(0905 Swi g w31 o5 yI5
(Js! )

(i lojT syl Sl yo g 515 g5w)
2030 Of 9o g S g wSI — S g w1 sl
ivd &

&l o9 S8 g0l 5L

YVoas Ly b lod

ablag ool Lo,

oS 0313Ls y dilay 1oWie /(Jgl W) soges Suig Sl olKiulejl g ol L5

148
AN
P9 Pl S8 - B9TOlgm Gl el (Fgmo dgame S (g pad YA
AVAF gl (oo sols SOy &
(Y48 0 0 ko glad o g S8 w03901) —. ygua0 . PIAF \yay

o Loy g2l )0 Ol o 9 S iSII- g sl (gladilsy (o) (5o
SLOLS Gl 5 (532,800 p (ygmmaaS Hgione Cogual g (uyp ()l g (G300
©,l59 SIS, g Slady> g (8 (o pd SLOLS Al b g SUN Ay (omi o

(858 9 390

P95 g (§ i — .0 00 o ¢ & 00 — . yannOME ¢ s A Do E )5 — g sl
3 LS Gdl 5 535800 2 gmmssS Ghygx 3 P390l @159 0lpl o ol
g 9.3 g g Senig SN Ay

Al




Olp! oMl (5 5402
0992 9 wigel ©)l3e
ig0l G 4ol g el (lojlw

:;.i;.cg,lj‘,.o]bﬁl.s,‘-;m;,btﬁa

Sl & oS ol gl e 50 0 85 ol b olalgi
3 S oS U B AVEN O § )l st (st = o) 5
o\uﬂ"lﬁﬁJLﬂjl «uw“lestldéJ’j‘;J

tvoccd@roshd.ir (Jﬂl))&rL,:
www.tvoced.medu.ir (Colwes ) o0

osh gy (goly = o &aliy 2! b ¢ lyima— b Jglaz el 5 gl Alr) sagar Saig i oliglos] g ol 1S liS

O 155 Sy 5 a3 ek 10 5 (Sl 5 26 guipo Sl il 180 g iU AL pmm (pgraneS a4
ond Pl VAT Jlo 13 ;588 ol (90l (sboog Sy 590l i 51 (8L 50 (slasloiion olol g Conslodm; (5595 5 o390
oBaolel g (bjgal olas slal38lp 5 5l oalitaal g T (yas o0 § Sy SN &) 50 Sa> (slasyglid 4 4z 5 b iz ]

S s LITAA Sl 10 9 28,5 )15 0,555l 050 i) ot (ypmaosa 50 03] (glyime B Jaaz VYA JLas 1o ccsjlons
A g5kl 5 b (£0+ I 5lie)

SIS 5 (18,3 g 28 oy slals Gl ias il oy g Tgimn (g3 540l
FAMY = (sl al>) (cogos Sadg Sl ol 15 :0liS 0 ylosisg ylgie
(oWae
033l ) Ay « o255 Slg (5 eatd ol 4l Fooo Sperme s IVAA JLu
G Cumzeade 00l5Ls ) il AYAY Jlw
68153 Mg LT dadigoglo atd b e ¥ sz (e yb (o (Sl Sg05m0 harme Slo Jgu 1 eSS (ygrmmneS (gL
O e yall (>l dazme 15 1L ) (g5l 1 90 9 (ool
Tl Sozme (BT lg (5 il pl el il 2yl
o 1) >l deone ) amino
e 3395 :0780) g amio g5Lu3b

WAF o 515 iply Jlu 3 Cug

(59,0 7V bls @8 pogases 83 WY egkS ool e8 = lnl (gpd SLGLS 1235 Sy 8,0 100

YYOVBIYY sty Ggaio « FRADIF- fSiy0n  FRAADIAN-D: ils

(3o Ated) Ghys 5 Ghisel T 8)leds platsls = (a0l ol (UL 5 = (cbjgnl Slse misi g iy culls JS 800 129 98 g ol oyl
www.chapschir :colucy AOATYEYYOR @ iy oS CAAY-AYES (500 cAMYVNSN-A: il

ol oads a B (2310,)5 g slad o g (6 o yd ool Ll s g Sl Al y (ot (ygumaeS 50 OUS ol (slgsiomo

(Sl Bgimo gl 5) ol (oB3901 (53078001 5 Ry lojls & i 5T ol ol 40 9 s « Gl 4y abgs o Sl 4l

WPF--0-12-F-Y Sl
ISBN 964-05-1904-2




99wl g (Sly cpl jlaSasS i S6S e Ll

3 5a e il IS 51 9wl Jole (Jbogs

(i 2 6 B ‘s.u.oé ﬁLo‘




el 5 gtabeil e
S sosled talejl 555l B i e
\# ui‘-ll-‘)" LS‘)-?" J}‘,A—\—O
ol oo pudais B ool iV -f
Y VPR | Y
e i) A
Yo 5Ly (gouicS iy 99 9 ¢y Lo (G AR guseo — ¥ (g0 Lo i Lo
ve OACS Sguxo g oS (s sloe - ¥ g0kl ulojl
¥ s Bl (o295 Grasin (Soe - B geyleds s loj
oY S2s5 JUSw soaiss o sl — B oLl iuloj!
PY siliie 51aojlgs — # 5o jlesd Lo
YA 039y <y — ¥ (g0l Slaloj
AY JFET) g lawe 51 jgims 315 — A (g0 3losds s loj]
0 ab Wi glroudds ool - 1 g0 kel yiuloj]
Vo) @8 Groniss o gy — 1+ o, Lo (o]
y.q 3B gouiSTas g Lol bhodics gy — 1) o Lot inlojl
1\ ¢ Sllos (Gouiis o gl — Y (g0l iy lo]
\YA wda Zodizxo U Hlue 5Ly eusaS aubiss — VW go b Gulosl
\Y§ Sixiwo Sy SN lakad — VP g0 Loy Ly Lo 3]
VEA 05950 1)l =10 (5o lods Lol
Yov (Flip-Flops) LoM—cudd — 18 g0 ylois i lo !
\5Y S G g Sanz syl — 1V (golads (Sl
VEA o yloss 9 U i 5 i — VA g0 Loy i Lo
VWA &3l (50395 wiged Wiz (g4l

v




'o)xmol)ls.mlgu:éw

Sl A e 4y 5 S i8Il gadsy 50 s i pgs Jlo sl s lgans (221051 )0 S B 50 (sagae g Sl olSigles g ol lS LS
shos Sogor ol aly 55 5 (655 S ygom ol asly S g o)l BT 658 a5l e (al a5 T jlogse L2l Sl o sl YE - g aiie o
WYV Jlo 5 5 o 2l amly 50 &gty (sumly Mo sl b, 58 ol a2l Slgld slocensss 5 518 0Tl 5 (520l 2 a1 5 .05 0 )
Slels 5 dal)o amly 4 )3 o D90 ¢ lae (slaijel slal o sz yib sarailss Gil3dl g suoly (Sl oy & i 2Sb 4 4255 L
85 51 63k 0550 silme otylejl 5l eslil 5 IT (0 o 1o 5 i (slacs yslid & 4z g L b QLS cnl (gl (slsiome . Lol 5 o

5130 it 4y il 4y el ol sl Tz g LBl s s ,ld) Blanl 5 ond y905 sladoliyy ool S il a5 LT 5
e Lol

ol o g il 0113 50 o) (ialosT VA slass & b ialesT ol duar (50,40l 50 45 399 00 gims iy alo)T VY LB Sy -
5 dele; ctrbio (53elgiSs Sty g losls 4 dx g L g oud oolil gllae (oso 4y L GlalS )0 09250 Dl 2

Sy 0ns g dastalojl (sl anl b 50 o5 el gaass (b 51 2L S sz i g (ligal i Lanag 0adh & 5kae slajls 51 (S Y
Rl 3l ool L1, b ialojl szl eis 138l 5 cedad b lagz i g ligel i (3503 LT pslaios (puizem 09— 00l (3j5al 60,1, 500
21005 4085 s e

SAS g oS I OLS g0 yo |y (ug S males S rw il SIS coldz 5 o sla Sy sl wub el _iolej] GLS a8 LT 51T
ol 80 b i (62l gk 5 omd ylae 53 4 |y 0550515 ctaleT 1 51 mr Cales 50 ommmstz (658 il ool 1y S clacunn
o o542 133l 5 b 15 caddsl Sledlol (5,18, Bum (S Ban 5l g Consl 0 s g5 5 ol ()3 b Lo talejl jslate (nlay G 61
510555 5 syl 5 G U1 5 Gl gl (Gile3T sl Ul ye il 9,90 Slala 5 13

slacdlad 5 )15 5,155 5o plsre cod oo Wbiwl W 315 (s sl Jiias QLS Sy Gagal Sl 4185 0 j50 SUST Gl o a8 slojl Joo ¥
SIS 285 i a5k lisz e T (al ) 058 on ail)] (sases Sis S oS iolesl 5 olS IS QLS g0 alr & j0a oS el (S tles]
39 g0 oSy IS 3IT 3155 g, daald ol 5 ey g3 gm sl IS 5,155 280 o 45 S pgs ale 1o 1, 555 (slatalesT gl g s il
ol s S sl Cliz 5 () Ojg0a g 59 ple b cwliio g wa pglad sl eoliiwl iz ps 0 05 0 O jse CSlESG O g0 4 3 Q" Lol g
Ll LS

0l rw iz ol o0 000 IT ous o8 40 9 (o) g (Sio 8 (100 ,Sog, 4 axgi b asl p 598 locIled da yiolej] glhzl anT s 0 -0
5 ol 5 ()en e elidsiue ol ISt uiaplozel (5aiod g adlllas ez o e sloels 5 iz e il Lol
e L@L}Z{Lo)'] 3lgolass yo dc goizme S jlae 5l oslaiul b iz o 100 5 35Ss QU] Slaxwl g 098 sl (bez o 10 K0S 4 Sloglen Jlasl
29 03ls 3ldail jg, ple b oy Eadge Sl 0ads

ool odal Lo iolos] )0 o2 5 (5,l8, slaBan ;0 o0 4 sl (60,150 5l ) jhe g s Cole ) alo 51 T Wlids 5 able gala> sl >l oS -5
09, YU 92 o 55 83 5 s pdiudsies a2y, U o9l oo Sl Jlows (0l 61,21

ol 3ol 8,5 sl (a0 (85 50 ol 5 (389 psbas Lol ey Ll T 5 L ialo] (slime 4 ols (S350l cubse L i oo Sl |y LS 0
94 1y Ol 5oy® ok s a2 (6l g 0S| 2 e b Sy o talojT (aS «pur 35 s g5, 51 B e Kot 08 o0 a0 5
QS 2l Sl (gamazag b cesliie

oS s mels 138 ol 55000 3l el (b olS Gl El (S 55 GLS al e (lS 5l g0 4 sale Colad S oS L]
ST 6k mlons 5 a5 (G 53 |y Lo i e (S sladsecs,

