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Abstract

A Trigger Control System has been designed and developed for TEA-N, Laser.
The principle of Capacitive Discharge Ignition System (CDI) was applied as the main part of
system. The system consists of capacitor which in series with primary winding of an ignition
coil , SCR and Oscillator . The DC Voltage of about 60 V was applied to charge the Capacitor.
The capacitor was discharged suddenly via SCR that was controlled by IC 555 Timer. The
designed Triggerl Controlled System can control the repetition rate of TEA-N, Laser up to 10

Hz at various separation of Laser channel Spark gap.
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anyoinm IReaawesduSoiunsusn Taoaefinfoasniibumsiufi uby
laser) Tusadunyiiugng puise) Tnmo1nau-694.3 i Tuwas
aon1lutaiwl a.a. 1960 9MIU HAZAME (Javan and other) lAadMasairedlay
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Tl a7 1962 Sauuazlav (Rigden and White) uvaiolfiidinsivad 1avssay
o o Y oo o aq ¥ [ ] A o A
anvdselunsad g dou-tioou NiRAuatedNABiBInNNINIAAY 632.8 W TUNAS
& oA PR a e ' voA oA o
FydodumwesinToausniivihaueduastiioalugranmusany
1t ad. 1962 duduan Idinsfuwuawes wuuduqdouwnune Feagiiane
@ 8/ [+4 P 9 o dy
mMsRatMUMTaresndnty 1Aaail
a ¢ ¢ . Y ¢
A6 1963 uuniiiod waz Y5003 (Mathias and Parker.) aa3n Tulasiovaires
% [] -y ad 1
Faltuaamroslugmusursusa 860 - 1240 W lumas wag B9a (Heard) wud lulrsiou
4 9 o 1 o o d‘l
e ase liuavaes lugudanst la Temananuenaau 337.1 i TuNAs
v
A7l 1964 U3V (Bridges.) uiausEimed adruaweiordneudiuniausn Tuilifeaiy

4

I'd ] a o a ¢ d 9/ 4 g 1 @
1uaa  (Bell) ll"\iUiHﬂﬁlﬂﬂﬂi']Wﬁﬂﬁ ﬂﬁ']ll'ﬁﬂﬁi']ﬁmlcﬁﬁiﬂ'ﬁﬂﬂuqﬂl‘ﬁuﬂullaz LRIV
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'd o ° LY
(Patel.) adramosmivoulaoenlea (carbondioxide laser) MaamAuuawsn

[

A7, 1966 10RUADT (Walter.) uvaaoniuIndmaiin ugadu anigenim lRada

woinolnlesiued (Copper vapor laser)

Vet 9/ o [ 4 ' o & o‘: a :
a.¢1. 1968 atimsade mresmivenlasenladuinndi 200 Sadidunsusn Bava

1 4
fimsaduaressidou-unailion (He-Cd Laser) iunausn

1.2 Mmovaaz e lulasouaresluaalsemsa
TulasnuaesiurilamweiMaluana (molecular gas laser) i IMuaIITOTEM

BUNSUTA (860 - 1240 W TUINAT)

o 4

TuiliRerdudio a.a. 1963 B5aadnulaswuares ludmusansi 1 Toaa uaznun
duailnasunfianudnniige Ianveneau 337.1 nmTumas duiidhledud wenan
- sd - P A A °
M TuTasswames nugmunstaauamesauenay 337.0 luwas  Henndas

Al Y ﬂ v 7 2 o‘: l:l -’Vl 1t = Sa ae
s i lananvasiiuwad  Saaszuuvedlulasouared higan  J11alins3douas
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WA tares ¥ Al nMog1n39¥NIn
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Tuszozusng ndannfdsadunuszuuvedlulasoumees midsouasianndin

LY o' 2 a Y] - o o o [
Juszuuanudum Falimsnsequiluiaddamse (pulse discharge) Tnaufiuapadnume

, .
fo "luTmmummaiuuuni:ﬁumuma (Longitudinal excitation N, laser : LE-N, laser) 9

“Wunvuiidwavae i namuasduauin iy Sanuunisde lulasmuwaesuuy

nizﬁumnmn (Transverse excitation nitrogen laser : TE-N, laser) L‘i‘]uuuuﬁiﬁ’ﬁmm"luﬁﬁ
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ATZAUAIMYIN Fianusumolugouaire A UAMUSULSSEINA (Transversely Excited
at Atmospheric Pressure N, laser : TEA-N, laser)

wsaniy Bimsisouaswann'lulnsnuaesuun #se (TEA) vuieane i
Tﬂaﬁ'iya"lvlﬁmw“lwﬁaumcvagﬁﬁﬂamangﬁud 10 - 100 UALAT [H1B9INANLETIVDEA
Wi nelugesmwesfianigaiinnuend 40 wuRns msEifadnIsrInsduRIvne

