < [t JO0 U VSRR IO P

?0)‘&?‘50 )L).A

Vo

\id




¥ sosleds GiulojiT ool -F-A

-

. L~; . .
&, (S0 o S0 o " .
. - Ol e )
Voo evoves L okd S| (63lg Ay
o Ol e ol b5 ‘ e S U s
.................... -\
! Sl ozl
.................... =Y
) S e osmi,e|  bLa \
o) Ol e sliaal oo
\ OKJK)JVEC%LG‘)
| o )3 55500 2lralr pus
| Laolms I e (goslizal | ¥
\ )Kuir)‘;r_h_»*"" Y
! GoSen 5 oS 5lie Ol ¥
) el DS Cale,| O
s Solgls abg el
e v )6}12: Q@Lﬁfiﬂl«d
......................... Sl & 5 Gaaz
la, 2sbe T [ >
| y s b)) o ¢l > ol
e sl Joee E3e 58 5 s Labs _
\W asl s 558 Cled ¥ ooyl
YY Y osoobd LA 2l g | Y
................................................................ J{'ls"di}"“ A

v




¥ oo sl 3T

29 PP (295 SdaRO (iR

UiolosT IS Cosa —F-1-)

Hl8le s 50 )18 blas 5ty (g S oslail -F-Y-0

Y-\ soylads Jgaa

u>lg RV sl

sloylae 51 (S0 soad (53lodrnds asds ~F-v-¥

1S5 Bl soanS Cuss

S Dcob.i

#MJ’MJ‘)J‘J°M&J%L§M

[ )

YA




¥-¥ gaJM NERES

Lal 5 gl Jo s 3315 g0 ylell |

slaal )85,k 5 5 0l JSo mu 5 -F-0-)

G P )5

5 Gl e 3920 Galesl sl ol m b -F-0-4

¥4

Y=Y soylads Jgaa
s ol s s 315 g0 lols | a0,y
\
Y

€ 9 5m Bl em sl uens -F-0-0 5 F-0-F

o

¥-¥ seo Jl.a.u‘." NERES
$pb JSh s 155 g0yl | oy

ol e 9

g il 5 SIS 5 el sl (yoas —F-0-Y



g 35 TV o ey Sledbl a5, -F-0-) F £ o —iS g wgare Hei o 3l Lialejl -F-0-1Y

ol e 5 coe

£5 et 5 5l Gales] gogos —F-0-)Y

Slye e gs 3l oolinul b ()] slaasly

TO-226AA (T0-92)
0.181 (4.6) 0.142 (3.6)

0.181 (4.6)

min. 0.492 (12.5)

H oo oo oo oo, 55
[
[

max. g

0.022 (0.55)

0.098 (2.5) Dimentions in inches
|<—>| and (milimeters)
c- -E
Bottom
B View
Sod S 9 Sl

£



Lol jo et jl5 Condg (gwy — -T-0-1Y

.VCE:~/C)V 9 IC:A' ‘mA

byl &0 jei oyl Cumdy oy —F-0-)A

Vcg=0:V slc=y-mA

A

BCYYY jgias 55 e pouSle polie ~F-0-10

¥-0 goJM Joua

loso : . lago
J [P J
IO N P oA
Hlro oy 5o a>lg
VCES | 9 el 553545 oo 35 305 Vv
&:&N‘ GL”S Jw‘ M ............
VCEO | sl 195505 o35k 55 vV
w‘ jl-? M ‘;;3, AAAAAAAAAAAA
VEBO | s (585 gt el 505 Vi
G:A-MJ' }L’ ............
Ic Sl Goge po Sl ol >
ksl I mA
IB el mA
Icm labid moo 3500 b 5>
)9“ ........
Piot o o 35 lgd mw

(Potal) slee poz3Sb plg @ plie Jdo -F-0-17

o dslons s 35Le ol




9 f-0-Y Ls F-0-\f J._>|)A — -f-0-Y) Jaab_w ) )HJ"‘)S Curog —) -f-6-V4

Lag)T 5l (o S s Vce=oV 5 lc=Y.-mA
BC\“\NV )9’“‘”")")" dS‘)"‘S'” Slasein -F-0-YY Jaa‘)_w 3Oy i).a‘).: ez ;:9 )y -f-0-v:
f_5 L§°J| s de-.a .VCE:\/bV 9 IC:V' ‘mA
aasinn byl Hlode | wolg
gé)l:.‘fw
b= Goxe VCE:\V , IC:\ «+mA
hFE
&8 by | Vop=reV, Tymp=1Ye°C o2 ko
ool eSS’ HA
CawSl 5Ldg fo-oi0
ool gisdS
39 g 3l
o &l IC=\~mA v
ol 3t
VBR(CEO)
o] e 5L VCEz\V, |C:\"'~mA o Sl
A%
I cud b _ _
P VCB—\-V , F=Y\MHz pF

Yy




9 e 69, o b 5 -F-0-Y0

9 IC:?. ~mA s LrJL?_ o BCyyy L5 )-")-’

Ic(ma)
A
mA
500 /09 "
|08
7
400 //
R. = Vee
: ICmax
300
Ie — 0.8 R o
// € Terreerreeeens
200
100 — 75
Vgg=0.7V
Vcev)
0 1 5>
Vce
S e Slasie -F-0-Y7
| = | = | —
B B B
Q\ | = QY IC = QY‘ IC =
Vee= Vee= V.=

29 Bl g B (Ghatin Fovie a5 - F-0-YF

peSglenl (gaxio 59,

v

S5 3l oSG S Slas _ie plw -F-0-YY

SF il 64,0 YO lae &l > a0 0 BOYYY

S5 Bl g (ghastine Sovie owy p—-0-TE

Sl e 3y Dl ss ol 5 BCYYY



BT SO FERTONINCESPOEIWICIES SVAR IR B AR W

DC L Ls

500290 100

V/Div. mV/Div
Y-Gain 2

500200 100
I 1
2 O 20
5 5

20 2
VIDiv. mV/Div
Y-Gain 1
1 500200,

2 50

D Ch-10 D Dual © 12 ° 2100
Ch-20 X-Y O 2050 25

100,00 05 1
CHlDé)c G%DAOCO CHZD,% G%DAOCO mS/Div WSIDiv

Time base
Time _ Volt \olt

Div — Div - Div

BRID Sdaie Sixie 9, Ip il s a3l —&€-Y )log0s
298 53153

—=0 $9, Re @l s 51 () p-F-0-Yo

So o b S ey S g gy 5 (25

500290 100
1 50

2 O 20
5 5
10 10

0 2
VIDiv. mV/Div
Y-Gain 2

I 500200100

1 50
2 O 20
5 5

10 10

0 2
V/Div. mV/Div
Y-Gain 1
1 500200,

50

o

5 20
D Ch-10 D Dual O 10 ° 10
Ch-20 X-Y O < s 2

50
100,09 g5 L
CHIDE%GC,\?D,S:O CHZDDO(:G%DS:O mSII_Dlv‘
Time base
Tl—r.ne: ------------- V0_|t (Clrlil==sersame=e V(_)|t Clr2==sersemse=q
| Div Div Div J

2953 3513 &y bga po (29D shuasuine —E-) Hldges

vV “F-0-Y0
I. = 5C o, mA
R
VR
[y =—DB = A
B R, u
VCE o fittetereccancsscascsnnnnns V

Jl""i'““’ <=9 )L‘Jﬂ ‘—’l)':""‘" )-" )y -f-0-Y¥¢

¥ B (9P (S (S, (VCE) AF g5

F¥




s 3| fagemsiliy Loy oo (S0 ks 51 -F-0-FF | =

| |
B B B
) Qs IC = Qv IC = Q\' IC =
.Y ;8 3 VCE 3 VBE 9, B sahis )b 4 A V.= V.= V.=

ool ol 25,5 —orio a5 —F-0-F)

S o

O G4l s 5 5t 3l Cunsy -F-0-F0

3,10 418 B galais o egaunily lawg pw a5 sl jo

E35nis ) a3l b (00)8 (Sais euw)l Jas

S 0 Y g g Bl Cansg (o p -F-O-FY
IR A a0 (it Cenglie) yioguusily lawg yu a5

RPN

Yo




sobe palesl sz sl oas ol gl o p25 -¥-F

A

elel yie oo 5l ool il b oS’ 5,900 yo -F-V-)
axr LS o 1) Heao 3l il g 5985 slaasly

e 7 b S pasia | ol ol oo ala b

L Tj Prot lc VegoVego sl -F-Y-Y
Maximum Ratings) jlxe o35k polie 4 axxlye

' BRLNE S SleMbl (645 5 4o
Maximum Ratings

Parameter Symbol
Collector-Emitter Voltage Vs
Collector-Emitter Voltage Vceo
Emitter-Base Voltage VEBO
Collector Current Ic
Peak Collector Current Iem
Base Current Ig
Power Dissipation at Tamb=25°C| Py