Cudidgo 5951 b

oWae

\%



r5e Obgz pia b (oo

03 8385 Sl (gl gty e sS acgan 1l ) (snpoc Saig 25N olStalesly oS 53 S 25058 (592 yi0
Wilgi oo ol 4 axgi g b lales] 380 2 g0 50 g Cusl Jloy55  (pols ez Sl dmal la s j5 ] 05 (59,8
25 S8 4 az i ol Gzl 4 o) Sl S 1B ) Sg Sl ple oe (63215 (Sl 5 S ST Y Ol
and] (63550 ol

038 anlllas 380 jsbay |y o] ()3, Blaal 5 U5 Bus (ialojlie g5 51 S -)

ol i Hley :le o tale;l (sl plBm el 00 (50 540l ilaie Judood G (bl o tolejl yo J>1y0 o> =Y
e Lzl elS 5 p0d 4y o0 00 4 | b iale3T glyzl Jolpe Ll oS azgi o,k8, slacion 4o

1555 )1 pgo ala 5 Canlaiules] (sl IS j55ass 5 (65585 cdllan 5T sl ol aal oo pekiss ale g0 0 S el ¥
s el p3Y iz ed g 9y lad 5l wlBlas IS 35158 580 a4 y.o& 1 el o _iolosl slacdled 4,15 3,158
25 339 psbas 5 celio (oo 1y bagge 5 dmgi 335 sy (QLS pgo alr 53 e bools )5y s 3:b) 1, Lol
S |y by Jola g e 5 093 )15 5158 58

2 5 5 Sy 4 Lol S el 53 1y e 5 4 e sl el el el o 5 J5-F
a3 3 5 S ot o ialagl sl sl 2 IS ol 3 4oy 5 el b sl oSt
3l oKt les]

] oIS sl 5 28 L i Szl Lo el a3 s 5 855 IS csimd 1 i 5 ol sz -0

DS Az gl ol Y ialesl glal yo 4SOl ol o OIS 4 -F

s Vs a1 5T ol 3 58 Gl iles] 3 0l 53 oo 55504 5 e 835 My sl Y

318 5

WsS ol lp 15 S 8 b cl diedddle sz i (0519 4S5 ol p 358 lacedlad jo Jled ey 0uS e -A
Sl ol a8 5 a3 s slaBlas Lol dacdled

Dl g g B ] s cloads ol edelcuws 4 ol jlas e -4

4 il o« ogas g il ol LojT 5 o5, LS Lo lojT (551550 55 slp] (15t ipteo (4SS
S dxa] o Gl o il jolito ot 4 45 (5l oKy LojT CLS g0 Al

Cedidgo 593,1 b

oWae

VI



Ls ooy oo | absye talesl Gl @50 55 5 Glalel 2 £9,5 51 8 098 00 Lo o 1ime jgal 20 51 )
Sl szl e altalesl Sl ey 09, 5 L8 wamlsz (G515 w550 Galed 4 plisz yie sl 555555 0 s ) ool
Al g olSalos] o JolS  Solel b g sl loe oolfiinleg] baoms 5l o)l 4o 1, o]

9995 Cmans iallog £ 5d g gk s2ab ol8,1ST UL oyl (90l 5 o5 IS (slaa | (sl e Jlss slal 5o Y
loog)S g oS osaline |) el a2 )3 a5 358 @dlel (g2 o 4 9 955 el o515 Sl 5LG (59, s 50 sl
DS Cedlad ) Jsb po by b azgi b ls oage ] oIS cdllas ol o jgele b al (galy a5 (g8
2o sl T g8 g cand bl 5 05— 00l el ol5 S slaa )l g ol IS bl yr )i (o ygale (5 39, 8 bk 5o
295 g piS Olgz e

«PBtlojl sloclad 5 15 5155 30> (lyie coni segas g iUl ol tylojl 5 o5 I DS g0 alr (52 Y
98 g5 (bgz e sln IS GRbe seges Jlu slaml ples (el ol lass

Dgdse (Byme oign  (sojleds lalesl £9,8 50 opd satia Ll o ¥

@.0,5 wiales 2 05, o i Ol plio oSy lojT 9 Sig iUl o)1 50 (5 05,5 12 ipen (54

995551 (5059 51 5540 500 9 5295 9 S prlo Sibao WKy LojT ) 1y (Fyrloko (5039 51 S I 0 45 i ]
9 b ol (o b 92 48 Lawgi Wilgi o0 059 g LRI ALS o0 2] 9 L] (ogae Sy 0,050 1,
g2 5250 b B s Wb ©y500 4 0

day gl slal jo a5 (6,05 (yaesl 5 5y e 10 5 sialesl o ee )5 plesl 5l s ¢ os slaiygesl O

s 09 (ALl 5 gy o5 e dags alojl o pladl 5l g yeie g0y sl IS 3)15S Sl £
Sl dled o )15 5,155 88 1o tulej] o sl jo .l e JalS oMbl 543 Luass &8, iy Cuxdg | o> im0 a8
! o1 (il o575 5 Jsaz cnl slsms 5| sz i el o3¥ 5 ool (Sb35)) Jsaz (QLS poo alz) (a8 —sole]

Ol 5o Oligz s (sadS 89d co ol 1 (o, Vo olile sLatel) ol ailSlas Lol canl 548 slacdlad (sl >l Y
diled &S 1 Jed O sty ais)

sl 5o 5 9223 Gl Sl ool (alesT j2 (Ll 5o 4T iy SlasSl & 35S0 dnogs (lisz e Al A
oy (Bl sz g (g GralesT o ploil 5] eyl gamme 53 iy | 055 slaplesl 5 o l5es dny sandr

Ol ¢ uiiay slazel (2Bl e g ol Caley Jedil o s sl,Say 41 )l S o ye (39—l 20 A

Ol o g DS Cale ) )15 05,5 SO0 gz o s Jolad (Gaion 4y (guiedddle (IS L ine (gdzg, il ¢ dwgd
DS bl sg5 b iyl yo LmQT5 aisled axgi . g o515 oot 4y Cd CoSUbe g (6 sl gine oo



QUS g3 oo oL (2o g

gl 1t s 1 0T 3 S aallan by oo ol L 255007 02 31 b sT e o sllan S 5 55 oy (g 3 S (65085 A g 35 50T Cslal & g5 5 1 512

Aoled ags (LS el s ealgiiny Gluazs s wlul AVl s C)a Yl wyd Z b 99N )

9% 0798 (B Sl 53 Candr 1) 53510 b (555 31n5 48 55 300 53 35 imin (g 4G i) 595 531 Jlw T 53 Jlab o 3 (5l 3hind Uids sl e oA ol
LY sl 555 1 RS Wy 3 oS S0 53 s i 5 5 3 ¢SS S35 ST kBl 95T 51 i Uaj ) 3 o' 55 g 03 ST AS ys b 53 5 e ) g Dl
..x_gsaia-uuﬁ;u,w)w5\A,‘,).u_gmzuw>c),swftiu*,:;ul;ﬁ,;.%;ﬁ)ga;u\g};wwuu;;.'\,.L;u;,)éuﬁu_%s,—u;;\muﬁ

(oatnts (510 g 5T Al (63 go o y3 QUL B old 5 ) s 5 gmn p Il 51 ki &S5 4 s 0 oy 55 355 a6 0 5o 053ke ¢ pps b al 53 16139 (38 50 (3295 Y
1B i Sl Y gna ¢ 5 fro3m b nlize olBl Lol 5 50 a5y (S5 51 g ladle (501358 iy it B Ol b Gt UL 5 2 S5

os 8 S 5 Oy 03 5SS e 2 368 555 e S G0 S 4 e i L Jgbo 38 ol 57 SOl (i sg0lo 9 )l 4 Lgy o (121 (Sl g ¥
L g Sl Sl Oy gele Ol e

o Gl s oS CBlasl (61 5 B (e 83 0 Ol g ol 3 3505 oD A5 430 o] e 5 ot 3T oIS S 055 5 Ul o il OL g 8 54ISTF

S P G 3 55 5 S agr ol sS 1R Lt 65 0T (g 5 il dndllas |y iy (gt s 587U 2ol 4 dnl e 0L s o8 3l e s SISTL talesT ol ol 51 b i oS 0
ol il plat 335 0T 53 15 (W Elob &8 ity T (ads o518 w305 (Kin 5 0 g o 48 353 0 Ll adllan ()l tiy 55

LS LETL LUl 53 1) 0k s e ol O oo e T3 ol (6ol i) ey i (1o b 1y DS (Gl oy po 20 457 oot s O o 2 Sl el 5 55 o pob5 ol 51 e b J5.7
S Ol 5 3 5, O T IS o sgde sl sim gz in 51 S o 05 1 g oS gr o5 s S8k 5

sl 511 53 6 il O g 28 31 e oy Lo olisal oy o s 555 315 Al Jalad S g 4 ST e o2l 3T 5 o80T oo (6508 Eomln 5o 51 oS Y
2355 0315 o Ok 3 o 3 O o S0 4y Cpiomeads s 1)) ) 2SOy sm g OIS 3 35 Ol 4 |y 2la g A lad OSTlie s

Al oslizal (35 50T 035 5 Geee (51 3 g0 conlie ANIMALIONS) Lo gLl gy clad 51 55507 (g1t 40T 5 55 A