4
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I'4 A LY =;d v c‘: o o " ﬂ‘l’
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:;’ 4 dyd éa b o
quluTasouawesuuuiitaduitdevadiafuunn
M1 A.#1.1982 $A3a UBTLLADINE (Rickwood and Mclnnes.) A5 1ddnims loos
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A Qs o o 4 L] LY i aa .
Teotieansmednihasssiaminnldne wesiwiionGe) uazdanou (S
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aonlull nr. 1986 SA3A Uazives UWDRA lud (Rickwood and Serafetinides.) fi 1A11

a dy 3 o 4 @ - (4 2 W e dy A
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1.3 MyIvatazwann lulasouaes lulszina Ine '

- W, a o L) 4
U wet. 2527 Sudia o dmu Mdaheulasoumwesvianszquaain fnnw

[y

Aud1 NurIneduseainy

T w2530 Yszamns wgn wag Usziady Tnsdoiien dadalulasmuames
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Y nat. 253 $fgen nowas uaz Tosde eimilos I8adreluTasnuaredyia
ATEAUANYNNAAIAUYTSINA (TEA N, Laser) fironiumnTuTadnszvomndudinu
NMITAANTLN

119499nMTMLVES TEA N, Laser fapafianuunnsoslufoaessannisain
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lWﬂﬂﬂﬁﬂQ’d%’N’Nﬂiﬂ‘izﬁi’uiﬂUU'IﬁU’Hﬁﬂﬂ'li‘U'ENi:U‘U CDI

iwenaasslfvsnszdumiloniliidamsmhinfiahsnunldredasiiaivaue

A o o 9 1 o a ¢ o Y = a a a dy
woRaauaz il unasduidaarosiem lded s ansnmanng iy
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o afuszuuseididig

o afravvsadudyIunszau (clock)
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2.1 nqufveuaives

2.1.1 neuiveuaisesaly

% do o a et A
aenlsenouiidnn lumsifauaaaresy 3 dszmsne
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t 4
1. msawed nSefifond @wesNiAen (Laser medium) tixoiiimenilozdnadl
v ¥ y
auauiaiimiamsotlfifadssansundu Population inversion) Tuneluiioms uag
annsai fifavuumsldsundassedundanuvetezasunies  luanauuvadyaan
g aa o Y o t == g 1 &R o a [1d ] [d
wadnaduld Mmed1vaweslineonldun UNHANNUNN(RUbY crystal) AMFRAUTEUINMNS
§idonuazfaiioon (Helium + Neon) ludasidufiimuizan uazensazanedfondn(Dye
Solution) lﬂuﬁ'u
o as 1 0 o dy Py a ad o
2. s3UUEMES (Power Supply) sTuuswMEITRvIToInuBidnnseiind
1 .. . . X o {1 o oo A °
#nA1qa(High Voltage electrofiics circuity FaimrhfinwiidmIdihaifnage oluvh
9 L4 - I Y a ’ ar 9y ‘A A e’: 0
MINTEAUAIsIAIYDS 30 mireilmen ifalszinnInadl MInsequEar iAo
Y o4 v ay Yo e a e
Tavaregtuuy MilndwaanumanzsaundelsnumzeiNinouniu
a e d . e 1 v = °
8. eenfifaislwunes (Optical resonator) STULIAITDT IagdIuNINUAT UANNH

Wudeaioonfisas Tomumes Fahmhinldaduuiivan i mse Traew) fdannvuiu

'
o o

a 4 a v @ ' I A E ¢/ a v
msadyaamadiatuasdtoundu e lidoy  Tasfimweilidouss Tdves
. 4 v g ﬁ o a ya ¥ 4 4 4 ¢
@mplify) Aduuiman Wi nfuliianuduganniusiniigatsudiuiavareioonn

Ao L4 s/ - ad 2y :: a 9/
sesuveavisas lsnunesdsenoudenseeniniou ladwnaiavatnq su Uauazilane
4 1 e’:‘ a Y] a0 4
mreslisunszanmaniuseinasiounduReflectivity) Ny 1nauvsvaisoiilur =100%