¥5




I{\= fv KQ & 9@;‘ FVF IS IO B Y = VCEO

Gt 5t 35, 50 IS5l 4z g oliyS L] = Vego

WX SO XY

)L.Jj as e LA T I L )L—\—A O -f-v-v
e S5, 65 4 web ok LS AF Wse 295

e 7 035 (ga (g, (Shatine

oY ye al, ba > o FVF ISl o -F-V-F

e b $090 0 S Ta>

sl 1, Rp a5 550 o $-V) St o —F-V-f

IRV o KV IRV EX GO (W VI EpPUL g 3

v




Js cakad glacdl> $-)F S 4 axslye L -F-V-V

ST I Y VISCIRVEL S g JRVCONES | 3 U

WSS
( ~N
- y

4z Hsie il glily Jlad (abad slacdl> -F-Y-A

A 7 Syl Hles IS

( N

A




F soleds GiuloT Sb bl -F-A

. l: . .
) Sopd | S0y . .
: - Ol 5o )
L A ok S| (3l
o815 Ol o (sl ol 5 pb A Lzl
.................... -
\ ‘_;)&M}CA;JU«.A Q“}:ﬁ Y
.................... -Y
\ el OS Cale,| ¥
Io‘fﬂf QL;JJ& LS‘*‘-“J’U’
Y S Gl ks f
VY f&o)uﬁﬁbj-"&‘ﬁ‘&‘fw O
vy Voold gL ol o | Y
5 SL 5G| A
?J&é:‘yb-rbjrb
e glasl o

¥4




oyl el aﬁo)w&u}i’

S5 JUSw slroniss Cy i

SinloiT S Cosa —0-1-)

W) Lg)L..;d..u....u )‘..\.o Lasss —0-Y-Y

_1:3. - m‘).}‘)du\.&g‘f\%é. . %MJ’“J‘)5‘)°M&J\?L§‘\M

[ =) =




16,180 5 BB e —0-Y-F G olwas o low (IS galadi Sl _aise -0-Y-F
O ools Lgos |, LLCD ... Gl o W

sobay glwans ghal bolie a5 -0-Y-V o yideo ol Q,

<o w_
|

o> CE—

<o w_
|

CE~

S o ygiSLS Qv

< w_
|

CE~

M (295 9 6099 JUSK—w ymgas -0-Y-0
$9, 3 pewsIse )0 S it el Goads (g5l

SECINER

Aol Joes ol 53 1 0k Ol (gaben
D gadats Slaize g puSojlasl -0-0-Y

5 55 3l I8 galads Slasie 5 pSojlail -0-0-Y
0-0-Y gal> o polie b )] aslis
A0 § (530)9 SladBIyw }gua3 pailus Jas
idle)y CoTuwglunl )




)L\.o.a )‘ oola .l l: IL QL’)} ‘_gd.«_».al.’?m -0-0-\Y

'VRL ol (§ 53 ol

U Volt, p
V,

[ =—L = . mA
1{L

&S o3lal 5y 5l eolawl LI jlade saiwloes —0-0-1Y

RS &.MSL‘LA 90 ) ol

Vg =i Volt,

V= Volt, p

VRS = S - i D eseecssscerensonnn VOltP P
V L

[ =—3 = ViV mA
Ry Ry

S yitn il (o0 gl

Aj=e
1 Il

6)L < ;,JL‘>)J )L).o )us (S0 42 64.«».«»[.700 -0-0-4

A.. = VOPP\ —
\A

VPP\ V'PP\

1 1

G0l Il 45 Jloke 5s (g0 4 (Ghmmsline —O-0-1) 0

Csdsn oy sl (29,5 4 R =YK

Voppv = VOoFL —

A.. = VOPPY _ VOFL —
Vy -

VPP\ V'PP\

1 1

5 .6,lo,L Sl o 5kl (g0 e (g lio —O-0-V)

&b

oy




H}P u_ABLM )_>QL£LA Lsd._».uLﬂA -0-0-Yo
50-0-1F oo o i Lisee cllo o oo (g S0l
H-0-14

P L9 96999 o0 JS—b a5 —0-0-YY
b ks s F L

500200 100

VIDiv. mV/Div
Y-Gain 2

500200 100
| 1 50

2 O 2
5 5
10 10

20 2
VIDiv. mV/Div
Y-Gain 1

4 500200,

00
@ 2 50
5 20
D Ch-10 D Dual O 10 ° 10
Ch-20 X-Y O < ) g
100599 5 L

CHILIQ & 2@® CH2[ 1R Sy 2 @ 'msibiv psibiv

Time base
Time \Volt Volt
—= —CHI1=-eeee -
Div Div Div

2953 33155 (63999 9 A9ID ZToe JSub —0-) Hldges

oY

oolawl L: 59,9 WBLM )LXM 61.50)‘;.\;‘ -0-0-\0

I g Vi polis sl

oAMSwj.‘u @9)5 S SLE.A Lg).sfo)'bd‘ -0-0-\¢
Al 45 0 (6 ,uSo Il 5 olie 5l eslii_wl b (RQ)
VOorL) &5t s VOND) & b

VONL = OPP\ e ictscccescscssncasss V

VOFL == OPPY e iecttsccassccacsane V

R, = (Vone — Vor) xR

VOFL

b 3l 295 Saglie (s =Sojlul -0-0-1

Rp, lray jregenily ools)) 3

R S eerreeenneees Q

Potentiometer

R =Ry = Q

Potentiometer



o (6503l (slaceS midgi 5 dulio -0-0-YA
S pidee il (godiS o gds (gl

0-\ o ylads Jgua

S oloi | ladie

&5)14.‘5! Al o 5Ldg g0 e AV\

O3 9929 9 5ulo,b el 4o 5Ly o i

Cy bt

o998 9 ooyl <l o 5Ly (o

Cy bt o3&

CE gl gore | Aj

CE (5093 cunglio | Rj

CE 79> gl RO

CE ;6 &M sassl) [0)

03 03ub Auwlxo 9 03w (5 35 0 )15l (GlamueS

I pdaiao piaol (50 IS g

O 5B DS (sagly ok (saalne -0-0-YF

g3 RULT T

VOPP r T eesessscccscsssseee V
Vippy Zeeeeereeereeeneeen \%
A VOPPY’ _
VY/ - V T eecscscececccen
iPPy

99 59yl 5Ly (o Hlade (sawlie -0-0-YY

:bsl O35 e 5 bk ol b el

of



5 S s et (GOOS Capsl e S —0-O-YY

DC 5 sakais s 550l

G OuYy (56315 C1085 Jlas eaw)3 Jas

oot od—iS o5 DC IS ga o (6,50l

T3 9 8999 Sy arels (6 S ojluil -0-0-TF

WS s et (GOMES Cagl o

0o

JL‘i““ S u““"lsjs ‘—")-H-’U )-«JIS 3] -0-0-Yo

695 59939 3y aals i Sl o 2 -0-0-T)



eolie 3l oolil b ol 1> g0yt sdmline —0-0-FF

I s L

(=

o h SIS

9 0 Lg)._,fo)"..x}‘ ﬁoLE.,a )| oola_wl L: “5/

V= \Y%

L= mA
V.

R =—=. Q
I;

'J .o )Ss

L

ol Jain pogawily Cooglin 6,50kl -0-0-FA

bl

R

Potentiometer ~—

'6)L.’s? cJ 5o )LJg L Lgd.{.wbm -0-0-YY

--------------

A. = VOPP\ _ VONL —
Vy T - -
V'PP\ V'PP\

1 1

o o o 5y g0yt (6 yeS oIl ~O-0-Y4

8,k
VOFL = VOPPY e tecesssccscscscanes V

..............