L;)Hmu\,&u,n}slu‘;luw_.ﬂng,y\ﬁuw,.nf,gg&_41,,.5,‘1,,9,at?;:d_uﬂgtf@e.x_.:@ﬁﬁéuuxuﬂulj_,:Q_Laﬂétﬁ.tJ;J_T;,ur,xm,-ﬁsﬁ,}mw.q
Jor e dnl sy 0L 2 3l o s 41 SIS 4 5 S (5Lmant 1) 3,150 4ltia (sla 13105 Electronic Assistant.Electronic Pad2Pad s st ¢ s 5 ¢ Fse
.J.'.b:ﬁb'J%ﬂg()lfj)‘fﬁ))nl?}l{%bf(}}ﬂq-@Ag-_};lebe\:i}d;:kﬂﬁ-' Ls)'b'uelij.;_lﬁjTgL{j\a:MH{Jw'}}Sédﬁtﬂj'C)l:'-):b‘s)'b‘\:.:

o a8 BB s s Auled |2 GB35 sb 4 1y O s ST 5 il T U S Sl b 2o )

g 735 0 (65 o8 Lyl da 5 o e T L o887 Sl 0 gl 5 Lauk ) ol oty ain ST 5y o (DS (500 1Y

a3 0 pad OUT 4y 5 Ayl peomnal Ol g 3 15 G OGS g3 ) 187 3518 83 o (giaiole (sl ol Y

Ol sn 35l m nl 3155 (B Slspdbl aa) cnl 53 Qb 2 5 555 4 5 (s bl slada 4 El g 858 S A LT 5 S Slles 121 S oyl W5 AW
,gj(,u‘,@,f‘;u,ts,;de,m}%;}vbgﬁu)

b Jadee o35 st 5 o&Kiule3T 5088 3 aal 556 (sl Jlas 4 N F

C)))?-);.h5045}-,;))}bﬁ%@)ﬂ&ﬁ:&LSLAQL&J’)A&}&#&L&Q)&_}T&AP&a.:r.?”'.mﬁ6\.3\;.;‘4@uﬂb‘j@@jﬁb_}T}\;ﬂ\f)l{w})é@%ﬁ'CJ‘JJJ[?JTJ‘.\Q
Y

Sl o 355 00 03 ok (VU 3 (65 Dbt 5 g ia oS 50 43 8 i 05 8 O i a sl g 35 o3l ol (ST S 5 Gl 4 48y 05 NP
s el gz ah g o€ 0T 3 o jaties

3,8 3 Ly 3sm 0 abg e 0 g1 53 5 358 0303 30T sl oo (DA ShEEL) Sledbl 68 1 4 b gy o oo 5 Sl (glao 35 (sadS™ AV

50l 1 T 31 a5 (IS (sl ke 5 G g 1 b O g oo o gims a5 05 5ln 5 (e 315 b (5,5 ens 0 O s a4 4571y (ST (5121 A
S NS b o)

s S5 s | ol glne s 31 ot las 6SG Lo OLL 3 358 or 4o 5 ksl |l (0 Ao B 31 s 9 o a1 o8 5187 S 53 00 811 (G055 i il 0 OL s 2 (sadS™ N4
e 33l oy Lad 1 doa gy Ul 5 15 5T 28 5 Ol s e sl Sl

(ke 5 et 55 ey oS ¢ on g (Sla ey Sy 15 SV g o 0L 5 300a b ilale ¢ Sadn (sla0 pa3T Ll 2 UL 5 25T ((pain 23 sla il sl s X
Aples (b (SOl Ll 5 ey bl e (93 S Slole (s

Cuige 59357 L

OWhe

Mil



S Bad

Sog5m 3515 9 (53923 ol slaslae 1=

S (Silo) (s 3udadgs Jg3a

o818 olais! oy Q‘ s J‘“u)‘i’ 6°)w
w3907 celw 4 o0

v 6o $O)5 e diges siz Joe iolojl g (o) '
A 5By sosisS pl i 90 9 0)like S48 &t Y
A ousS dgusme g oidd (o sl Y
12 s 3l (2g > ghatine e ¥
1# SzgS JuSom laoansS ey ol )
\$ sthie sleoslg o $
f 059 \
0 JFET) saige olose 51 slaygin 3l 5 A
Y aib wix gleosS o gss q
\$ &8 laoasS o gty Yo
v 3B soaisSlas ¢ JLolas glaoaisS ey ¢as 1
Y Slles (goaiS Cu ol Y
1% Gy lo,95¥95 ) jw dw goizme slolaw Ly slaoassS oot 1
\$ saio Sig Sl Slalad ¥
Y. 0595 g4l 14
" o s \$
A S&E 5 Seex sbaloe 17
\$ ou Loy g b s ) S 1A
A 290°



02 53 5 R S oz lie (g (0)9) @818 9 C8g 50 p9zad 0 jslaie ay

3 5se Olsz e g piome Olisel i col oY (o5 £5050 (I L (AT) Sledbl (5 55lid (o3
Sl 3ylo 518 w0 a5 (6,500 el Hl38le 3 52 L EWBProteus . Multisim sbs |33l0 5

d....g‘Lo.: oolaul UUL’J aliseo Jya.S uu)jAT
S FoeelS Solo loj l (ond (bt i (o3 S350l 2 50 G Ol i 0 e (e

wisled palyd j138le 5 slyxl (gly JigmalS (golowi b sis plais] gaog9e pl 4yl

p9o Wl (3lxe ol lojT LS 51 oS epl (5)l38le 5 Colao 1yl sl
S oolasw!




=

V' (5 0y o) gl Loty |

oygel caelo WY 1>l ole o

GLINGE B IG RS

ol T JS Gaa 0)

$3923 S5 Yl 4‘9“”&“;&”[‘)1‘9WJ)’




ilsy 4S99 00 Uil 00 518 51 GralesT cnl bl 51 oy

oaliul (55loee o8 tolojl 5l sl (slacadse o -9
S

WS (6 a9 Ay Ol gl ladad 1Y .
oo |y 395 V150 5 Dlelgel -1 )

Fre s )en g Jlsd oS )Lt 055 (50,5 ;-1
Aol asls

JW 5 ol sz o plo OMSLw Jo 4y S VY
sl

Olysbe 5 ol Gl L BLS,T o 1) Glgz el VY
WS (3295 g 2leal,

egh (3230 g didee SIS 155 10

A0 Fealy Gy o8 sla I 42 -1 7

Jyoro LED diges wizr —)-) JSi

=l aly Jsene GLLED (g a5 ol (ol

9 LP?M Gdiw o ‘) Lﬁu] so; )‘5.».: oK 9y

QLS o 4, Modular) Ygae b ax )b 6 & g0

S5y e JB LoLED 3l dgas iz V-V S i o
DS oo alaxde | alises glaolSiws

s, s /
D88 zdgi |y glaskd can s LED LCD glgil -
S8 gslaslely 1 glasks s ¢ LED LCD - ¥
ot—s ——i—3 wlasie Data Sheet ;l oolaiu! b -Y
Szl il ) glasks cas o LCD LED
D 1) (69990 (60 9,15 a8y o diges aix -F
S g5l 3805 b1, o talejl (sallS -0
i bble k> (o Glaal 5l S
plil 380 j5boas g s 4 oleel Lo 1) Lo ole;l =%
R
Saley |y olStalosl 1o aBge ay j5im g i 5 odii =Y
RSy
WS Lzl 580 jeba 1) euds ,IASy slacdgiuse A

adgl Sledbl —-)-)

S golbogoas bg e slasialejl oipgs Jlu o
@ Gioleyl opl oo Lal T Gl la o g ogs
oz 3l 0500 692,15 slo oo diged vz los (o)
s S sl X il g (LED) &,y kil glaogs
e an (LCD- Liquid Crystal Display) s
sl—ass 5 Seven Segment glash 3
« ogo (HB-High Brightness) sl ,6 L
648 p 5l eola il b RTINS .M}‘Oﬂs‘c g AudS i
5 losb s s yiws (09w (Data Sheet) el
3,5 e o pii |y logs v (8 Sledbl

9oz s LED —)-)-)

o Glgie 4 aS e wl sains g ags0 S LED
15k Sz GLLED jlog) e IS 4y 8 a0 o5 oY
oliws pigy 5 sugels slacdls ols lis gl oS
sl o 4 1) LED sones o alaie .0iS o ool
4.:94., e V- JS»: 59 AJ)LMJGA J.Ja...w.a 9 & ‘°)'.’.‘“>

[ PE, | | ’



w2 gy 4 LED ol el ot Sy 150l gl
2l R YL Glesily b g Byae o5 Y ly—e

(Y guw) 4zl SO (Jgoro LED digos wizy —1-¥ S5

LED ;ylocsLu —V-)-Y

s o bl el ool 0990 SO LED wi> jo

Ol pss ool oY il a_bls B 20,98 Wb aSpl
(HB) oL ) b LED wiged iz —1-F S . . . T .
Slaizlo V=Y S jo 098 ol ol plaisle jo ol

S Oloy e 3L 555 b GLLED oS’ g0 L A4S oo 4> 1, LED 51
9,05 SEl > v a S g sbay . wlos,S LT 0> Sy 3
Cungas Bpas oS slaogd Elz iy laday,

el . “ $xlaaas gadl 5
LED (slos )5 51 (S 0580 55 18 )y 4 9 axdly 15 e

0,5 V-0 Sl o il 9,095 ‘_gLaélﬁ)o”.;H

Ll oo S 25 S iy

&7 Saulb—" e

LED 151 ylesle —)-F S

— yj— s—2LED -\-)-Y
High Brightness

Jeagil Sos E)% 59 599 R LED 0,5 -1-0 g 5 ) 45 il I aiz YU 55 i L LED



ldsy slacw doogs £l > 5o 1o 5 sla LED

Sl ebraiged V-7 JSS )0 g 00 U @ 5 oS3l 5
A...S‘sa oddlive ‘) Lmo).;)lf U"‘

G‘JJLQLS'-M‘J&_“K &Lhé)‘}i)aﬁ

5b ke 5 Il Sl 5 s Sl 1

S bbgy 30 390 3 L LED 5 )5 —\-# S
1951 LED (glas )57 51 (6,503 slaaigei -V-A b
s ol o je— » SLLED |3 laoas
o SO Gloyg i o)l WLED (pl a5 ol guus
J5d 5 "'\31'35‘50‘)" 2l ‘i;‘;)bb @ 4 5 Wloass LED jl oolatul b o35 (g, diges g0 V=Y S 5o
DS e ooliwe S oo el diges SU V-4 . )
S (oo ) Op Rl dged SO ...\.:_;Ssawy.n‘))yﬁ

slas; 105 5 LED Glas )5 51 So S

ol o5 oY (pl (Brae 0l Gz el (55
5190 o (o S (o 0dg ) (oS Sl Ol >
el by s (Jgems GlacY 4 coi oyl jee