WAzR, = 65% - 95% A3l 2.1

Ml{ < L ~|M,
3 \ ]
Rl = 100% laser medium RZ - 60-98%

517 2.1 ndnnsveas Tmumes
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i a 1 a Y o o Y a
Trasufiianinmstasldssununszguicliinludinaaefih Idinansvee
v a 0 q ¥ 74V ya y A 4 4 - s qya Ve ¢
suliwai Miawesf ldlanudmnvdugesq st ldifiamsunianianaames
4 1 ' o (4 ¥ [
(laser-oscillator) IaeTidouluimsvens (gain) voamsuniinianmareszdsalinumny
msgaydolus Toumed SoniinsvewdaiSy (Threshold gain) Taafmualdiilu 3,

fwmuald R, ,R, dusazheundufinszen M, , M,

o, dumsgydondanudeszoznng

L Wluszozrnszninnizan M, , M,
o a o o v

B dududszdnimsvoedyananion

o . 3 ¢ o ]
vz lRaumsfuaasnnuduiusssninanuduives fuszozrnvenszan
s
R TH 1= geP-om (2.1)

anuuresNaziounnnszen M, A

M, = Rexpl(f]- QL)L] 2.2)
A & & Y A Y
WWIATUNUITOUADENOUN MI ﬂ'nm‘umztflu G

G = RRexp2(B - L)L) (2.3)

3 v a 2 Y A A Y
G = [AMUINYDAAINIMAINATUNHITOY / NN vaulonousuay)
i 3 [ [
AU G Aamdavessiuveuaresiie Inaoulasuniiasou
$ G u1nn 1 wfamsunduve Iasumelunasaiawes Roulvdaisy

Yoamsamsunlnianaises Ao

G = 1 = RRexp2(3, - QL)L) 2.4)
Tagii B, fiomsvnedasuniomsveeiinediiamrninnanns 2.4) vz 1éh
B, = O +12LIn ll/R,Rzl = O,+0, @5
Taeh O, = msgydondinuTdasulumsganaunazmsnszifameludinan

L4
YD I
. = o v o ['s
uaz O, = migaidondinu Iesuludiuvesdwauaroiuonnsan
N y

NAFUNIN (2.5) TumsiiansunnTamuass 1aTu fidavesszdseiiauniny

HASINYBINMITGYITY
4 [ [~ 1 o 4 -=; 1Y)
nnfinaudieeoin ldnsuduneededldnssenfimunsaulumssassos L

‘ 1 ! a =& ° ] o 1 g
FEMIN M, uaz M, e ldifaerdosnm (sability) ¥z ldmsunianianuaesihedu
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sUfi 2.2 mssandaus Tauuud

o

s/ @ ot s o o
vnglld r,, r, Wusedivesnssen M, , M mudAy
L {fuszozszninnszen
o a 1 1 o 4 o o ° '
fuamniinoiang Taea g Aemsilimesveadiduieslasimuah
g, = 1-LI , g8 = l-LhI (2.6)
9 [ I'd 9 9 ¥ 4
& r nnndgudiiunszenh r Hoondgudidiunszanyu

) L4 a d" A
lﬁﬂU5ﬂ'1W‘U'E)\1L51‘IﬂLNN"‘h"\]$lﬂﬂ‘UuﬂJ'ﬂ

0 <gg <1 2.7
L4 [ ) A
llﬁzﬁi‘mluu‘ﬁﬂzVlnlﬁﬂﬂimf)
- .
g8 <0 "o gg, > 1 (2.8)
1) o)
MIUNTUUD 2.8 = 0 ag 88 = 1
A =
ABLADYTATNYDVIYA
' r ry
rl.—a } £ a =
E‘ ‘ A !
(2} Nearly ptanar (coavex) (b) Planar (c) Nearly planar (concave)
—n, —f » L ry=ry~x nory» L
IR (== O<gy=g1<!
unitable .. mearginaily stable stable
rr Ty ry . ooy ” g r
_ N 4
(d) Nearly confocal (¢) Coniocal () Wearly concentric
71,-':>JL "|"'1"L ’|2L/2:fzzL/2
=520 f1~f1=0 0>¢12 =121
stable marginally statle stabie
W rl ra ry
’ | I Dl B Ul
(g) Concentric (h) Necasiy concentne (1) Hemi-concentric
r‘-rl—l_jl nelirys 2 ri=lirym=s
&G =1~ —1 € —ligeg -1 [ SRS ST
margioally stable unsiable marginaily stable

=; a 4 1
51 2.3 Mmsdaus lsumasuyuneg
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W an 1917 lovdalmliausvuaumsdasldes Inasuvesssasuuuunsziu
(Stimulated emission) TasaIsaNSUATAOWEe IABUNMIBZABYI 3 LLUAIAY Ap

A 1 ¢

1. MIGANANUVUNTZAU

Y a b3 LY = @ o a o ;

f18 Tlnousinaieuenuinssqulnezasun/doussaundany  nnszAUNaIIUM
E, lUgszdumdsnuiiqand E, eznouszganaulvaouniindsnumifunaniavesssqy
v

WA Gonvuaumsinvuiumsganduuuunszgu ARl 24m) Teodouaums

14
walnuvsamsganau ladall hV, = E,-E = AE (2.9)

luile v, = anwdvoalvasufiigngand

h = AIAAUDINAA

2. midandaealnneuuuussIuaA (Spontaneous emission)