Vg =i \Y
V= \Y%
Veg = Vs = Vi =, \Y

Rg 5 VRg nolis
I. :VRS :VS_\ZI =
1 RS RS




$0AS Cughs ialejl 0 sdel oy G -0-0-0 0

‘J . oo QM{:-?
0-Y o ladi Jga
s.«.oS Slos )‘»\M

CB ke > 4o 5ty o0 | AV

CB s,k cdl> o 5Ly g0 40 | AVy

CB bz o

9 T 9 89,9 Sz JS—b w5 —0-0-F4
CB > cwglis| R ]
T 0 Loy ] o 56 B (g Sl

CB BlERE () 500200 100

50

2 20

03 030k Ao 9 03ub (5 335 0133 (SIS 5 o 5

10 10
20 2

oF ik LS°3"Y‘;H)53 V/Div. mV/Div

Y-Gain 2

500200 100

I 1 50
S yia )5iSIS ke JS5 -0-0-0) QD
10 202 10

V/Div. mV/Div
Y-Gain 1

20
D Ch-10 D Dual O 10 ° 10
Ch-20 X-Y O 2050 25
0 0 O 0 0 O 12005
CHlD DC GND AC ° CHZD DC GND AC ° mSIpIV ‘
Time base
Time _ Volt Volt
Div — Div Div

D9 3313 (6399 9 P9I oo JSub —0-Y Hldges

¢ = °
Gyiie je35L5 Jlas (SAbES @) Jas

ov



I = — i
" R R

S S
L= mA

ol slesla wlb A ke (gawlxe -0-0-04

Il 9 IL ol Lg)jo)‘..bl

L= mA
I =, mA
A, =L SR

S S o3l polie jleslawl b Rj (saulne —-0-0-F0

Ij 3 Vi eas

Vo= \Y
L= mA
RI:%: N Q

polis jleslawl b R lade ga—wlse —0-0-7)

VOFL 5 VONL oo s x5 o5l

VONL Seeeeeerererrennenns \Y

VORL Seevereerervenenns \Y

Ry = (VONL _VOFL) xR, =
VorL

RO T eesessescscnesssne Q

g Lgo..\.;.;f&..mii} )lf Lg:\.]a.iij 6)-:5")"‘-\3‘ -0-0-0Y

J Y
VBE_ ......... VCE_ .........
IC: ........... IE: ...........

Sloslaiwl b jlae Ay lode (awlxe —0-0-00

W) Lgﬁfo)“..\.i‘ ﬁol.'é.a

\/ipp T iieresterssssssannnnns V
A. = VOPP _ _
v V = S eeecreesranes
iPP

Vi = \%
A \%
VRS - S_ 1: ................... V

OA




Coghl 40 odal Cawsds polie | Jol> zls -0-0-FY
oS i yiSIS goaisS

o-Yy L;oJLa.-.ﬁ Joua

LoreS slos i

CC )L:.ls 60;&,} AV

CC by> o Al

CC 5999 WjLM Rl

CC ‘5>5).’> ngnA RO

CCeuwsl | O

03 03udb duwlxo 9 03uh (5 35 0133 (Slamues

oS piaiie HgiSLS (S0 IS g

9 T 5 S99 Ty— JS—b e 0-0-FY

.LQQT O )13 A 6“'.’.5‘} 6)::50)"4-3‘

= 500290 100
1 50

5 5
10 10
20 2

VIDiv. mV/Div
Y-Gain 2

500290 100
I 50

1
2 o 20
5 5
i
1 1
0202 "

V/Div. mV/Div
Y-Gain 1

1 500 200 100
2 50

5 20

Ch-10 Dual O 10 ° 10

D Ch-20 I:‘ X-Y O 200 25
00 1

5
100200 05
CHI[ IR o o ® CH2[ | 5 2 © mS/Div PS/DiV|

Time base
\Volt \olt

U S e CH1=-eeeeees CH2= -oveoenees

Div — Div Div

b aoglie b (53999 9 52903 Zoo JSub —0-Y Hlgas

04




5B ousSlas lawe —0-0-F0

B (503335180 Hlas (sabd) ey Jos

goaiiSTaz e DC IS Llis (g 5ojlul -0-0-5F

Voy 5 Voy slazs,> goe JS& pum 5-0-0-F4

= 500290 100
1

50
2 o 20
5 5

20 2
VIDiv. mV/Div
Y-Gain 2

) 50

2 o 20
5 5
1 1
0 20 2 .

V/Div. mV/Div
Y-Gain 1

4 50020044,
50

I 500200 100

2
5 20

D Ch-10 D Dual © 10 O 10
ch-20 X-Y O 2050 25
100200 05 1
CHILIS £, 2@ cH2[1S & 2@ 'msiiv usibiv
Time base
Time _ \olt Volt

Div — Div H Div

Vo, 5 Vo, sla295 Zgo JSib —0-E )ldg03

S yond ).,.,.,e‘ 60&.«.5;»9.&4 xoLEA de.?- -0-0-7%
o] 890 )0 oy 5 S e ,5SISy S ids

O-¥ L;aJLm.‘& Jou

CaoS CE CB cc

¢

CC 9 CE CB (50345 =g £95 am sldrduazuine

&




0 L5°)L°“"’ wla)] )‘ J..al? “sd..ué‘o} 9 CJL.A -0-% 9 VO\ dbgfﬁ)" T J.L.w LSM‘LEA -B-0-Yo

5B g aels Ll 5l Vigy

e N
4 N\
\§ J
.d&.ﬂLo)'T 3,90 lae o Slos zo s —0-0-Y)
e 2
N J
\ J

29




S W RO samlre Jgo 8 -0-Y-Y

e 51 Cy 5l a5 (g5 y0 O-F JSs 0 -0-Y-)
Dz 0 Tioe Ll S5 (50500 40 (5 i 4z D95 o

SRS Tyl

— 935y By 1> RO (5 anloro y0 -0-V-F
S ol fowl 2 s ], St il (goaniSEy gl 0 )5 -0-V-Y

-

Y




SloodiiS Co ol 5| S 2 0-F Jouzr 4455 -0-Y-0

Jdoaz 4 0-F S 58 goaisSTas Jlae o -0-V-F

&9 ol Voy 5 Voo sleo>g,5 50 sy sasls
fan] il LT 55

143




O ol uwl.o)T L;""U")J| -0-A E}

—

. U . .
&) oo o o .
; . Ol s a3,
L A okd S| 3l
015 Ol o (S sl il gl g pb \ Ll
.................... - P
\ (PRI )‘ GM Lga:l.&.‘.‘..»\ Y
.................... -Y
) S il 8 wbs| ¥
BLINS ) 2
68518 Ol e lasl fous =
| oS 5 oS i Ol | F
| sl OIS Sale,| 0
\¥ aéo)uu&ibJT‘g‘ﬁ‘&‘f@w 4
Vo 0 soled Gb S50 2l | Y
.......................................... ;JJ 3 (P A

5¥




Sl T IS Gan —5-1-)

CF S conds el 250 -l S V.Y

O ools gz |, CD oo Fo,b 5o o3 92 b AND

ool Ooslss g

iabeT e (a2 sy -F-0-1

il e )53 5 2l i

— L - lses o0
Ole)] 3)0 Ylas (SANES Euw)s Jas

70




Sialesl 950 Hloe (galES gus, -F-0-F -F-0-Y

P\ o ylads Jgaa

Pelsh =95
| st
)L’ 43.......2
aws | 3L
Jileil )0 )lxs (Sl )3 Jas Ao | A
Jsoz 53,8 Jals-£-0-0 Trog 9 S5 ol Ol g Somo Jgaz i F-0-F
7Y gcJLa.u‘a Joua Olye 5o
A B O“:’B) LED (“'JS) VO )‘)-’ - .
J‘S“BL.‘. ‘:?”_;,
b sk
)b AL )
s | 3L
s | 4
Trog 9 oS ol plag Some Jgu e 5 -F-0-F
-OT%% e
( N
. ) 9 )

144




Gl Jobeo sloojlow 0550 10 rogi —F-0-) ¢ ieley] 8590 o (GAEES sy ~F-O-Y
NOT 4 OR AND lacos

Uiale)T 3)0 )las (sl euw)3 Jas

3o 95 JolS —#-0-A

-y L_;oJLa.«.f.’a Jyu

ool low  cdids —5-0-\) o9y LED ol et g .
OREIRF e S ) A ,,)Bb =95 Wy | Wyl
Sipelsl
5k

oy 9 oS pb plo g Como Jgaz e 5 -F-0-1

O 9550 50

Uinlejl 3100 )lss sahds ey’ Jas

o R u.cjl.o.c J— 9O )L_Jj (5)_50)‘u\)‘ -7-0-\Y
-1 IS lae gl el slacdl>

4%




5 cilite SV ) g5 5y s peSoslail 501D
@fé;ﬁmcé)y)é@mijubbm

7~ goJuﬁa Jou

7—¥ L;aJL«.Z Jyu

& B =95 s Y 51y

. \

\ .