LED jl oolaiwl b (Sod 35 (g y digod 90 —)-V JSCo

(Shi— 5 51520 soglr sln 5 — LED

g cn osliiul 3o Loial, £l 5 I (slac,S3l 50
Bl Cunges joia hlws (nl )0 55 » LED 5,8
lasises oA S5 5 ok salyi 5T 555 L s
awylic 0 LED glagysissl 050 ysloly DS o abada ) oo )5 55 ol

r 1 | | ’

LED jS305 325505 -)-4 JSb



09 5 «aiSS oSS ()5 LED jg5 4y 55 00

|‘°'9‘°t5;‘°'-’-|'~54'.‘s‘;

Ao o0 | Lo it 008 olias| (68,0 a5

S0sls—bg0 )3 (55 rogd 9 )5 5 s (S
S5 V=Y JSs s el (Optical Mouse) s

DS (o odnlin 1) FenalS (595 (o ledige diges

6% Goslgige -V ISl

2S S5 fg

Sy LED 5l eolat ol Ly pilgs o 4555
S 5l 1y At sz leislu (g0gee sl ygiw

IR W) OQ);_Mf )L_.w; LS)}.‘.J LED ¢ﬁ)lf o)‘jfc‘
aliso pilad o aS pl pogdl < LED &y ol e
G510, ,98 4o Dol oo oola ! S g 6%[5 (s
@ 5 S L g bbgl sl do igh oy sla e
S31050,9 155 59, Aiged SONNY JSD 50 09,00,
DS e alaxdla | LED L

AV cod 5l LBy s LCD slagys sl L
510,95 5
(Lazer LED) s, sWLED -\-)-¥
S by e w6y Goa—es H5i slasgs
a3l 5z bliee (5550 50 So B o g S e
55l lisn 30 698 9 o Djeo w0aiSTy (59

3930 diges S V=V e S j0 09 so 0l ol Hes ol

&) LED aigei G -V-1e S
oolar ! 35 >l Jlsel o 5,5—J LED
&5 GLLED Lug o 0y j5 (uils 5 05 0 o

£, &lp gl Dgliie y55 5 g Jgeno GLLED L
LED 5,5 aigas 53 V-)) S 50 i o 3,8 6,8

DS oo b Me i > 0]y (5,5

ol o> T 2S00
4int LTLED

i+

o Aol a0 7 50 (653 D990 1 eolisiwl -V STl
-y L
%)



o SlAcgome ygods |, S5, 4w sLLED

9 0, aw LED (gacgomme SO V=10 IS 0 055l oo

aS ol g o 50,8 LED as o
DS oo odnline |, el

o..\.;'}c\:;.,.«..;o);o)_; 89y

&9y LED auws Jlail § Ky aw LED (gacgomo —V-10 JSCi
95

9595 cdoere Sy o 4 S5, wix sLaLED

—— LCD sl 234 R I R
(Liquid Crystal Display)

5048 35yl Lol (6540655 LCD (slnogs
0dds o latsl 4 SO Sig xS o Loyl og0

5l od S5 S50 4 Ygama |, LCD glasgyo
Ny o )l degerme Sy 0 ashy

Sy LED 195559 5 b (5510 595 -1V S

» LED -\-\-0
Multi Color LED

L Sy e

Slosla Wl b ) calitee o5, alen aSu! (ol

2> GLLED wiSodss 50,8 9 o (s Lol K a
LED aw | 90 L LED g4 o) ;o .ol onds aizles XS,
3 522 9 5o LED 93 a 315 G (59, ST b plgre @
Saegeme 55 90 S L i 1518 guna s S
Sl bl o (LS 5 (280 e G oSS
asly SO 69, LED aw slass S 4w LED (o 048 o0
Wlgioo degeme (nl 9S00 JF anA s S 504
SONNE Sl o aS ode ) () je oS b
:Y}QAALQLED&S_;O%‘)Q.MLSAOQ.Q[_JM‘)&)jo
)|)§wj:;wo)og5);_dm4.ib&,¢:)9,amux—|bu&l5

S 22T 6%, 5> LED
&, . LED

=

YLy

&UMLEDJ! sles

ol o olei 3 K5y wiz LED —1-1F o

r 1 | ’ ‘



JoBhe Ol g 2 52529

1S 5 S e &l (glaakad can 16 ol
i 55 1y el (5abaks S s 1, 5

LA

A e

Y

.1:

5 &

oM

| ]

O
L i B e e

B 52853
_J LED T-Segmesk Dasplsy [Comman Cathode 18

EI & il F
Vs wrifaicai

123886006

1 r
_]LED?-SGM#IMQ[MCM;'}W

15888 HE

| 13

a

05y Wz i led diged Wiz —V-1Y IS

siedlle 0L g a o9

4

) Glaahd can X_iles jlae o8 ga i

35 ol azio (59,5 02 45 US s 5 (slaigS

Al ) s sliel salal

‘ l | r 1

Ll LQ&‘A 2 | 3 [ P ) _‘_\_v

Seven Segment

LCD L (LED) suiad yg 9950 33 Ca olaws S

o) T pas (digy b oS oo 518 (55b o LS 0
Q;Aifcg_.fl%kglulaémdi‘aﬂiu)i_&gox
alaio LI aS 0550 V45 ogdle aS 05 oo jgloly eulaisl
slopls adaio b ogrs 90 b <SG ol Judattas & jg0as |
abats cplaa |y licl b jee JoSis b aies o )3 5
90 V=17 IS 0 0isS 0 DP=Dot Point >Maol |,

DS o dalio | oI DP g (slankad cuan diges

ek cain aigos 95 —)-VF JSb

B 5 S teo 0l O ygo 4 1) (glandad o dn

L)oo can slwsl b luasls cu aijle oo S i
Ll g bk S Spo d g wiS (o0 St o
Goliel bl (28,8 hai o b glashd cas S aues o

Sl a4

QB mad 95 /,

N sl Sl 590 41, Lngslansd i
laskd cio golaad a5 i il ar il i (508
R L R A N RS e BUCR B
aigad Wiz VIV S o gl m ogzg @]y (e
sl ot a5 Lo glansd i L oS o3, iz Styled

QS o ovalin |,



w‘ W) C)O L)] )O )...» w9 W)
6“5):’ )“ G,.A_,....e Y -) 6o)l.q._ib Sl Lgctf).g
Al s LTA00-ED (g0 los 5, 55 LED cledlll

OleM bl ‘54J)_3 }‘ ool —iw! —Y-V-A
(Data Sheet)
Ls'iLc)Ua‘ as QjL&S L’).g.‘ b el JW Lngo%o Sles!

2iie Sy zse Jsb o8 o LED [ 5, Lo |

LED Large Lamps <53 <Y &S 0l sea LED

LED (.,s LT9550ED

L T9550ED

g5 &, 5s LED vy
e VIO bl

@ 7.5mm Cylinder type
Dichromatic LED Lamps

mModel No. J sets
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s (IE iz 31 s 4 Jlo 3,3 LTOSSOED

Red Ga As P/ Ga P oliss o8 L Slins oS )T (I8 w1 5038

mFeatures

¢ —la>is |mOutline Dimension Lsa b 5 sl

1. @7.5mmall resin mold s, 3150 Lo (g JB 2a Lo V/O Lo
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and orange (mixed color)

=
Gt ble 3,55 55 &5,

b s o

3. High-density mounting
(flangeless package)

cc}a...a Sludtus mils s 4

Pin connections b e les

4. Colorless transparency lens type
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2
3(Red)
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LT9550ED )
mAbsolute Maximum Ratings Glas ooy STl 0lie (Ta=25°C)
Parameter Symbol | Yellow-green|  Red ) Uit
dpiin sl o d Jlesys a8
Power dissipation ]
Ols il P 84 84 Sl ks mw
Continuous forward current T
GBlse pslde OL 'F 30 30 il mA
Peak forward current -
Derating factor _ | DC — 0.40 0.40 I8 Sl e T e IMA/C
e
Syl 455 g3l 4 oL~ | Pulse — 0.67 0.67 S8 Sl e ss T e IMA/°C
Reverse voltage )
Operating temp era‘il‘lsreo = e Topr -25 to +85 o1 8 e ) °C
Storage temperature é . o
U3 1SS Sl 4 s TStg -25 to +100 A5 il C
lderi o
olderine temgf‘?geﬁ)‘f a3 Tsol 260 (Within 5 Seconds) |4L0 0l dob )3 ey Y8 °C

Glao pou Sl pwolio —)-Yo,lols WleMb| 545

e »LJ;Q\ L 55,5501 glaaasnse LTISS0ED (Yellow-Green / Red)
mElectro-optical Characteristics Los Oyl > 455 (Ta=25°C)
Parameter Symbol|Radiation Color [Conditions| MIN.[ TYP.|MAX. Unit
dpina sles Byt &) Y- 1) 1] KE o i Ay e A
Forward Voltage Yellow-Green | Ig=20mA 21| 28 X
Luminous Intensity | Yellow-Green | IF=20mA | 80 |120| — Ju s
SPRUNES Y Red IF=20mA| 70 160 | — |med (s
Peak Emission Wavelength A Yellow-Green | Ir=20mA 565 | — m a
Sl g dsb| A Red IF=20mA| — |635] — -
Spectrum Radiation Bandwidth AL Yellow-Green | IF=20mA 30 | — m .
(4 Db Wl (sligy) g0 b i Red I = 20mA 3B | — 7
Reverse Current Yellow-Green | Vg = 4V 10 =
. f
S ok~ 'R Red VR=4V | — | — | 10 HA T 55
Terminal Capacitance Yellow-Green [v=0v f=IMH7| — | 35 | — ;
S e s g e
b 95 o u,-vl> ‘-‘”3,)‘1’ S Red V=0V f=IMHz| — | 20 | — pF b )L
Response Frequency £ Yellow-Green — 4 | — s Al
S| € Red — e M7
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IN4001/L — IN4007/L