$revaonfigssaundanuiiqand E ﬂ:ﬂam:ag:ﬁ's:ﬁuwﬁmmfu"lﬁ"lﬂmu
@szum 10* - 10° JuN) fvzilanldos IMaousenindsiinnud V, = (E - E)h udih
Iozaounduineglussdundanudt E, fgUdt 2.40) Gunvuumsiih msdanydes

TWapuluusssuma

3. mstaavaeslvneunuunsedy (Stimulated emission)

'1u§1J°7'i 2.4(9) ﬁmzﬂammz1?u¢’1’uag}?is:ﬁuwﬁmu E, uaziilvaoumouen
AN V = E, - Eyh dunnszduiifezasun/foussdundsan uazlufiqassaouey
nduudaszdundia E, vusdeatu wiimstaaddes IMasusenuiiudndasuiuda

1 4
@ naoifluaeada dagil 2.4m) navnide Soavurumsiimslasddesuuunszdu ga

o o

dgueamalanldes TdaeuTasiimslamldesuuunszquil 2 dszms Ao Yszmsusn

a

waauves Ilaoudaf 2 AfasnnsnszquezmAuwdsuees Inasudusn duisaiu

-} A Q’l‘ " o d' Q’l‘ a1 - ar
anTeanusnauvsd IdasunaasdmIny uazdszmsn 2 TWasunsaesvsinaifeanu

2

1
2 A J

Fasonnianudueoniug
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317 2.4(n) MmsganduTaouuuuNIZAY

-]
trt
tx}

3UN 2.4(v) Mmsvasasy Iasuuuusssuma

®
txy
2]

kv 2 2 2hy
AVAVAS VAV
x o ‘/\/\\/\.—

v

UM 2.4(n) Mmsvanass Idaouuuunsedu

A' L% Yo s J
2.1.2 mimuwaaam’lnnun‘mmmawas

Tumsiuwdanuldiuezasunie Tuanavesdinaruawes e lifaszanns

LY ° g/ £ ¢ aa [24 8/ L4 [
HNNU i]’llﬂuﬂﬂslﬁﬂ}l’lﬂﬁﬂ'lﬂﬂiﬂﬂﬂ‘!lﬂ\li%'ﬂﬂ‘\lﬂ\lﬂ'l‘lf TﬂuhnmmmmwaaTuacvmu 17

aUNI

N, = N exp(- AE;/kT) (2.10)
Taofi E = wdmlussdundaans
E = wiamlusgdundanudagandy
N, = Swuezpewlussdundany |j>
N = $IUIUDZABN IUTTALNANIY |i>
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"\]'lﬂ'dllﬂ'liﬁ (2.10) THUNNUIUDEADY N, ‘DZﬁﬂ']!J']ﬂﬂ'J'ﬁ]'m'JNOZﬂOU Nj oy

¥
o o

= Y- 1 daa = a 3 ° 9
guiumsifavsernsundusudusuiunmsinalnaninsssumd  Tasdoariald

o/ = o A g o 1 Q’l{
5$1J1J"UE]\10$G103J‘UEN¢I'Jﬂﬁleﬂ‘]fﬂillli]'m’)uﬂzﬂﬂll NJ. > N, FAWAINANVNFUANITU

e mldfadszmnsnnduld mamuwdsnuanaivaisds wu

ms e

9 ad
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n3 1FGATeIMuAR IMwda i unnesNsaE?

2.1.3 ML NINISINNNAINH

1. MINUHAINY 3 52AY (Three level pumping)

1 ] * »
divozaouguduiindsnu E, wasudomzlgszduwdsanu E, sznoumariiiun

] [ . 1 d 1 LY o ° [y dy 1
AAIUWAANANTUBYNIIAUTWNYILAY E, 'nﬂﬁ'v1muazﬂan1uszﬂuuﬁmxﬁu N, 9znoy

1 dy L) L dy 4 = L J L L - 4 A o L
mmuvsag‘lus:ﬂnumu lﬁﬂmﬂ‘l.lﬂ‘l.ll'JﬁﬂNitﬂUWﬁN'm'su WBNWIUDEADY N, UINAN

N, Tao N, Wuduuezaouluszduwdanm E, fimdeeg szifaanmilsznswaiuuas

A a Qs o 1 o J 4 A v
dieegmounldouszduwdsniunin E, llg E, dexddssuaaairesoonuuiiognnszqu

* ¥
A0 UBAUATDTNUNAINVUIUNTH AD ([AIFOFHUAN

. N4
fast decay
E3 : N3
hv
laser
EZ T NZ
3t AE>SKT
deca
/ y

N Eé.
gy i 3
fast decay
N; 2
hv .
pump VaVAWVAS pump
laser
. Ny \7
Ey Ey

(M

(V)