\ \

....... oS o Joda
4 N
\§ J
ol 9l 5 cuS ol -F-0-18

4 N
\§ J

| A B s 81y
‘ * *
Y . \
Y \ .
¥ \ \
....... i wsswo Jgda
550 S e oSkt 350 )0 by -F-0-VY
.QT PL? S
- N
S Y,

U";..:Loﬂ 3,90 Hloe (gAld e, -F-O-1F

Uinale) 3)0 )lss (saihs eaw)s Jas

A




.&LA)"\ S50 CuS Cono Jgu —F-0-Y)

s 3L oS ab-p-0-YY

685 5 50 0o ools SL oMbl (g4 5 -F-0-YY
=) Sl

5400 / DM5400 / DM7400
Quad 2-Input NAND Gates

® General Description
This device contains four independent gates each
of which performs the logic NAND function.

e Features

Alternate Military/Aerospace device (5400) is
available.Contact a National Semiconductor Sales
Office/Distributor for specifications.
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
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Input Voltage 5.5V
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Absolute Maximum Ratings 4 e @on S0 el 2050 52 ety SV TOTY
LM741 )‘fd"-‘“‘" BIAVIN =%
1 |Supply Voltage 22V
2 [Power Dissipation (Note 2) 500 mW
3 |Differential Input Voltage +30V
/4 |Input Voltage (Note 3) +15V
5 |Output Short Circuit Duration Continuous
6 [Operating Temperature Range -55°C to +125°C
7 |Storage Temperature Range —65°C to +150°C
8 [Junction Temperature 150°C
9 |Soldering Information
N-Package (10 seconds) 260°C
J- or H-Package (10 seconds) 300°C
M-Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 215°C
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Electrical Characteristics

o LM741
Parameters Conditions . Unit
Min | Typ |Max
Large Signal Voltage| TA=25°C , RL=2KQ
! |oain VS=£15V, VO=+2V | 50 |200 V/mV
Output Short Circuit Ta=25°C 25 mA
2 lcurrent TAMIN <TA<TAMAX mA
3 [Slew Rate Ta=25°C, Unity Gain 0.5 V/us
4 |Supply Current Ta=25°C 1.7] 28| mA
Power Consumption |Tp=25°C
5 VS=+20V mw
VS=+15V 50 | 85 |mW
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Electrical Characteristics

. LM741
1 Parameters Conditions - Units
Min|Typ |Max
Input Offset Voltage |[TA=25"C
=l 1.05.0 | mv
Rg<50Q
2 3 mV
Tamin sTASTamAX
RS<50Q mV
RS<10KQ 6.0 | mV
3 Input Offset Voltage [TA=25°C , VS=+20V ==ili5 mV
Adjustment Range
a Input Offset Current [Ta=25°C 20 {200 | nA
TaMIN STASTAMAX 85 |500 | nA
5 Input Bias Current |Ta=25°C 80 [500 | nA
TAMINSTASTAMAX 1.5 | pA
Input Resistance TA=25°C, VS=+20V|0.3|2.0 MQ
6 TamINSTASTAMAX MQ
VS=+20V
Input Voltage Range |Tp=25°C \
7
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Metal Can Package Ceramic Dual-In-Line Package
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NON-INVERTING INPUT

Note 8: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 8),

LM741AH/883 or LM741CH Note 9: also available per IM38510/10101
Note 10: also available per JM38510/10102

ez
Order Number LM741J-14/883 (Note 9),
LM741AJ-14/883 (Note 10)
Dual-In-Line or S.0. Package
ez Ceramic FlatPak

—OFFSET NULL

OUTPUT

=INPUT
+INPUT

+OFFSET NULL

Order Number LM741J, LM741J/883, LM741CM,
LM741CN, or LM741EN

See Number LM741W/883

. See NS Package Number WI10A
e p
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1. Input Resistance

2. Power Dissipation

3. Soldering Information

Can Package Dual in Line Package

.2 5 |, Ceramic Flat Pack 4 Metal
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LM741
Operational Amplifier
General Description

The LM741 series are general purpose operational amplifiers The LM741C is identical to the LM741/LM741A except that
which feature improved performance over industry standards the LM741C has their performance guaranteed over a 0°C to
like the LM709. They are direct, plug-in replacements +70°C temperature range, instead of —55°C to +125°C.

for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many features which make their application
nearly foolproof: overload protection on the input and

output, no latch-up when the common mode range is exceeded,

as well as freedom from oscillations.
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 6)

Supply Voltage

Power Dissipation (Note 2)
Differential Input Voltage
Input Voltage (Note 3)
Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range

LM741A

+22V

500 mW

+30V

+15V
Continuous
—-55°Cto +125°C
—-65°Cto +150°C

LM741E

+22V

500 mW

+30V

+15V
Continuous

0°C to +70°C
—-65°Cto +150°C

LM741

+22V

500 mW

+30V

+15V
Continuous
—-55°Cto +125°C
—-65°Cto +150°C

LM741C

+18V

500 mW

+30V

+15V
Continuous

0°C to +70°C
—-65°C to +150°C

Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215°C

See AN-450 [Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.

ESD Tolerance (Note 7) 400V 400V 400V 400V
Y Electrical Characteristics (Note 4)
. LM741A/LM741E LM741 LM741C .
Parameters Conditions " " . units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage |Tp=25°C
RS<10KQ 1.0 | 5.0 2.0 | 6.0 mV
Rg<50Q 0.8 | 3.0 mV
TAMINSTASTAMAX
Rg<50Q 4.0 mV
Rg<10KQ 6.0 7.5 mV
Average Input Offset 15 uv/°oC
Voltage Drift
Input Offset Voltage |TpA=25°C, Vg=+20V +10 +15 +15 mV
Adjustment Range
Input Offset Current |TA=25°C 3.0 30 20 | 200 20 | 200 nA
TAMINSTA<TAMAX 70 &5 | 500 300 | nA
Average Input Offset 0.5 nA/°C
Current Drift
Input Bias Current Ta=25°C 30 80 80 | 500 80 | 500 | nA
TAMINSTASTAMAX 0.210 1.5 0.8 HA
Input Resistance Ta=25°C, Vg=£20V 1.0 6.0 0.3 2.0 0.3 2.0 MQ
TAMINSTASTAMAX 0.5 MQ
V=420V
Input Voltage Range |TA=25°C +12 | £13 \%
TAMINSTASTAMAX +12 | £13 v

VoY



Electrical Characteristics (Note 4) (Continued)

" LM741A/LM741E LM741 LM741C .
Parameters Conditions - = - Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage |Ta=25°C, R >2KQ
Gain Vg=+20V , Vo=%15V 50 V/mV
Vg=+15V, Vo=%10V 50 | 200 20 | 200 V/mV
TAMINSTASTAMAX
R >2KQ
Vg=+20V , Vo=%15V 32 V/mV
Vg=*15V, Vo=+10V 25 15 V/mV
Vg=£5V, Vo=+2V 10 V/mV
Output Voltage Swing |Vg=+20V
R >10KQ +16 v
R >2KQ S2d L5 v
Vg=t15V
R >10KQ +12 | £14 +12 | £14 v
R >2KQ +10 | £13 +10 | 13 Y
Output Short Circuit |[Ta=25°C 10 25 35 25 25 mA
Current TAMINSTAST AMAX 10 40 mA
Common-Mode TAMINSTASTAMAX
Rejection Ratio Rg<10KQ , Vep==12V 70 90 70 90 dB
Rg<50Q , Voy==12V 80 95 dB
Supply Voltage TaMINSTASTAMAX
Rejection Ratio Vg=%+20V to Vg=£5V
Rg<50Q 86 96 dB
Rg<10KQ 77 96 77 96 dB
Transient Response Ta=25°C, Unity Gain
Rise Time 0.25| 0.8 0.3 0.3 uS
Overshoot 6.0 20 5 5 %
Bandwidth (Note 5) |Ta=25°C 0.437| 1.5 MHz
Slew Rate Ta=25°C , Unity Gain 0.3 | 0.7 0.5 0.5 V/uS
Supply Current Ta=25°C 1.7 2.8 1.7 2.8 mA
Power Consumption |Ta=25°C
Vg=+20V 80 | 150 mW
Vg=£15V 50 85 50 85 | mW
LM741A Vg=£20V
TA=TAMIN 165 mW
TA=TAMAX 135 mW
LM741E Vg=+20V
TaA=TAMIN 150 mW
TA=TAMAX 150 mW
LM741 Vg=£15V
TA=TAaMIN 60 | 100 mW
Ta=TAMAX 45 75 mW

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate
conditions for which the device is functional, but do not guarantee specific performance limits.
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Electrical Characteristics (Note 4) (Continued)

Note 2: For operation at elevated temperatures, these devices must be derated based on thermal resistance,

and Tj max. (listed under “Absolute Maximum Ratings”). Tj = TA + (6jA PD).