Power Semiconductor

1.0A Rectifier

mFeatures

1. Diffused junction

2. High current capability and low forward voltage drop

3. Surge overload rating to 30A peak . b 3
4. Low reverse leakage current & ‘
% DO - 41
5. Plastic material
Y-) Gosleds leMb| gas
Absolute Maximum Ratings Tj =25°C
Parameter Test Condition|  Type Symbol Value Unit
Repetitive peak reverse voltage 1N4001/L Ve 50 \%
= Working peak reverse voltage 1N4002/L | = Ly E— 100 V
= DC Blocking voltage 1N4003/L | - Vi 200 V
1N4004/L 400 \%
1N4005/L 600 \%
1N4006/L 800 \%
1N4007/L 1000 \%
Peak forward surge current | Esm 30 A
Average forward current Tao=75C I Fav 1 A
Junction and storage temperature range Tj = Tstg —65to +175| °C
Electrical Characteristics Tj =25°C
Parameter Test Condition Type Symbol|{ Min | Typ [ Max | Unit
Forward Voltage I =1A A= 1 \Y/
Reverse current Tp=25C I r 5 | HA
Tp=100°"C IR 50 | pA
Diode capacitance Vg =4V, f = 1MHz [IN4001/L-4004/L| Cp 15 pF
1N4005/L-4007/L| Cp 8 pF
Thermal resistance RinA 100 K/W
junction to ambient
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1N4148 MINIATURE ULTRA FAST SWITCHING DIODE

FEATURES

» Hermetically sealed glass package
* Low cost

* Super fast recovery time

* Low leakage

* Low forward voltage drop

* High current capability

MAXIMUM RATINGS & ELECTRICAL CHARACTERISTICS

Ratings at 25°C ambient temperature unless otherwise specified.
Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive loads, derate current by 20%.

DO-35

ACTUAL SIZE OF
DO-35 PACKAGE

PARAMETER (TEST CONDITIONS) SYMBOL| RATINGS | UNITS
Serial Number 1N4148
Breakdown Voltage at Ir = 5pA Vg 75
Breakdown Voltage at IR = 100pA Vs 100 VOLTS
Maximum Peak Recurrent Reverse Voltage VRRM 75
Average Forward Rectified Current @ TA = 50°C lo 150 mA
Lead length = 0.375in. (9.5mm)
Peak Forward Surge Current Pulse W?dth - [8ec I Fsm L AMPS
Pulse Width = 1uSec 4
Maximum Forward Voltage at 10mA DC VEm 1 VOLTS
Maximum Power Dissipation Pem 500 mW
) @ VR=20V, TA=25°C 25 nA
Maximum Average DC Reverse Current I rRm
@ VR=175V,Ta=150°C 5 HA
Maximum Reverse Recovery Time (Note 1) Trr 4 nS
Typical Junction Capacitance (Note 2) C; 4 pF
Operating and Storage Temperature Range T3, Tst61-65 to +175 °C

NOTES: (1) Measured at IR=10mA, VR=6V, RL=100Q; recover to I1mA
(2) Measured at IMHz & applied reverse voltage of 0 volts DC
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Features

e NPN Silicon Epitaxial Planer
Transistors for switching and amplifier
applications. Especially suited for
AF-driver stages and low power output
stages.

e These types are also available
subdivided into three groups -16, —25,
and —40, according to their DC current
gain. As complementary types, the
PNP transistors BC337 and BC338 are
recommended.

e On special request, this transistor is
also manufactured in the pin
configuration TO-18.

Mechanical Data

Case: TO-92 Plastic Package

Weight: approx. 0.18g

Packaging Codes/Options:
E6/Bulk - 5K per container
E7/4K per Ammo tape

TO-226AA (TO-92)

0.181 (4.6) 0.142 (3.6)
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Maximum Ratings & Thermal CharacteristiCs ratings at 25°C ambient temperature unless otherwise specified.

Parameters Symbols| Value |Units
Collector-Emitter Voltage Eggg; VcEs 28 \
Collector-Emitter Voltage Eggg; Vceo gg \%
Emitter-Base Voltage VEgO 5 \%
Collector Current Ic 800 mA
Peak Collector Current lem 1 A
Base Current I g 100 mA
Power Dissipation at Tamb=25°C Piot 6250 | mw
Thermal Resistance Junction to Ambient Air Reia 2000 | °C/W
Junction Temperature Tj 150 1€
Storage Temperature Range Ts  |a65to+150[ °C

Notes: (1) Valid provided that leads are kept at ambient temperature at a distance of 2mm from case.
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BC337 and BC338
Small Signal Transistors (NPN)

Electrical Characteristics

(T; =25°C unless otherwise noted)

2 Min | T Max | Unit
Parameter Symbol Test Condition ey d}’ﬂ AT vy
100 | 160 | 250
VCE=1V, Ic=100mA | 160 | 250 | 400
250 | 400 | 630
DC Current Gain hee —
60 | 130| -
VCeE=1V, Ic=300mA | 100 | 200| -
170 | 320 | -
. BC337 VCE=45V, Tamb=125°C| - - 10 | pA
Collector-Emitter Cutoff Current BC338 Ices VCE=25V . Tamb=125°C| — B 10 uA
. BC337 _ 20 — _
Collector-Emitter Breakdown Voltage BC338 V (BR)CEO Ic=10mA 45 B B Vv
Collector-Emitter Breakdown Voltage Eggg; V (BR)CES Ic=0.1mA gg : : Vv
Emitter-Base Breakdown Voltage V (BR)EBO IE=0.1mA 5 - - Vv
Collector Saturation Voltage V CEsat Ic=500mA, IB=50mA - - 0.7 V
Base-Emitter Voltage VBE VCE=1V, Ic=300mA | - - 112 | V
. . VCE=5V, Ic=10mA
Gain-Bandwidth product f = 50MHz _ 100 — |MHz
Collector-Base Capacitance Ccro Ve =10V, f=1MHz = 12 | - pF
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e Connection Diagram

Dual-In-Line Package
Vcc B4 A4 Y4 B3 A3 VY3

[10] [9] [8]

(2] [3] [4] [5] [6] [7]

Al Bl Y1 A2 B2 Y2 GND

Order Number 5400DMQB, 5400FMQB, DM5400J, DM5400W or DM7400N
See NS Package Number J14A, N14A or W14B

® Function Table

Y =AB
Inputs Output
A | B Y
L L H
L |H H
H L H
H|H L

H = High Logic Level
L = Low Logic Level

7-Y oleMbl ‘sdf).g

Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage ™
Input Voltage 5.5V
Operating Free Air Temperature Range
DM54 and 54

DM74

Storage Temperature Range

—55°C to +125°C
0°C to +70°C
—65°C to +150°C

Recommended Operating Conditions

DS e |y (29,5
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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.

$-) Sledbl a8

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaranteed.
The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

DM5400 DM7400
Symbol Parameter - Units
Min | Nom | Max [ Min | Nom | Max

Ve [Supply Voltage 4.5 5 55 | 4.75 5 5.25 Vv
V|4 |High Level Input Voltage 2 2 \Y
VL [Low Level Input Voltage 0.8 0.8 \Y%
| on [High Level Output Current -0.4 -04 [ mA
I o |Low Level Output Current 16 16 mA
T |Free Air Operating Temperature[ —55 125 0 70 °C
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2N3819
N-Channel RF Amplifier
e This device is designed for RF amplifier and mixer applications
operating up to 450MHz, and for analog switching requiring low
capacitance.
e Sourced from process 50.

TO-92

123
1.Drain 2.Gate 3.Source

Epitaxial Silicon Transistor:

» Absolute Maximum Ratings* Tc=25°C unless otherwise noted

Symbol Parameter Ratings | Units
Ve Drain-Gate Voltage 25 \%
Vs Gate-Source Voltage -25 V
Ip Drain Current 50 mA
el Forward Gate Current 10 mA
Tsto Storage Temperature Range —55to 150 °C

* This ratings are limiting values above which the serviceability of any semiconductor device may be impaired.

NOTES:
1) These rating are based on a maximum junction temperature of 150 degrees C.
2) These are steady limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

» Electrical Characteristics Tc=25°C unless otherwise noted

Symbol | Parameter | Test Condition [Min. [ Typ. [Max.| Units
o Off Characteristics

V (BryGss | Gate-Source Breakdown Voltage |Ig = 1.0uA , Vps =0 25 \Y
lgss Gate Reverse Current Vgs =—-15V,Vps=0 2.0 nA
VGsorn | Gate-Source Cutoff Voltage Vps =15V, Ip = 2.0nA 8.0 \%
Vs Gate-Source Voltage Vps =15V, Ip = 200pA -0.5 =0® \Y

o On Characteristics

Ipss | Zero Gate Voltage Drain Current |Vpg =15V, Vgg =0 | 2.0 | | 20 | mA
a Small Signal Characteristics

gfs Forward Transfer Conductance |Vpg=15V, Vgs=0,f=1.0KHz| 2000 6500 | pmhos
g20ss Output Conductance Vps =15V, Vgg=0, f=1.0KHz 50 | pmhos
Y¢s Forward Transfer Admittance Vps =15V, Vgs=0, f=1.0KHz| 1600 pmhos
Ciss Input Capacitance Vps =15V, Vgg=0, f=1.0KHz 8.0 pF
Crss Reverse Transfer Capacitance Vps =15V, Vgs=0, f=1.0KHz 4.0 pF
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Absolute Maximum Ratings

LM741
Supply Voltage +22V
Power Dissipation (Note 2) 500 mW
Differential Input Voltage +30V
Input Voltage (Note 3) +15V
Output Short Circuit Duration Continuous

—55°C to +125°C
—65°C to +150°C

Operating Temperature Range
Storage Temperature Range

Junction Temperature 150°C
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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Connection Diagrams

Metal Can Package

NC
a V+
OFFSET NUL
INVERTING INPUT } OUTPUT
“
OFFSET NULL
O,
v

DS009341-2

NON-INVERTING INPUT

Note 8: LM741H is available per IM38510/10101
Order Number LM741H, LM741H/883 (Note 8),
LM741AH/883 or LM741CH

Dual-In-Line or S.O. Package

DS009341-3

Order Number LM741J, LM741)/883, LM741CM,
LM741CN, or LM741EN

WoF gopled oleMbl gaf

Ceramic Dual-In-Line Package

LM741]