1 a d o Qs a LY
3‘1]7:'1 2.5 MINARIFIIYUA 3 TLAU LATTUA 4 TSl
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2. MIRUNAINU 4 530U (four level pumping)

- a 4 a <& o 1
sUN 2.5(%) ﬁmlmumsmmmmas 4 559U ‘Ni]:’éfﬂifliﬂll’lllﬂtﬂﬂll N, 410071 N,

¥

v Qs (4

Tugtezaou N, Sumdanudaes lgszdumdanu E, dudmau N, uazaandanuedn
< 1 ° EY o o d’do ﬁ 4 ' dy '
sa5mnegi E, shidssdundenuiiisavezaouiiu N, Weezasumariivaalassuaa

@ o [ ] a0 (Y o dyd Y
@IFDSNAU E = hV,, Nzaandnuing E, szaoudieglussAundanuiill N, A2 aa
o (] o v aq ¥y []
wisnuang E, deduna AE = E, - E, > kT fesiuiildezaen N, g N, Tavvuauns

9y 3/ ° 9y ' ' o 1 o a - P4
ﬂi:qu%‘]ﬁﬂ’ﬂniﬂu'ﬂﬂﬂ N3 NN N, ‘EJgLfTiJ'r] AUYU  FAVU-UDDU 1DIFDT

= d
2.2 nguivedlulasiauases
TuTasimuaedidwamesilifalulasouidudinan  Hdydnuamauad N*
uaziimsdasuadvesdidnasousuaasluasnd 1

d' = [ ad
m3eh 1 msissaivsdianasoululuanaveslulasiou

Molecule State l7'(:u "G . '7'(2g Xe) . Other
N, X2 4 2 0 0
A 3 2 I 0
W Au 3 2 1 0
B'TT, 4 1 1 0
By 3 2 1 0
a'lzu' 3 2 1 0
aTe, 4 P ! 0
w'Au 3 2 1 0
X 2 .2 2 0

C'TT, 4 2 1 0 20,
T, 3 1 2 0
k] +
E . 4 1 0 0 3ng
c’r 3 i 2 0
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LY [ 7 Y s s . s :‘d 4
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d o G J o 1
Qeven WuilandugiSonaoiny g m0Indd gerade utladig
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LM555/LM555C

—

National
Semiconductor
Corporation

LM555/LM555C Timer

General Description

The LM55S is a highly stable device for generating accurate
time delays or oscillation. Additional terminals aré provided
for triggering or resetting if desired. In the time delay mode
of operation, the time is precisely controlled by one externai
resistor and capacitor. For astable operation as an oscilla-
tor, the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor.
The circuit may be triggered and reset on falling waveforms,
and the output circuit can source or sink up to 200 mA or
drive TTL circuits.

Features

m Direct replacement for SES555/NESSS5

a Timing from microseconds through hours

m Opoerates in both astable and monostable modes

w Adjustable duty cycle

m Qutput can source or sink 200 mA

m Output and supply TTL compatible

m Temperature stability better than 0.005% per *C
m Normally on and normatly off output

Applications

m Precision timing

m Pulse generation

m Sequential timing

m Time delay generation

m Pulse width modulation
m Pulse position modulation
m Linear ramp generator

. .
Schematic Diagram
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Absolute Maximum Ratings

I Military/Aerospace specified devices.are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for avallability and specifications.

Supply Voitage +18V
Power Dissipation (Note 1) LM555H, LM555CH 760 mwW

Operating Temperature Ranges
LMSSSN, LMSS5CN 1180 mW

LMS555C 0°Cto +70°C
LMS555 —55°Cto + 125°C
Storage Temperature Range —65°Cto +150°C

Soldering Information
Dual-In-Line Package

Soldering (10 Seconds) 260°C
Small Outline Package

Vapor Phase (60 Seconds) 215°C

Infrared (15 Seconds) 220°C

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

Electrical Characteristics (r4 = 25°C, Ve = +5Vto +15V, unless othewise specified)