Thermal Resistance Cerdip (J) | DIP (N) HO8 (H) | SO-8 (M)
0jA (Junction to Ambient) | 100°C/W | 100°C/W | 170°C/W | 195°C/W
0jc (Junction to Case) N/A N/A 25°C/W N/A

Note 4: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.
Note 5: Unless otherwise specified, these specifications apply for VS = £15V, —=55°C < TA < +125°C (LM741/

LM741A). For the LM741C/LM741E, these specifications are limited to 0°C < TA < +70°C.
Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.

Note 8: Human body model, 1.5 KQ in series with 100 pF.

Connection Diagrams

Metal Can Package

oFFSET NULL( 1)

INVERTING INPUT QH

NON-INVERTING INPUT o

_ DS009341-2
Note 8: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 8),
LM741AH/883 or LM741CH

Dual-In-Line or S.O. Package

DS009341-3

Order Number LM741J, LM741J/883, LM741CM,
LM741CN, or LM741EN

V00

Ceramic Dual-In-Line Package

™
™
o
<
=
,_')
—
N
N~
= ~OFFSET NULL
|
DS009341-5
Note 9: also available per JIM38510/10101
Note 10: also available per JM38510/10102
Order Number LM741J-14/883 (Note 9),
LM741AJ-14/883 (Note 10)
Ceramic FlatPak
1 10
NC NC
+OFFSET NULL NC
~INPUT V+
+INPUT OUTPUT
V- ~OFFSET NULL
DS009341-6

See Number LM741W/883
See NS Package Number W10A



Physical Dimensions inches (millimeters) unless otherwise noted

0.100

TYP
(2.540)
0.029-0.045
(0.737—1.143)
0.028-0.034

(0.711-0.864)

45° EQUALLY
SPACED

Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH

0.290
0.320

952+ 5°TYP
0.310

0.410

0.165-0.185
(4.191-4.699)

REFERENCE PLANE

0.035
% (0.889)
12.7 MAX
0.195-0.205 DIA e

(4.953-5.207) P.C.

0.115-0.145
(2.921-3.683)
DIA

Metal Can Package (H)

NS Package Number HO8C

R0.010 TYP

R0.025 TYP

0.180
MAX

0.200
MAX

0.008..

0.012 e

0.055 MAX
BOTH ENDS

Ceramic Dual-In-Line Package (J)

Order Number LM741J/883
NS Package Number JOSA

0.350-0.370
(8.890-9.398)
DIA

0.315-0.335
(8.001-8.509)

0.025 MAX
UNCONTROLLED

(0.635) LEAD DIA

SEATING PLANE
0.015-0.040
(0.381-1.016)

0.016-0.019

———F—FF  DIA TYP
(0.406-0.483)

0.400 MAX

0.220  0.310 MAX
0.291 GLASS

0.045

0.065T
0.005 GLASS
MIN SEALANT

YP

0.020
0.060

0.150
0.125 MIN
0.200

90° + 4° TYP

0.018 £ 0.003 TYP

0.100 + 0.010 TYP
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Data Sheet olic saox> 5 -1V-V-A

Parameter Symbol
Output Voltage Vo
Line Regulation AVo
Load Regulation AVg
Ripple Rejection RR
Output Noise Voltage VN S i ) VP-4 S e IWoV-Y
Dropout Voltage Vp
Quiescent Current lo _ Output
Quiescent Current Change Alg nput_F l
10uF 0.1pF ==
.. ol o o | Dy D, + 2
§ ‘g 1 [MCT8XX ]
Vo 5 . LM78XX
AVg ° =
AVg -4 Jsb
RR
VN
Vp
Iq
Al

\7V




«(Description) zoog Data Sheet ;| wledbl #| Sl -1¥-Y-4

\PA




1V oo GialojT ol bisl -1 F-A E/

—

éjj‘sa O yg0 W) u.:.uu 6LQ)L.!.A 9 Lbua:>Lw u.ul...u‘ » ‘sabu»))‘ Iabu‘

. L.; . .
a2 So So ol . .
: o Ol e )
L A ok S| (3l
015 Ol o (S sl il gl g pb Al Llall
.................... - P
¥ LolSms 3l peomes go3lial | Y
.................... -Y
) O SIS ks ¥
2285 Ol o (slasl fous
) oS 5 oSl Ol | F
| el DS Sale,| O
R \rdo)wd&ilﬁ)"d5|f“}:—‘fw \%
_ Y\ \‘ﬂ (5°)L“"i' LS’Lf-U;))‘ LSB-LG" > A
e Sl el el -
................................................................... ;A&')&}M q

154




s oladad slaasly 5Ldy (6 505l -YF-Y -0 b jlae 5l S5 gou—i Ol g4 —VF-Y-F
ieleyl 8,90 sl o 0dl (6 kel

V¥-Y o ylads Jgaa

9lss @0

Wy olaie | Al (50 Loy o axkad o

#%J’“&.‘)"J°M%%L§M

( oy

\V




CASE 77-08
(TO-225AA)
A STYLE 2
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A¥-Y o e (Data Sheet)
Maximum Ratings (Tj=25°C unless otherwise noted)
Ratings

Peak Repetitive Forward and Reverse Blocking
\oltage (1)

(Rg=1KQ) C106F
(Re= —40°C to +110°C) C106A
C106F
C106D
C106M

RMS Forward Current
(All Conduction Angles)

Average Forward Current

(TA=30°C)

Peak Non-repetitive Surge Current

(1/2 Cycle, 60Hz, T;=—40°C to +110°C)

Circuit Fusing (t=8.3ms)
Peak Gate Power

Average Gate Power

Peak Forward Gate Current

WA
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Dob‘od_le.‘?ﬁ ‘)CD ................. é_l)tf)é
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Cref so,leis SCR sloasl

C106
Series*

SCRs
1 AMPERES RMS
i0 thru 600 VOLTS
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2N2646 / 2N2647
PN Unijunction transistors

Silicon PN Unijunction transistors

...designed for use in pulse and timing circuits, sensing
circuits and thyristor trigger circuits. These devices
feature:

e Low Peak Point Current 2HA (Max)

e Low Emitter Reverse Current 200nA (Max)

e Passivated Surface for Reliability and Uniformity

PN UJTs
B,
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2- Circuit Fusing (t = 8.3 ms)

3- Peak Gate Power

4- Break Over Current

5- Very Low Leakage Current

6- RMS on State Current

7- Interbase \oltage (Vp,g,)

8- Storage Temperature Range
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1- Average Forward Current
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Product specification

High-speed diodes

1N4148; 1N4448

FEATURES

o Hermetically sealed leaded glass
SOD27 (DO-35) package

High switching speed: max. 4 ns

General application

Continuous reverse voltage:
max. 75V

Repetitive peak reverse voltage:
max. 75 V

Repetitive peak forward current:
max. 450 mA.

APPLICATIONS
e High-speed switching.

LIMITING VALUES

DESCRIPTION

The 1N4148 and 1N4448 are high-speed switching diodes fabricated in planar
technology, and encapsulated in hermetically sealed leaded glass SOD27
(DO-35) packages.

Ik:):@]:H:al —

MAM246

The diodes are type branded.

Fig.1 Simplified outline (SOD27; DO-35) and symbol.