DS009341-5

Note 9: also available per IM38510/10101
Note 10: also available per JIM38510/10102
Order Number LM741J-14/883 (Note 9),
LM741AJ-14/883 (Note 10)

Ceramic FlatPak

1 10
NC

+OFFSET NULL
—INPUT
+INPUT

V-

NC

NC
V+
OUTPUT

—OFFSET NULL

V-0 ledb| 548

.. LM741
Parameters Conditions -
Min | Typ | Max
Input Offset Voltage | TA=25°C
Rs<10KQ 1.0 | 5.0
Rg<50Q
TAMINSTASTAMAX
Rg<50Q
Rg<10KQ 6.0
Input Offset Voltage |Tp=25°C , Vg=+20V 15
Adjustment Range
Input Offset Current |Tao=25°C 20 | 200
TAMINSTASTAMAX 85 | 500
Input Bias Current |Ta=25°C 80 | 500
TAMINSTASTAMAX 1.5
Input Resistance Ta=25°C, Vg=+20V| 0.3 | 2.0
TAMINSTASTAMAX
Vg=+20V
Input Voltage Range | Tp=25°C
TAMINSTASTAMAX |£12 [£13
IV-Y wledbl g5
. LM741 )
Parameters Conditions - Unit
Min | Typ |[Max
Large Signal Voltage Gain| Tpo=25°C , R| >2KQ
Vg=+15V , Vp=+10V | 50 [200 V/mv
Output Short Circuit Ta=25°C 25 mA
Current
TAMINSTASTAMAX mA
Slew Rate Ta=25°C, Unity Gain 0.5 V/us
Supply Current Ta=25°C 1.7 2.8 mA
Power Consumption Ta=25°C
Vg=120V mw
Vg=+15V 50 | 85 [mw

17-Y OledMbl 545

VY-F Sledbl 645 55 4y anzl o b =) Y-0-0Y

I, Metalean Package 4l ©_za ¢ Dual in Line
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1. Input Resistance
2. Power Dissipation
3. Soldering Information

oolis Data Sheet a axsl o Ly -V Y-V-1Y
Metalean . Dual in Line Package la ]

.25 7,45 |, Ceramic Flat Pack 4 Package

@

—

Lot

omlo3l 32 bl (b 5, IV -A
o) s2ye J2978 00l (i o) 40 g 0
e ,5 o)l abae a4y g pas o oles
A woly> leasd Gleadly als

ow byl s —\Y-#

sob @ wlasgel i sleyl cpl o a S | axl

e ) (551 -1V -V

‘) )Us (SO y—2 \Y-0 J&_»a)‘d_.o )O—\Y—V—\
5 &S o3lail &y ,b 5l el Cavods s § oS Al
DS A lie 02 b ) acule

GoaS Cogdy o, )L S ojle o -V\V-V-Y
o ol 1) Sute Sl o po L Op-Amp

O YA S e olgs oo 459> -V Y-Y-Y
DS 70 §0,5 has Cude 8L

s Y sal SIY-0 S e ;o -V Y-V-F
SO M u)g.w J..a.«.a Oy & \’KQ WBLQA ASJ .Ia_ws.’
S oo (5 e 42 5L
64.1[9: S 6_...461& 9 \ Lgo);o_.i’: GL“‘L.’.L.?. -A.uLoJ
$5,l5 63 0,5 4> Dual in Line

T 1y oaisS anglio Hlaw 0,15 o)lge -V Y-V-F

eoslai_ul ax 0aisS pex Jlao 5l -VY-Y-Y
S 7 s $090 o0

b oS gz jlae Sy g3 o 35Sz —V Y-V-A
$5,5 o 0ausS 5,5 Yo 0 [, VEY cwisl 5l ool
SRS 7

Ax oo JS—i godimd i glajlae -V Y-Y-9
faiy)ls gleo )8

$29,9 4 1) (smype moe SO S ST-VY-V-Y
oo S 4z ()] (295 0 ey 2SI o
$o90 50 ol

o s] Dledlbl (545 1 4 dxxl o L=V V-V-) )



e iPllebyl | )

S0 ez S fkw B FLasiss o B
(I@VoltagelRegulators Rl CIUE; EIoWe ) eiNssy))

Sl T IS Gsa

s Wy (195Y55)) 50348 @B Saslae (63,20 (o) 2

A -_.. ,E.'.‘_‘____ : e o




14509, oo HUatl 005 w5108 51 tolesl cpl LU Lo

S8 sldsa

b

2555 o3ladl

iy swisl b1y cdg 20 488 e G e -

Sl 59) 955 o3l YT ) (2o 5y s -A
(ks )bk

sl 5 ) oslial b pdass LB 5y )5¥sF ) Sy e -
Saiw |, LMYYY g LMYV

sz W a2 1) (63959 55 o pess 310
S ol

S el (2o, 5y mhaw 2 1) b e S1-VY

W Cude g9 5l b 4w slaygiVS, ST
285Y85 ) (699,94 eais oS, Ly Cudie dad im
Se2g 4 |y oo dad ool oty 5lidg 5 090 o0 95
Dgl oo C8by0 S ie sal e ke cad -°)5T<_s*°
0 shie sle VoS« Sig xSl sla o Sl 4 axgi b
\AJ)AfLsﬂ )‘).9 OQUIJ.».:‘ 0)9A
oS (e 4l A Lo )g5Y5S ) o
T s s 5l e b o sl 59,
FSis 1) cude odad S de sl e -0)915"
g Gl e sl VeS ) 0, IS (B e ae o

g alizeo slaslly Lo asly 4w sl giVeS,

oo ialejl los 5 5555 G903] (sla I 4 -)
oozl (V)

65,5 Sledlbl 1,5l skt 4, Data Sheet 1-v
S oolaiwl Hg5YeS ) glgil

S YAD gasly sleslatul bl ,e¥eS ) G jloe =Y
by b sl o)l (295 Wy o ¥
255 o3ludl

Saio YA+ 0 gasl sl eslatwl L OV ,gYeS, G -0
by b sl ol e (295 5y mlaw -7

adsl oleSll -1 ¥ -y

SS9l polie Sl g (—Seid olal 4 039
e S adly po il a gV eS ) e o Caedl L
(b ol 5o 5ldy ,5YsS ) slalae a5 el poiime
Gk 3l geime sl o wiile lgie |, o ois]
3,591 Cawsds ledMbl slads

W S8 alsn 1yl aw gl ,gi¥ss ) 25T
@ oa—is S, 5ldg o cpl joaues oo Jlasl o a
79> a5 os—dee Jate (55T, (695,5 sk
A 4 Gud S s oo 200 )5 o0 8L )0 oull IS 5L
Gl a_ian b a,si¥eS ) pl 0 .05 0 oo Jaie
2l 5 ok AgS ) JBy (sanals 5l 609)9 5Ly

Lo, 51 diges diz 45 Wgd oo dislu ccilizes slacl > 52005 b sV,
el ) T @ -
oz & 55 5, R s~
¢ ¢S ia saly °
E A sl & 537955 ylao ¥ IS
E-

-
3
L

H

\ &



295V ) (sl diged Wiz (50l IS YT IS
SR JUAT SRR i ¢

5o 0ab &l e OIS ga S VYY)
J>1e 5o, L“’Q] 9955 jo0 bazaly L8 LSL“’&L")"‘
Sy B4 GlalesT nl 2!

Slabad gads ¢ olosl gl 5l LB -V Y-Y-Y
gaems I3 i leiloyge ) o ygt w3l 5 ogas 4
S Jol> liveds! oy T cedla

g ol iulesl g9,—5 51 J—3 -V Y-Y-Y
Sl I 50 L oS alejl g (o 1) Sliges
gt axlge St by ol

d.uS & o);oﬁ &9y )L)..o L)“"‘“J 'oli.ub—\v—\’—f
Siond 4y cwyiwd Sl a5 ais sleS 4 1)l

sk ails S92 d..JLc)T 6‘)‘?‘ 9 @bw.c 6‘)‘.’ ol

Sygo A LQUMJLO)T &l y—a! 1YY
&)l Ble

@

iS4z gl

Iy Gl 00 aseie ()L aS 69ge by
PE—iolojl slacallad g 57 515 OS50 sl
Z0° (g xSl olBiglo;l 5 o515 GLS pgo al>)

I &

Slaseive (48 yuw Hblo 4y aS abl ails ax o

Sr9r0 Moo €& B @b slaos ;o a5 o ws]
Ol o 7 yle Sl OYIE w jo wls g0l
575 5 0, (o byme s ol Sl sacr o alis
slas ) Data Sheet ;1 oolaxwl b wlgis ol

WS o oy Oledbl ol 4y (SledUs!