Limits
Parameter Conditions LM555 LM555C Units
Min Typ Max Min Typ Max
Supply Voltage 4.5 18 4.5 . 16 \
Supply Current Ve = 5V,R = « 3 5 3 6 mA
Vog = 5V,R = = 10 12 10 15 mA
(Low State) (Note 2)
Timing Error, Monostable
Initial Accuracy 0.5 1 %
Drift with Temperature Ra.Rg = 1kto 100 k, 30 50 ppm/*C
C = 0.1 pF, (Note 3)
Accuracy over Temperature 1.5 1.5 %
Drift with Supply 0.05 0.1 %/V
Timing Error, Astable
{nitiaf Accuracy 1.5 2.25 %
Drift with Temperature 90 4 150 ppm/°C
Accuracy over Temperature 25 3.0 %
Drift with Supply 0.15 0.30 %/V
Threshold Voltage 0.667 0.667 xVeo
Trigger Volitage Veo = 15V 4.8 5 5.2 5 v
Vee = 5V 1.45 1.67 +.9 1.67 \
Trigger Current 0.01 0.5 0.5 0.9 pA
Reset Voltage 0.4 0.5 1 0.4 0.5 1 \
Reset Current 0.1 0.4 0.1 0.4 mA
Threshold Current (Note 4) 0.1 0.25 0.1 0.25 pA
Controf Voltage Level Ve = 15V 9.6 10 10.4 9 10 11 \
Vee = 5V 2.8 3.33 3.8 2.6 3.33 4 \
Pin 7 Leakage Output High 1 100 1 100 nA
Pin 7 Sat (Note 5)
Output Low Vec = 15V, 17 = 15mA 150 180 mV
Output Low Voo = 4.5V, 17 = 4.5mA 70 100 80 200 mV
—
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LM555/LM555C

T
Electrical Characteristics 1, = 25°C, Voc = +5V to +15V, (unless othewise specified) (Continued)
Limits ‘
Parameter Conditions LM5S5 LMS55C Units
Min Typ Max Min Typ Max
Qutput Voltage Drop (Low) Veg = 15V
Ising = 10 mA 0.1 0.15 0.1 0.25 \
Isink = SOmA 0.4 0.5 04 | 075 v
Isink = 100 mA 2 22 2 .25 \Y
Ising = 200 mA 25 25 \
Voo =5V
IsINK = 8 mA 0.1 | 025 v
Ising = 5 mA 0.25 0.35 \Y
Output Voitage Drop (High) Isource = 200 mA, Vg = 15V 125 12.5 '
IsouRce = 100 mA, Vo = 15V 13 133 12.75 133 \
Voc = 5V 3 33 2.75 3.3 \
Rise Time of Output 100 100 ns
Fall Time of Output 100 100 ns
Note 1: For operati ' d the device must be derated above 25°C based on a +150°C i ' and a thermal
resistance of 164'clw (l‘ 0-5), 106°c/w (DlP) and 1707 ¢/w (S0-8) junction to embient.
Note 2 Supply current when output high typically 1 mA lass at Voo = SY.
Note 3: Tested at Voc = 5V and Ve = 15V.
Note 4: This will determine the maximum value of Ry + Ry lor 15V operation. The maximum total (Rp + Rpg) Is 20 ML
Note 5: No protection agalnst excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.
Note 6: Refer to RETS565X drawing of military LM555H and LM555. versions for specifications.
Connection Diagrams
Metal Can Package Dual-in-Line and Small Outline Packages
GNO —'- '—— 2V,
3 I =
: TRIGCER ——[ =] I L niscuaRce
=k 3]
vt [==] -1-‘-— THRESHOLD
4 o- + 5 CONTROL
TL/H/TBS1-2 REsET VOLTAGE
Top View
TUW/T851-3
Order Number LM555H or LM555CH Top View
See NS Package Number HO8C
Order Number LM555J, LM555CJ,
LM555CM or LMS55CN RN
See NS Package Number JOBA, MOBA or NO8B
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LM555/LM555C

Application Information

MONOSTABLE OPERATION

in this mode of operation, the timer functions as a one-shot
(Figure 1 ). The external capacitor is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 Vcc to pin 2, the flip-flop is
set which both releases the short circuit across the capaci-
tor and drives the output high.

. 5V T0 +15V
OO +,
i RESET -
| T e
. <
[ O
TRIGGER DISCHARGE
NORMALLY S . O—{2 )
-on-10a0 S M
THA
| LMSSS ] ALl
| . coxTROL
outeut VDLTAGE
3 s —
NORMALLY S | i
FF~ LOA L
TOFFTLO0AD | (X

TUMH/7651-5
FIGURE 1. Monostable

Tho voltage across the capacitor then increases exponen-
tially for a period'of t = 1.1 R C, at the end of which time
the voltage equals 2/3 Vcc. The comparator then resets
the flip-fiop which in turn discharges the capacitor and
drives the output to its low state. Figure 2 shows the wave-
forms generated in this mode of operation. Since the charge
and the threshold level of the comparator are both directly
proportional to supply voitags, the timing intemal is inde-
pendent of supply.

A3/

TU/H/7851-6
Voo = SV Top Trace: Input SV/Div.
TIME = 0.1 ms/DIV, Middle Trace: Qutput 5V/Div.
Rp = 8.1 k02 Bottom Trace: Capacitor Voltage 2V/Div.
C = 0.01 uF

FIGURE 2. Monostable Waveforms
During the timing cycle when the output is high, the further
application of a trigger pulse will not effect the circuit. How-
ever the circuit can be reset during this time by the applica-
tion of a negative pulse to the reset terminal (pin 4). The
output will then remain in the low state until a trigger pulse is
again applied.