In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VRRM repetitive peak reverse voltage - 75 \Y,
VR continuous reverse voltage - 75 V
Ig continuous forward current see Fig.2; note 1 - 200 mA
lERM repetitive peak forward current - 450 mA
lEsm non-repetitive peak forward current | square wave; T; = 25 °C prior to
surge; see Fig.4
t=1ps - 4 A
t=1ms - 1 A
t=1s - 0.5 A
Piot total power dissipation Tamp = 25 °C; note 1 - 500 mWwW
Tstg storage temperature -65 +200 °C
T junction temperature - 200 °C
Note

1. Device mounted on an FR4 printed circuit-board; lead length 10 mm.

YY'y
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Product specification

High-speed diodes 1N4148; 1N4448

ELECTRICAL CHARACTERISTICS
T; = 25 °C unless otherwise specified.

SVIVNI

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VE forward voltage see Fig.3
1N4148 I =10 mA - 1 Y
1N4448 IF=5mA 0.62 0.72 \Y,
Ir =100 mA - 1 \%
IR reverse current VR =20V, see Fig.5 25 nA
VR =20V, T; =150 °C; see Fig.5 |- 50 A
Ir reverse current; 1N4448 VR =20V, T; =100 °C; see Fig.5 |- 3 uA
Cq diode capacitance f=1MHz; Vg = 0; see Fig.6 4 pF
ter reverse recovery time when switched from I = 10 mA to 4 ns
Ir =60 mA; R =100 Q;
measured at Ir = 1 mA; see Fig.7
Vi forward recovery voltage when switched from I = 50 mA; |- 2.5 \%
tr =20 ns; see Fig.8

THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rih j-tp thermal resistance from junction to tie-point |lead length 10 mm 240 KIW
Rihj-a thermal resistance from junction to ambient |lead length 10 mm; note 1 350 K/W
Note

1. Device mounted on a printed circuit-board without metallization pad.

AARE




2N2218A-2N2219A
2N2221A-2N2222A

HIGH SPEED SWITCHES

DESCRIPTION

The 2N2218A, 2N2219A, 2N2221A and 2N2222A
are silicon planar epitaxial NPN transistors in Jedec
TO-39 (for 2N2218A and 2N2219A) and in Jedec
TO-18 (for 2N2221A and 2N2222A) metal cases.
They are designed for high-speed switching appli-
cations at collector currents up to 500 mA, and fea-
ture useful current gain over a wide range of collec-
tor current, low leakage currents and low saturation
voltages.

§2N2218A/2N2219A approved to CECC

50002-100, 2N2221A2N2222A approved to
CECC 50002-101 available on request.

INTERNAL SCHEMATIC DIAGRAM

C
8
NPN
5- Guus E
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vceo Collector-base Voltage (Ig =0) 75 \%
Vceo Collector-emitter Voltage (Ig = 0) 40 V
VEBO Emitter-base Voltage (Ic = 0) 6 \%
lc Collector Current 0.8 A
Piot Total Power Dissipation at Tamp, < 25 °C
for 2N2218A and 2N2219A 0.8 w
for 2N2221A and 2N2222A 0.5 w
at Toase < 25 °C
for 2N2218A and 2N2219A 3 W
for 2N2221A and 2N2222A 1.8 w
Tstg Storage Temperature — 65 to 200 °C
Tj Junction Temperature 175 °C

Y'Y
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2N2218A-2N2219A-2N2221A-2N2222A

THERMAL DATA

2N2218A 2N2221A
2N2219A 2N2222A
Rinj-case | Thermal Resistance Junction-case Max 50 °C/W 83.3 °C/W
Rih j-amp | Thermal Resistance Junction-ambient Max 187.5 °C/W 300 °C/W
ELECTRICAL CHARACTERISTICS (T, = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Un
lceo Collector Cutoff Current Veg =60V 10 nA
(le =0) Vcg =60V Tamb =150 °C 10 pt
lcex Collector Cutoff Current _
Vce =60V 10 n/
(Vee =—3V) CE
lesO Emitter Cutoff Current Veg =3V 10 y
(Ic =0)
IBEX Base Cutoff Current
Vce =60V 20 n#
(Vee ==3V) °F
V(sRr) ceo | Collector-base Breakdown _
Voltage (Ig = 0) lc =10 pA 75 v
VigRr) ceo” | Collector-emitter Breakdown _
Voltage (Is = 0) Ilc =10 mA 40 \Y,
V(er)EBo | Emittter-base Breakdown _
Voltage (I¢ = 0) le =10 uA 6 v
Vce (sat)” | Collector-emitter Saturation Ic =150 mA Ig =15 mA 0.3 V
Voltage Ilc =500 mA Ig =50 mA 1 \%
VBE (sat)” | Base-emitter Saturation Ic =150 mA Ig =15 mA 0.6 1.2 V
Voltage Ilc =500 mA Ig =50 mA 2 \%
hegg* DC Current Gain for 2N2218A and 2N2221A
Ilc =0.1 mA Vce =10V 20
Ilc =1mA Vece =10V 25
Ilc =10 mA Vece =10V 35
Ilc =150 mA Vce =10V 40 120
Ic =500 mA Vce =10V 25
Ic =150 mA Vece =1V 20
Ilc =10 mA Vce =10V
Tamp =— 55 °C 15
heg * DC Current Gain for 2N2219A and 2N2222A
Ilc =0.1 mA Vce =10V 35
Ilc =1mA Vce =10V 50
Ic =10 mA Vce =10V 75
Ic =150 mA Vce =10V 100 300
Ic =500 mA Vee =10V 40
Ic =150 mA Vece =1V 50
lc =10 mA Vce =10V
Tamp =— 55 °C 35

* Pulsed : pulse duraton = 300 ps, duty cyde = 1 %.



2N2218A-2N2219A-2N2221A-2N2222A

TO-18 MECHANICAL DATA

mm inch
DIM.

MIN. TYP. MAX. MIN. TYP. MAX.
A 12.7 0.500
B 0.49 0.019
D 5.3 0.208
E 4.9 0.193
F 5.8 0.228
G 2.54 0.100
H 1.2 0.047
| 1.16 0.045
L 45° 45°

0016043

YY'#
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Product specification
. ____________________________________________________________________________________________________________________________________________________|

NPN general purpose transistor 2PC4081

FEATURES PINNING
e Low current (max. 100 mA) PIN DESCRIPTION
e Low voltage (max. 40 V). 1 base
2 emitter
APPLICATIONS 3 collector
e General purpose switching
e Small signal amplification.
|:| 3
DESCRIPTION 3
NPN transistor in an SC-70 plastic package.
PNP complement: 2PA1576. 1
MARKING E|1 EI R 2
TYPE NUMBER MARKING CODE (1) Top view MAMOB2
2PC4081Q ZxQ
2PC4081R xR Fig.1 Simplified outline (SC-70) and symbol.
2PC4081S ZxS
Note

1. % =-:Made in Hong Kong.
* = t: Made in Malaysia.

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

1801 0dCl

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter - 50 \%
Vceo collector-emitter voltage open base - 40 \%
VEBO emitter-base voltage open collector - 5 V

Ic collector current (DC) - 100 mA
lcm peak collector current - 200 mA
IBMm peak base current - 200 mA
Piot total power dissipation Tamb < 25 °C; note 1 - 200 mW
Tstg storage temperature -65 +150 °C
T junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 °C
Note

1. Transistor mounted on an FR4 printed-circuit board.

YYA
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Product specification

NPN general purpose transistor 2PC4081
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-a thermal resistance from junction to ambient | note 1 625 K/W
Note
1. Transistor mounted on an FR4 printed-circuit board.
CHARACTERISTICS
Tamb = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcBo collector cut-off current le=0;Veg=30V - - 100 nA
le=0;Veg =30V, T;=150°C - - 5 A
leBO emitter cut-off current Ic=0;Vegg =4V - - 100 nA
hre DC current gain Ilc=1mA;Vce=6V
2PC4081Q 120 - 270
2PC4081R 180 - 390
2PC4081S 270 - 560
VcEsat collector-emitter saturation voltage | Ic = 50 mA; Iz = 5 mA; note 1 - - 400 mV
Ce collector capacitance lE=ie=0;Vecg=12V;f=1MHz - 2 3.5 pF
fr transition frequency lc=2mA; Vce =12 V; f=100 MHz | 100 - - MHz
Note

1. Pulse test: t, < 300 ps; 6 <0.02.

AR




M54HC1-
M74HC1-

TRIPLE 3-INPUT AND GAT

s HIGH SPEED

tpp =7 ns (TYP.) AT Vcc =5V
s LOWPOWER DISSIPATION

lcc =1 pA (MAX.) AT Ta = 25°C
= HIGH NOISE IMMUNITY

VNIH = VNIL = 28 % Ve (MIN.)