«TO—&» Lg..\.._,m L: ‘C’_:)}.a 9.) 4 LMY‘ q (u
«TO-Y» gomatus b g ol (Lo Voo b > 5Slos L
S Sl Slie 55 (go0isS oulas LMYV (0

OIS el g YV b g VYD g5
oo b sy 5%, S LMYY- (o
Ol 3Wg bk 0 ,6Yss, S RCF10 (&
19Y S ) diged iz (gl s VY-V S o

el ool ooy lias asly a

Y oaw

TO-220




sae ) LMYYY wi!-
s Y YOV -pE 5l -
sac ) %W‘QKQ&)MWL»—
Yol LIAQ 510-Q 0 Q FVQ clacuoglia -
sas ) pls o 5l ol
axkad ) Spoy -

so50e Slga 5 )1l (Dl -
ui‘..il.oﬂ Sl Jo o -1Y-0
Y=Y ole—is Oledb! a3 5 -V Y-0-)
Ao les

=1 o5 3 lse (o

Al IC oty JS& gy b bl Slasin (z

LM78XX

Features

e Output Current of 1.5A

e Output Voltage Tolerance of 5%

e Internal thermal overload protection

e Internal Short-Circuit Limited

e No External Component

e Output Voltage 5.0V, 6V, 8V, 9V, 10V,
12V, 15V, 18V, 24V

e Offer in plastic TO-252, TO-220 & TO-263

e Direct Replacement for LM78XX

Applications

* Post regulator for switching DC/DC
converter
* Bias supply for analog circuits

Packaging Information

TO-263-3 (S)
Bay Linear 1. |nput
2. GND
y 3. Output
1 2 3
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» Absolute Maximum Ratings

Parameter Symbol Ratings Unit
Input Voltage (for Vp=5V to 18V) V| 35 \%
(for Vo=24V) v, 40 Y
Thermal Resistance Junction-Cases (TO-220) Roic 5 ‘C/W
Thermal Resistance Junction-Air (TO-220) Rgia 65 ‘C/W
Operating Temperature Range Topr 0~ +125 ©
Storage Temperature Range Tste —65 ~ +150 €
» Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit, 0°C <T ;<125 °C, [g=500mA, V=10V, C,;=0.33uF, Co=0.1uF, unless otherwise specified.
L. MC7805/LM7805 .
Parameter Symbol Conditions - Unit
Min. | Typ. |[Max.
T;=+25°C 48 5052
Output Voltage Vo 5.0mA<Io<1.0A, Po<15W \%
V=7V to 20V 4.75| 5.0 [5.25
. V=7V to 25V - | 4.0 [ 100
Line Regulation (Note 1 Regline =+25° mvV
ine Regulation ( ) T=+25°C SV 12v — 1650
10=5.0mA to 1.5A - | 9 100
i Regload T;=+25°C
Load Regulation (Note 1) g J 16=250mA to 750mA B 4 50 mV
Quiescent Current lo T,=+25°C - | 5080 mA
lo=5mA to 1.0A - 10.03] 0.5
i Al mA
Quiescent Current Change Q V=7V 10 25V — o313
Output Voltage Drift AVo/AT [ 1o=5mA - |-0.8| - [mv/C
Output Noise Voltage VN f=10Hz to 100KHz, Tp=+25°C - |42 ] - [uv/vo
Ripple Rejection RR f=120Hz, V=8V to 18V 62 | 713 | - dB
Dropout Voltage Vbrop 1o=1A, Tj=+25°C - 21 - Vv
Output Resistance o f=1KHz _ s | = | mo
Short Circuit Current Isc V=35V, Tp=+25°C - 230 | - mA
Peak Current Ipk T;=+25°C - |22 - A
Note 1:

Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must b
taken into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA
3-Terminal 1A Positive Voltage
Regulator

Description

The MC78XX/LM78XX/MCT78XXA series
of three terminal positive regulators are
available in the TO-220/D-PAK package and
with several fixed output voltage, making
them useful in a wide range of applications.
Each type employs internal current limiting.

/ 1
1/
TO-220 D-PAK
1. Input 2. GND 3. Output
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» Electrical Characteristics (LM78XX)
Parameter Symbol

Output Voltage Vo
Line Regulation AVq
Load Regulation AVg
Ripple Rejection RR
Output Noise Voltage VN
Dropout Voltage Vp
Quiescent Current 1Q
Quiescent Current Change Alg
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CASE 77-08
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0 | MAXIMUM RATINGS (T; = 25:C unless otherwise noted.)

1 | Rating
2 | Peak Repetitive Forward and Reverse Blocking Voltage(l)
(Rek =1 k) C106F
(T = - 40° to 110°C) C106A
C106B
C106D
C106M

3 | RMS Forward Current
(All Conduction Angles)

4 | Average Forward Current
(TA =30°C)

5 | Peak Non-repetitive Surge Current
(1/2 Cycle, 60 Hz, Ty = - 40 to +110°C)

Circuit Fusing (t = 8.3 ms)

Peak Gate Power

Average Gate Power
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Peak Forward Gate Current
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Bidirectional DIAC Trigger Diode

DB3A
Features

. Low breakover current

. Excellent symmetry

. Very low leakage current

. Trigger diode with a fixed voltage reference

. High temperature soldering guaranteed:
250¢£C/10S/9.5mm lead length at 5 1bs tension

gk wnN -

Mechanical Data

Case: Glass Case DO-35
Terminals: Plated axial leads, solderable
Weight: Approx. 0.13 gram
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Maximum Ratings and Electrical
Characteristics (Ta = 25°C unless noted otherwise)

Symbol Description
VBo Breakover Voltage*
Breakover \oltage
[+VBOl-1-V BO | Symmetry*
Dynamic Breakover
e \oltage*
Vo Output Voltage*
IBO Breakover Current*
Tr Rise Time*
Ig Leakage Current™
Ip Peak Current*
Power Dissipation on Printed
Pd Cireui
rcuit
I Repetitive Peak on-state
TRM Current
R
UL Typical Thermal Resistance
RthiL
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Product Specification

Triacs BT136 series
Quick Reference Data
Symbol Parameter Min. | Typ. | Max. | Unit
BT136- 500 600 800
BT136- 500F | 600F | 800F
BT136- 500G | 600G | 800G
Repetitive peak off-
VDRM | gtate voltages S0y | BB G Y
|T(RMS) RMS on-state current 4 4 4 A
Non-repetitive peak
ITSM | on-state current % % % A

Pinning - TO220AB  Pin Configuration
Pin Description
1 | Main terminal 1 tab
2 | Main terminal 2
3 | Gate

tab | Main terminal 2

Symbol

T2 T1
123
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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 2pA (Max)
e Low Emitter Reverse Current  200nA (Max)

e Passivated Surface for Reliability and Uniformity

PN UJTs
By

CASE 22A-01 E
STYLE 1 B,

*Maximum Ratings (TA=25°C unless otherwise noted)

Rating Symbol | Value Unit
Power Dissipation Pp 300 mwW
RMS Emitter Current | Ig(RMS) 60 mA
Peak Pulse Emitter
Current le 2 Amps
Emitter Reverse Voltage VB2E 30 \olts
Interbase Voltage VB2B1 35 \olts
Operating Junction T CEimenE | o
Temperature Range
Storage Temperature .
Range Tstg |-65t0+150 | °C

*Indicates JEDEC Registered Data.
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DM74LS00
Quad 2-Input NAND Gate

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

® Connection Diagram
Vece B4 A4 Y4 B3 A3 Y3
14 13 12 11 10 9 8

D)

1 2 3 4 S 6 7
Al Bl Y1 A2 B2

e Function Table

Y =AB
Inputs Output
A | B Y
L L H
L |H H
H L H
H | H L

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range  0°C to +70°C
Storage Temperature Range -65°C to +150°C

Recommended Operating Conditions

Symbol Parameter Max | Units
Ve |Supply Voltage 525 | V
V|4 |High Level Input Voltage 2 \Y
V|L [Low Level Input Voltage 0.8 \Y
| o |High Level Output Current ool mA
I oL |Low Level Output Current 8 mA
T |Free Air Operating Temperaturel 70 °C

Physical Dimenssions inches (millimeteres)
unless otherwise noted

0.740-0.770
(18.80-19.56)
0.090
(2.286)
0.250+0.010
(6.350+0.254)
PIN NO.1
IDENT
0.092 0.030 MAX

(2.337) (0.762) DEPTH
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DM74LS11
Triple 3-Input AND Gate

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

e Connection Diagram

Vece Cl1 Y1 C3 B3 A3 Y3
14| |13] |12 11, |10 9 8

) 7411

1 2 3 4 5 6 7
Al Bl A2 B2 C2

o Function Table
Y =ABC
Inputs Output
B
X
L
X
H

H = High Logic Level
L = Low Logic Level
X = Either Low or High logic Level

T |X|[X|>
I|IX|X|r|lO
Iir|ir|r

Physical Dimenssions inches (millimeteres)
unless otherwise noted

0.740-0.770
!" (18.80-19.56)

0.090
" (2.286)

] [
L]
0.250+0.010

J.:J (6.35010.254)  INDEX
PINNO.1 = AREA
IDENT ]ﬂ'“”””.u. (1]

PIN NO.1
0.092 0.030 MAX _ IDENT
(2.337) {0.762) DEPTH
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SN54/74LS04
HEX Inverter Low Power Schottky

® Ordering Information

SN54LSXXJ Ceramic
SN74LSXXN Plastic
SN74LSXXD SOIC

e Connection Diagram
Vece A6 Y6 A5 Y5 A4 Y4
14| |13 12 11] |10 9 8

)LDJLDJLDJ

L

1 2
Al Y1 A2 Y2 A3

Y3 GND

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
1 soIC
14 CASE 751A-02

17-Y Oledbl a5



\) V-0 Lgo)w Sleds| Lgdf)g -\F-0-\F
g V-1 Joaz o 1) ol s 5 oS asdllas

SN54/74LS10
Triple 3-Input AND Gate, Low Power Schottky

e Ordering Information

SN54LSXXJ Ceramic
SN74LSXXN Plastic
SN74LSXXD SOIC

e Connection Diagram

Vec C1 Y1 C3 B3 A3 Y3
14| 13| (12| (11| (10 9 8

]

) 7410

Al Bl A2 B2 C2 Y2 GND

J SUFFIX
CERAMIC
CASE 632-08

4
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4-BIT BINARY FULL ADDER
WITH FAST CARRY

® General Description

The SN54/74LS83A is a high-speed 4-Bit binary full adder with internal
carry lookahead. It accepts two 4-Bit binary words (A1-Ay4, B1—B4) and
a Carry Input (Cp). It generates the binary Sum Outputs (X,-X,) and
Carry Output (C4) from the most significant bit. The LS83A operates
with either active HIGH or active LOW operands (positive or negative
logic). The SN54/74LS83A is recommended for new designs since it is
identical in function with this device and features standard corner power
pins.