ﬁ

Wheit the reset function is not in use, it is recommendeq
that it be connected to V¢ to avoid any possibility of false
triggering.

Figure 3 is a nomograph for easy determination of R, C
values for vanous time delays.

NOTE: In monostable operation, the trigger should be driven high before the
end of timing cycle.

ASTABLE OPERATION

If the circuit is connected as shown in ﬁgure 4(pins2andg
connected) it will trigger itself and free run as a

(T
77

A

/

4s100%a 1ms 10m100ants 105 1005
te - TIKE DELAY

t1

€ - CAPACITANCE (uF)
4

0.0t

.00t

TUH/7851-7
FIGURE 3. Time Delay
multivibrator. The external capacitor charges through Ra +

Rg and discharges through Rg. Thus the duty cycle may be
precisely set by the ratio of these two resistors.

O +ee

LMSSS ]

e e e = AAAS e o e =
n
Z
~
-~

I

AN
E

1 4
Tl

TU/H/TBS1-8

FIGURE 4. Astable
In this mode of operation, the capacitor charges and dis-
charges between 1/3 V¢ and 2/3 Vcg. As in the triggered
mode, the charge and discharge times, and therefore the
frequency are independent of the supply voltage.




Applications Information (continued)

Figure 5 shows the waveforms generated in this mode of
operation.

) A 1N

TL/H/7851-9
Veo = 5V Top Trace: Output 5V/Div.
TIME = 20 us/DIV.  Bottom Trace: Capacitor Voltage 1V/Div.
Ra = 3.9 k1
Rp = 3k
C = 0.01 uF

FIGURE 5. Astable Waveforms
The charge time (output high) is given by:
t; = 0.693(Ra + Rg) C

And the discharge time (output low) by:

ta = 0.693 (Rg) C
Thus the total period is:

T=1t4 + to = 0.693 (Rp +2Rg)C

The frequency of oscillation is:

1 1.44
T7 ®Ra+2RgC
Figure 6 may be used for quick determination of these RC
values.

=

The duty cycle is:

18 A—D—N—N\

NN

N, 1N D\

N
7, /s M
0.01 ™
(R.;ZH.) \ \

€ - CAPACITANCE {.F)
-
P

0.001 A A
[A] 1 10 108 1 10k 100k
1 - FREE-RUNMING FREQUENCY (Hr)
TL/H/7851-10
FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by
three circuit.

LT—w
04—
[=

TU/H/T8S1-11
Veo = 5V Top Trace: input 4V/Div.
TIME = 20 ps/OIV. Middle Trace: Qutput 2V/Div.
Ra = 9.1 k0 Botliom Trace: Capacitor 2V/Div.
C = 0.01 uF N
FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous pulse train, the output pulse
width can be modulated by a signal apptied to pin 5. Figure
&8 shows the circuit, and in Figure 9 are some waveform

examples.
I._T___ﬁt_o Ve
<
>
‘ ' DISCHAR ;, "
TRIGGERO——t 2 H oe
LMS8S ‘ THAESHOLD
MODULATION
INPUT L-
OUTPUT O=—l3 s—0  ——
1
TUHT85t-12
FIGURE 8. Pulse Width Modulator
J LT \‘
V¥ A
3 4 \\‘
z ) \‘
= — 1 .
TUH/TBE1=-13
Ve = 5V Top Trace: Modudation 1V/Div.

TIME = 0.2ms/DIV. Bottom Traca: Capaciior Voltage 2V/Div.
Ra = 9.1 k2
C = 001 uF

FIGURE 9. Pulse Width Modulator

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the control voltage terminal. The pulse position varies
with the modulating signal, since the threshold voltage and
hence the time delay is varied. Figure 17 shows the wave-
forms generated for a triangle wave modulation signal.

543
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LM555/LM555C

Applications Information (continued)

% Q +Vee
Ra
% R.

. |MODULATION
QUTPUT Q==mi) § b—=0

LMS5S 3

[4

iI-¢

TL/H/TBS1-14
FIGURE 10. Pulse Position Modulator

ZAN
N put
\ v
] !
- — 0 -
i

TL/H/7851-15

Vee = 5V Top Trace: Modutation Input 1v/Div.
TIME = 0.1 ms/DIV. Bottom Trace: Output 2V/Div.

Rp = 3.9k )

Rg = 3k

C = 0.01 uFe

FIGURE T1. Puise Position Modulator
LINEAR RAMP

When the pullup resistor, Ra, in the monostable circuit is
replaced by a constant current source, a linear ramp is gen-
erated. Figure 12 shows a circuit configuration that will per-
form this function.