s OUTPUT DRIVE CAPABILITY B1R F1R
10 LSTTL LOADS (Plastic Package) (Ceramic Package)
s SYMMETRICAL OUTPUT IMPEDANCE
[IOH| =loL =4 mA (MIN.)
= BALANCED PROPAGATION DELAYS
tpLH = tPHL
= WIDE OPERATING VOLTAGE RANGE M1R C1R
Vcec (OPR)=2VTO6 V (Micro Package) (Chip Carrier)
s PIN AND FUNCTION COMPATIBLE WITH ORDER CODES :
54/74LS11 M54HC11F1R M74HC11M1R
M74HC11B1R M74HC11C1R
PIN CONNECTIONS (top view)
DESCRIPTION ~s
. ) 14 E tzl Vee
The M54/74HC11 is a high speed CMOS TRIPLE
3-2INPUT AND GATE fabricated in silicon gate 1 [ [ tj 1_3_| 1c
C“MOS technology.
It has the same high speed performance of LSTTL 2a 3 Ez] v
combined with true CMOS low power consumption.
The internal circuit is composed of 4 stages includ- 28 E :] c
ing buffered output, which gives high noise immunity
and a stable output. Allinputs are equipped with pro- 2C E E] K[}
tection circuits against static discharge and transient
excess voltage. 2y E 2 3A
ono | 3v
INPUT AND OUTPUT EQUIVALENT CIRCUIT

57061

B
1A

<[]

~[

-0 nc
1c

30 vec
Ha

— Vec Veeo ?——1 L
I
I
X /
I ouTPUT 2 O+ 1.5 v
- ¢ Ne [Os [l NC
! 26 [Je 1] 3c

; NC [17 1s[] NC
1 2¢ [ u[] .
-—d
NC = 9 10 11 12 1
No Internal R L M 5-7082
2005450 . (=]
Connecton = Z U g
N 0 ZE M ™

TTOHV.LIN
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M54/M74HC11

TRUTH TABLE

IEC Logic Symbol

A B Cc Y
L X X L
X L X L a0 P
X X L L 18 (2) (12} 1y
H H H H 1 _(1 3)
oa B) |
PIN DESCRIPTION 28 ) | (6) 5y
(5)
PINNo | SYMBOL | NAME AND FUNCTION %9
1,3,9 1Ato 3A | Data Inputs 3A ———
(10 (8)
2, 4,10 1B to 3B | Data Inputs 38 o] — 3
13, 5, 11 1C to 3C | Data Inputs 3C ——
12,6, 8 1Y to 3Y Data Outputs Le11320
7 GND Ground (0V)
14 Vce Positive Supply Voltage
SCHEMATIC CIRCUIT (Per Gate)
A O—
B O—
’ )o——l >o—| So—0 v
C
S-7063
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vce Supply Voltage -0.5 to +7 V
V| DC Input Voltage -0.5to Vgc + 0.5 \
Vo DC Output Voltage -0.5to Vgcc + 0.5 V
Ik DC Input Diode Current + 20 mA
lok DC Output Diode Current +20 mA
lo DC Output Source Sink Current Per Output Pin +25 mA
Icc or lgnp | DC Ve or Ground Current + 50 mA
Pp Power Dissipation 500 (¥) mwW
Tsig Storage Temperature -65 to +150 °C
TL Lead Temperature (10 sec) 300 °C

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functiond operation under these condtion is notimpli
(*)500 mW: =65 °C derate to 300 mW by 10mW/°C: 65 °C to 85°C

¥



M54/M74HC1

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vce Supply Voltage 2106 V
V| Input Voltage 0 to Vce \Y
Vo Output Voltage 0 to Vce V
Top Operating Temperature: M54HC Series -55 to +125 °C
M74HC Series -40 to +85 °C
tr, tf Input Rise and Fall Time Vec =2V 0 to 1000 ns
Vec =45V 0 to 500
Vcc =6V 0 to 400
DC SPECIFICATIONS
Test Conditions Value
Symbol Parameter Vee Ta=25°C -40 to 85 °C [-55to 125 °C| ynit
V) 54HC and 74HC 74HC 54HC
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
ViH High Level Input ﬂ 1.5 1.5 1.5
Voltage | 45 3.15 3.15 3.15 v
6.0 4.2 4.2 4.2
Vi Low Level Input | 2.0 | 0.5 0.5 0.5
Voltage | 45 1.35 1.35 135 |V
6.0 1.8 1.8 1.8
VoH High Level | 2.0 | Vi = 1.9 2.0 1.9 1.9
Output Voltage | 4.5 | VIIH l0=-20 pA | 44 45 4.4 4.4
6.0 | or 59 | 6.0 5.9 5.9 v
| 4.5 | ViL | 1o=-4.0 mA| 4.18 | 4.31 413 4.10
6.0 lo=-5.2 mA| 568 | 5.8 5.63 5.60
VoL Low Level Output | 2.0 | Vi = 00 | 01 0.1 0.1
Voltage | 4.5 |\, | l0=20pA 0.0 | 0.1 0.1 0.1 y
| 6.0 | or 0.0 0.1 0.1 0.1
| 4.5 | ViL |1o= 4.0 mA 0.17 | 0.26 0.33 0.40
6.0 lo= 5.2 mA 0.18 | 0.26 0.33 0.40
I Input Leakage 6.0 Vi = Vcc or GND 0.1 +1 +1 pA
Current
lcc Quiescent Supply | 6.0 | Vi =Vcc or GND 1 10 20 pA
Current

Y¥Y
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SEMICONDUCTOR TECHNICAL DATA

Order this document
by C106/D

Silicon Controlled Rectifier
Reverse Blocking Triode Thyristors

... Glassivated PNPN devices designed for high volume consumer applications such
as temperature, light, and speed control; process and remote control, and warning
systems where reliability of operation is important.

e Glassivated Surface for Reliability and Uniformity

e Power Rated at Economical Prices

e Practical Level Triggering and Holding Characteristics

¢ Flat, Rugged, Thermopad Construction for Low Thermal Resistance, High Heat
Dissipation and Durability

(4DS) 901D

C106
Series*

*Motorola preferred devices

4 AMPERES RMS
50 thru 600 VOLTS

SCRs

CASE 77-08

G A (TO-225AA)
K STYLE 2
MAXIMUM RATINGS (T = 25°C unless otherwise noted.)
Rating Symbol Value Unit
Peak Repetitive Forward and Reverse Blocking Voltage(1) VDRM Volts
(Regk = 1kQ) C106F or 50
(Tg =—-40°to 110°C) C106A VRRM 100
C106B 200
C106D 400
C106M 600
RMS Forward Current IT(RMS) 4 Amps
(All Conduction Angles)
Average Forward Current IT(AV) 2.55 Amps
(Ta =30°C)
Peak Non-repetitive Surge Current ITsm 20 Amps
(1/2 Cycle, 60 Hz, Ty = —40 to +110°C)
Circuit Fusing (t = 8.3 ms) 12t 1.65 A2s
Peak Gate Power PeMm 0.5 Watt
Average Gate Power PG(AV) 0.1 Watt
Peak Forward Gate Current IGFM 0.2 Amp

-

. VDRM and VRRM for all types can be applied on a continuous basis. Ratings apply for zero or negative gate voltage; however, (cont.)

positive gate voltage shall not be applied concurrent with negative potential on the anode. Blocking voltages shall not be tested with a

constant current source such that the voltage ratings of the devices are exceeded.

Y¥Y



C106 Series
MAXIMUM RATINGS — continued

Rating Symbol Value Unit
Peak Reverse Gate Voltage VGRM 6 Volts
Operating Junction Temperature Range Ty —40 to +110 °C
Storage Temperature Range Tstg —40 to +150 °C
Mounting Torque(1) — 6 in. Ib.

-

case-to-sink thermal resistance. Anode lead and heatsink contact pad are common.
For soldering purposes (either terminal connection or device mounting), soldering temperatures shall not exceed +200°C. For optimum
results, an activated flux (oxide removing) is recommended.

THERMAL CHARACTERISTICS (T¢ = 25°C, Rgk = 1 kQ unless otherwise noted.)