® Connection Diagram DIP (Top view)

By X4 C4 Cg GND By A 3

® Pin Names

A1-Ay Operand A Inputs
B1-By Operand B Inputs
Co Carry Input
X124 Sum Outputs
Cy Carry Output
LOGIC SYMBOL
SN54/74LS83A4

101187?4116

A1 B1 Ap By Az B3 Ay Byl

13-co Ca
4-BIT BINARY FULL ADDER e (G
WITH FAST CARRY 1T 111
LOW POWER SCHOTTKY e R

Y=Y ol wledbl gas

See saily S VFAY gasl5 -1\V-0-9

ez 69555 50 L Faez ol el s ez b

3955 ez 9 A sae slp Ap g Ay c Ay Ay

Jolis Jlas slo 9,5 5,18 Cip B> L Carry o454

Sz e gatd \V-F IS8 0 el ol & o8,
S e i |y i T sl

V70

SL74LS86
Quad 2-Input Exclusive OR Gate

e Logic Diagram
1

Al 3

|31:>2 DYl

2D

B2—> 14

A3gj 5 s 1 D SUFFIX
10 ) p—— SOIC

B3 14

As_12 1 Ordering Information

B4:>l3 DY4

SL74LS86N Plastic
SL74LS86D SOIC

PIN 14=Vce o :

PIN 7=GND Ta=0°to 70°C for all packages

N SUFFIX
PLASTIC

o Function Table

® Pin Assignment

Vec B4 A4 Y4 B3 A3 Y3 Inputs Output
A | B Y
L L L
L | H H
H L H
H | H L

H = High Logic Level
L = Low Logic Level
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® Dual J-K Flip-Flops (with Preset and Clear)

® Block Diagram (72)

thgy_ —oQ

Preset Clgar

[ ]
Clock
® Pin Arrangement
1cK| 1 ~7 16 |1K
L L |
1PR2-LJéf<K H15]10
PR CLR
ICLR| 3 -—| 6L © ||-- 14 1Q
1] 4 H 13 |GND
Vee| 5 12 2K
2CK| 6 = H 11 2Q
CK
2PR[ 7 CEREE | Bl 0725
Q Q
2CLR| 8 | | 9 |23

e Function Table

Inputs Outputs
PRESET CLEAR CLOCK K Q Q
L H X X X H L
H L X X X L H
L L X X X | H* H*
H H - L L | Q Q
H H - H L | H L
H H = L H L H
H H " H H | TOGGLE
H H H X X | Q Q

VA=Y o leuds leMb| gaf o

DS o5 0590 1) loe (galdi -V A-0-Y
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DM74LS165
8-Bit Parallel In/Serial Output Shift Registers

® General Description e Physical Dimensions inches (millimeteres)
This device is an 8-bit serial shift register which shifts unless otherwise noted
data in the direction of Qa toward Qpn when clocked.

Parallel-in access is made available by eight individual - 0.740-0.780 o
direct data inputs, which are enabled by a low level at (18.80-19.81) |
the shift/load input. These registers also feature gated ' o -0
cl_ock inputs and complementary outputs from the eight =) ) [T [ (L [
bit. i _._.ﬁ I
° Features 0.250+0.010
(6.350+0.254)
Complementary outputs oI Nl '
Direct overriding (data) inputs IDENT
Gated clock inputs OPTION 1
Parallel-to-serial data conversion e Function Table
Typical frequency 35MHz Inputs | |
Typical power dissipation 105mW el Output
shitt/ | Clock | o ook | seriat L2 P Q
q q L erial H
® Connection Diagram Load | Inhibit A.H | Qa Qg
Clock wwrial Output L X X X a..h a b h
Vcc inhibit " D C B A input  Qy H L L X X QAO QBO QHO
li6 |15 14 |13 |12 Ji1 1o o 7
H L H X H Qan Qan
H L T L | X L Qan | Qcn

X=Dont Care (any input,including transitions)
= Transition from LOW-to-HIGH level

H H X X X Qa0 QB0 | QHo
? H=HIGH Level (Steady state) , L=LOW Level (Steady state)
|1 |2

3 4 5 6 7 |8 a...h=The level of steady-state input at inputs A through H, respectively.
Shift/ Clock | F © H Output GND Qa0 Qo QHo=The level of Qa, Qg, 0r Qy respectively, before the indicated
Load QH steady-state input conditions were established.
PARALLEL INPUTS Qan Qan= The level of Qu or Qg, respectively, before the most recent T
transition of the clock.
® Logic Diagram PARALLEL INPUTS
r A}
A B © D [ F G H
T(ll) T(12) T(l3) T(14) T (©)] T 4 T ®) 6)
PRQ ~ FRO PR S PRQ PR S PRo; S PRog S PRo O
—d>CLOCK —4>CLOCK| —34>CLOCK| —q4>CLOCK| —34>CLOCK| —4>CLOCK| —4>CLOCK —4>CLOCK| Rt QH
SERIAL (10) & © 8. G & © 8. G & G 5. G & @ = oD
INPUT ¢ R cLr R cLRiS R LR RCiN R CLR R cLR R cLr R cLR™Output Qy
SHIFT (1)
LOAD
(2)
CLOCR Y T Y T T T Y
cLock (19
INHIBIT

VA=Y g0yl wledbl gas

G4lS o ol 1 g 0 Loy e o dlind Sy oo Jsa elyen |, VEVSD sl L5l e

Caglie &b Il ol sy 4 el St soled sl L u S VA S Jae -VA-O) -
Bl > ol 50 0SS Jog <y +0 5lg 4 V- KQ
DS o Iy Al e ol 1 Jol s aily (bgel- LED

S aid g cudio 300 8y, |y Sl s, il
S oy o)l |,

W g IS )15 )
’ Sl 1y sl S (goylas (sl ~VA-D-))

VY



Parallel Inputs
J\

r N\
A B D E F H
L (11) (12) C(13) (14) @) (4) ¢ (5) (6)
Shift/Coade-2 $> : . ‘ : ‘ ‘
lock inhibit
Clock:%D ! ! ! ! ! ! !
S S S S S S S S )
>CK >CK I>CK >CK I>CK I>CK >CK >CK QH
Serialo&Do——cD = B) B) D D D pe D }LGH
?(11)
Shift/Loade @ :t} 5 --- Inputs Internal
i Parallel Outputs Output
Shift/ | Clock | ) e | seral QH
. (15) Load | Inhibit A H QA QB
lock |nh|b|t::E> _ .
Clock B L L X X X a..h a b h
S
& H L I1_\ X X Qao  QBo | QHO
(10 H L H X H Qan | Qcn
Serial ——dD b—---
5 g H L T L | X L Qan | Qcn
H H X X X Qa0 QB0 | QHO

VEIPD cadlyy 51 Hlae —VA-Y JSo

DM74LS194A 1 %V
4-BIT Bidirectional universal Shift Register 10KQ 5600 15 16
G A 11
® General Description
This bidirectional shift register is designed to incorporate virtually all of B_12 9 Qn
the features a system designer may want in a shift register; they features Cc 13
parallel inputs, parallel outputs, right-shift and left-shift serial inputs,
operating-mode-control inputs, and a direct overriding clear line. D 14 |:|
The register has four distinct modes of operation, namely: E 3 270
FE— 74165
e Features
e Parallel inputs and outputs G 5 &
e Four operating modes: 6 \ A7
Synchronous parallel load 1
Right shift
Left shift N 2
Do nothing )
e Positive edge-triggered clocking 101 8
e Direct overriding clear - I
e Connection Diagram -
Outputs Py S )“'\"° -VA-Y J‘s“‘"
f—/_\
Vcec 'Qa Qg Q¢ Qp Clock S1 S0 _
l16 |15 |14 |13 |12 |11 |10 |o aly sl Voo loi sl -VA-O-VY
v J S5 oy g @B o 5l g 0S5 Jog pdly e (25
”0 oS 4l [, LED g, = igels cumdg b
INVOWIPSTIA e, i PR C =l v
1 2 3 4 5) 6 7 8
Clear Shift Shift GND . _
rignt 2B & D) G VA=Y o o Sledlbl ga§  -VA-O-Y
Serial  Parallel Inputs ~ Serial _
IpLe IpLe algis a8 0y 1. 51,8 slaigS a1y ol ld e g oS anlllas
VA-Y oledbl a5y DS de 5 ol (e s, )

VY



VASF JSi 501, omns] ol oo Jpoz 5 (51 (6405 i, Cied G VEVAF sl -VA-ONF
Lol Gilge cud B Lo S, m o Sea S )k

® Shift Shift
SO Right Left
{ Serial ParallellnpUtS Serial
(10) ’ \
S1 Input A B C D Input
?7 (2) (3) 4) (5) (6) (7
— |
:Iock(ll)
Stear o
RCLR RCLR RCLR RCLR
Ld>cK Ld>cK Ld>cK Ld>cK
L>—s  QaH L>—s ese s Qe L>—s Qoo
(15) (14) (13) (12)
Qa Qs Qc D
Parallel Outputs
Inputs Internal
. .o . _ _A_ Signal Mod
6‘))[’“‘” dbd”‘l’; )LM o= )‘ o VA-O-YY Clear | SO | SI | Clock (i:A.g’ES)si ode
Slp byl e 0SS Jog e 1) sl g0 2 ) L [ X|X]| X X Asynchronous clear
Il coles jo g Jlasl ey +0 5Ly & alasd S H|L|L| X X Clockinhi-bit (data hold)
H|L|[H| T Qi+1 Shift left
Go¥ b cdle cpl o 0SS Jate ey 4y (3l jsboay H R[] T Qit Shift right
D opdg, Ly H|H|H| T i Parallel load

aly owisl 98 2 29y sloal -1A-0-VA

el aldS 50,5 Jog g adad b oS Jog pudby (29,5

)Osé.a..SaAbLum‘)LAbL\ LgLwaG:st)mg
A2 syl o Slas 5 g0

L g oS )L,S5 1) 0s5 claalie -VA-0-11
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VEIRE el 51 ylae —VA-F Ui

VENAF sl o Shoe 0590 50 -VA-0-10
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(U] (8] (8] (8] (U%] (U] (U] (8]

() S (=) (=) (] S (=) (=)

5 oD B ID 5 oD B ID

S 1% 1% % A & 4 &

L1 L2 L3 La Ls Le L7 Lg
1 9 16 15 14 13 12 1 9 16 15 14 13 12
,| Shift-Right QA QB Qc OQp 2 ‘éShi_ftI-lTightt QA QB Qc Qb
e T s1f2 B eratinbit 741948
CK A B Cc D GND S1CK A B c D GND
11 3 4 5 6 8 11 3 4 5 6 8
+5V0—r \1
sl s e
. +5V
.5},& J..ﬁj _L_
OIllOIllOIllO [
Sl O 5 plwr ) Gy os oo VA0 S
oo o JUSl cz oS YAZD Como Jgoz 4y azgs Ly —VA-D-Y -
LVEVE sl 99 VA-8 S sllas —YA-0-Y ) 9= el 3l 5 27 Shb a5 el

i Sk sl gon et O goa
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