. Torque rating applies with use of compression washer (B52200F006). Mounting torque in excess of 6 in. Ib. does not appreciably lower

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case RoJc 3 °C/W
Thermal Resistance, Junction to Ambient RoJA 75 °C/W
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Peak Forward or Reverse Blocking Current IDRM: IRRM
(Vak = Rated VprM or VRRM. Rgk = 1000 Ohms) Ty =25°C — — 10 pA
Ty=110°C — — 100 pA
Forward “On” Voltage VTM — — 22 Volts
(IFm = 1 A Peak)
Gate Trigger Current (Continuous dc) IGT pA
(VAK =6 Vdc, R = 100 Ohms) — 30 200
(VAK =6 Vdc, R = 100 Ohms, T = —40°C) — 75 500
Gate Trigger Voltage (Continuous dc) VGT Volts
(VaK =6 Vdc, R = 100 Ohms, Rgk = 1000 Ohms) Tj=25°C 0.4 — 0.8
(Vak = Rated VprM, RL = 3000 Ohms, 0.5 — 1
Rgk = 1000 Ohms, Ty = 110°C) Ty =-40°C 0.2 — —
Holding Current Ty=25°C IHX 0.3 — 3 mA
(VD = 12 Vdc, Rgk = 1000 Ohms) Ty=-40°C 0.4 — 6
Ty =+110°C 0.14 — 2
Forward Voltage Application Rate dv/dt — 8 — V/us
(Ty = 110°C, Rgk = 1000 Ohms, Vp = Rated VpRrMm)
Turn-On Time tgt — 1.2 — us
Turn-Off Time tq — 40 — us

Tc, CASE TEMPERATURE (°C)

FIGURE 1 - AVERAGE CURRENT DERATING
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Product specification
. ____________________________________________________________________________________________________________________________________________________|

Triacs BT136 series

GENERAL DESCRIPTION QUICK REFERENCE DATA

Glass passivated triacs in a plastic SYMBOL | PARAMETER MAX. | MAX. | MAX. |UNIT

envelope, intended for wuse in

applications requiring high BT136- | 500 600 800

bidirectional transient and blocking BT136- | 500F | 600F | 800F

voltage capability and high thermal BT136- | 500G | 600G | 800G

cycling performance. Typical Vorm Repetitive peak off-state 500 | 600 800 \%

applications include motor control, voltages

industrial and domestic lighting, I+rms) RMS on-state current 4 4 4 A

heating and static switching. lrem Non-repetitive peak on-state 25 25 25 A
current

PINNING - TO220AB PIN CONFIGURATION SYMBOL

PIN DESCRIPTION tabm
1 main terminal 1
T2 T1

2 main terminal 2

3 |gate
tab |main terminal 2 t23 G
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134).
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
-500 | -600 | -800
Voru Repetitive peak off-state - 500" | 600" [ 800 \%
voltages
lrms) RMS on-state current full sine wave; T, <107 °C - 4 A
lrsm Non-repetitive peak full sine wave; T, = 25 °C prior to
on-state current surge
t=20ms - 25 A
t=16.7 ms - 27 A
1’ I’t for fusing t=10ms - 3.1 A%
dl;/dt Repetitive rate of rise of lm=6A;1g=0.2A;
on-state current after dlg/dt = 0.2 Alus
triggering T2+ G+ - 50 Alus
T2+ G- - 50 Alus
T2- G- - 50 Alus
T2- G+ - 10 Alus
lom Peak gate current - 2 A
Vem Peak gate voltage - 5 V
Pam Peak gate power - 5 w
Psav) Average gate power over any 20 ms period - 0.5 w
Tt Storage temperature -40 150 ‘C
T; Operating junction - 125 C
temperature

1 Although not recommended, off-state voltages up to 800V may be applied without damage, but the triac may
switch to the on-state. The rate of rise of current should not exceed 3 A/us.
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Product specification

Triacs BT136 series
THERMAL RESISTANCES
SYMBOL (PARAMETER CONDITIONS MIN. | TYP. | MAX. [ UNIT
Rinj-mb Thermal resistance full cycle - - 3.0 K/W
junction to mounting base | half cycle - - 3.7 K/W
Rinja Thermal resistance in free air - 60 - K/W
junction to ambient
STATIC CHARACTERISTICS
T, =25 "C unless otherwise stated
SYMBOL (PARAMETER CONDITIONS MIN. | TYP. MAX. UNIT
BT136- ..F ...G
lst Gate trigger current Vo=12V;1;=01A
T2+ G+ - 5 35 25 50 mA
T2+ G- - 8 35 25 50 mA
T2- G- - 11 35 25 50 mA
T2- G+ - 30 70 70 100 mA
I Latching current Vp=12V;l5r=0.1A
T2+ G+ - 7 20 20 30 mA
T2+ G- - 16 30 30 45 mA
T2- G- - 5 20 20 30 mA
T2- G+ - 7 30 30 45 mA
Iy Holding current Vp=12V;lgr=0.1 A - 5 15 15 30 mA
Vo On-state voltage k=5A - 1.4 1.70 \
Vgr Gate trigger voltage Vp=12V; I =0.1A 0.7 1.5 Vv
VD =400 V; Iy =0.1A; 0.25 0.4 - \Y
i =125°C
I Off-state leakage current \/ VDRM&nax - 0.1 0.5 mA
DYNAMIC CHARACTERISTICS
T, = 25 "C unless otherwise stated
SYMBOL (PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
BT136- ...F ...G
dVp/dt Critical rate of rise of VDM = 67% Vorumaxy 100 50 200 250 - V/us
off-state voltage T, =125 °C; exponential
waveform gate open
circuit
dV,/dt [Critical rate of change of |Vpy, = 400 V T,=95°C; - - 10 50 - V/us
commutating voltage lrMs
icom/dt 1. 8A/ms gate
open circuit
ty Gate controlled turn-on It = 6 A; Vb = Vprmmaxy - - - 2 - us
time IG =0.1A; dIG/dt =

Y5
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Product specification

Triacs

BT136 series

MECHANICAL DATA

Dimensions in mm
Net Mass: 2 g
-
- i
5,9
min
15,8
max
3,0 max
nottinned |
1,3 1
max
(2x) < 06
24
|
|
|
Fig.13. TO220AB; pin 2 connected to mounting base.
Notes

1. Refer to mounting instructions for TO220 envelopes.
2. Epoxy meets UL94 VO at 1/8".
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2N2646
2N2647

SILICON UNIJONCTION TRANSISTORS

Silicon Planar Unijunction Transistors have a structure resulting in lower saturation voltage, peak-point
current and valley current as well as a much higher base-one peak pulse voltage. In addition, these
devices are much faster switches.

The 2N2646 is intended for general purpose industrial applications where circuit economy is of primary
importance, and is ideal for use in firing circuits for Silicon Controlled Rectifiers and other applications
where a guaranteed minimum pulse amplitude is required. The 2N2647 is intended for applications where
a low emitter leakage current and a low peak point emitter current (trigger current) are required and also
for triggering high power SCR’s.

CASE

MAXIMUM RATINGS (*)

T,=125°C unless otherwise noted

Symbol Ratings 2N2646 2N2647
Vsie Base 1 — Emitter Voltage 30 \%
Vi2e Base 2 — Emitter Voltage 30 \%
lrrMs RMS Emitter Current 50 mA
lem Emitter Peak Current 2 A
Pror Total Power Dissipation 300 mw
T, Maximum Junction 150

°C
Tste Storage Temperature Range -55 to +175
ELECTRICAL CHARACTERISTICS
T,=25°C unless otherwise noted, Rgk=1000Q
. 2N2646 — 2N2647

Symbol Ratings Min Max

leo Emitter Reverse Current 12 pA
Base 1 — Emitter Breakdown Voltage

VerBiE e =100 LA 30 V

YFA
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2N2646
2N2647

Symbol

Ratings

2N2646 — 2N2647

Min Max

Interbase Resistance
Reso Vaigs =3V 4.7 9.1 kQ
n Intrinsic stand-off ratio 2N2646 0.56 0.75 )

Veig2=10V 2N2647 0.68 0.82

Emitter Saturation Voltage
Veisan le =50 mA, Vg =10V i 2:5 v
| Valley Current 2N2646 4 - A
v VB1BZ =20V 2N2647 8 B
| Peak Current 2N2646 - 5 A
P Vg2 =25V 2N2647 i 2 K

*Vprm Or Vrsm can be applied for all types on a continuous dc basis without incurring damage.

Information furnished is believed to be accurate and reliable. However, CS assumes no responsability
for the consequences of use of such information nor for errors that could appear.
Data are subject to change without notice.
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