Veo
[ [ Re
TRIGGER 2 7
2N425¢
OR EQUIV
LM5S5 s
OUTPUT O—roq 3 H 4
L
0.0tuF
TL/H/7851-18
FIGURE 12

Figure 13 shows waveforms generated by the linear ramp.,
The time interval is given by:
_ 2/3VgcRg (R + R C
Ry Ve — Vee (R + Rp)
Vgg = 0.6V

v
// ° 7
Z : pe

Veg = 5V Top Trace: Input 3V/Dlv.

TIME = 20 us/DIV. Middle Trace: Output 5V/Dlv.

Ry = 47 k1 Bottom Trace: Capacitor Voltage 1V/Div.
Ry = 100 k2

Reg = 2.7k

C = 0.01 pF

TL/H/7851-17

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Rp and Rg may be
connected as in Figure 14, The time period for the out-

5-44
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Applications Information (continued)

put high is the same as previous, ty = 0.693 R, C. For the
output low itis t; =
Ra - 2R
[(RA Re)/(Ra + RB)] Cln [—A————B]

2RA < Rg

Thus the frequency of oscillationis f =
t1 +to

f *Vee

LM555 § @

QUTPUT O—dq 3 ] e €
| -1 09NF
[ 0.014F

TUHIT851-18
FIGURE 14. 50% Duty Cycle Osclillator

Note that this circuit will not oscillate if Rg is greater than
1/2 Rp because the junction of R and Rg cannot bring pin
2 down to 1/3 Vg and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1 pF in
parallel with 1 pF electrolytic.

Lower comparator storage time can be as long as 10 ps
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10 ps minimum.

Delay time reset to output is 0.47 s typical. Minimum reset
pulse width must be 0.3 us, typical.

Pin 7 cumrent switches within 30 ns of the output (pin 3)
voltage.

5-45
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2N6400

Silicon Controlled Rectifiers & 2;22:)5
Reverse Blocking Triode Thyristors ’

s i T L

—i—

... designed primarily for half-wave ac control aoplications, such as motor
controls, heating controls and power supplies; or wherever hatf-wave silicon

SCRs
gatetcontroiled, solid-state devices are needed. 16 AMPERES RMS
® Glass Passivated Junctions with Center Gate Geometry for Greater Parameter 50 thru 800 VOLTS

Uniformity and Stability

e Srhail, Rugged, Thermowatt Construction for Low Thermal Resistance, High Heat
Dissipation and Durability

® Blocking Vcltage to 800 Volts ¢

!
| | ?

- - ot

~ CASE 221A.04

' (T0-22048]
¥ STYLE 3
"MAXIMUM RATINGS (T = 25°C unless otherwise noted.)
-}
{ Rating i Symbol Value Unit I
v - —
Peal Repetitive Forward and Reverse Voltage, Note 1 : VRRM Velis '
(Gpte Open, T; = 25 10 125°C) 2N6400 _' or 50 |
f 2N6401 i VDRM 100
' 2N6402 ! 200
2N6403 | 400
2N6404 600
4 2N6405 300
RMSEOn-State Current, Tc = 90°C IT(RMS; 16 Amps
Average On-State Current ! ITiAv) 0 Amps
Peak?\lon-ﬂeoeu'tive Forward Surge Current i' ITsm 160 Amps
(1/2 eycle, Sine Wave, 60 Hz, Ty =125°C)
Circuit Fusing 12y 145 A2s
{t = 8.3 ms)
Forwdrd Peak Gate Power PGM 20 Wats
Forwa:rd Average Gate Power ¥ PGlavy 0.5 Wart
Forward Peak Gate Current T—IgMm -t 2 Amps—-—-
Ooerating Junction Temperature Range : Ty —-40to «125 °’C
Storadle Temperature Range 'T_stg, | —4010 +150 | - - =C
THERMAL CHARACTERISTICS i
: Characteristic ' Symbol Max Unit
Thermal Resistance, Junction to Case i Rasc 1.5 ‘Tw

*Ingicateq JEDEC Registered Data.

Note 1. Vpam and VARM for all types can be applied on a continuous basis. Ratings apply for zero or ne
vqltage shall not be applied concucrent with negative potential on the ano
sdurce such that the voltage ratings of the devices are exceeded.

Oevices ligxed in bold. italic are Motorola preferred devices.
"

: b it

MOTOR

gative gate voltage; however, positive gate
de. Blocking voltages shall not be tested with a constant current




2N6400 thru 2N6405

B e s e

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

! Characteristic Symbol Min Typ . Max Unit
i *Peak Forward or Reverse Blocking Current I0RM. IRRM
i {(Vak = Rated VpRM of VRRM. Gate Open) Tj = 25°C — - 10 uA
t Ty = 125°C - - - -2 mA
§ *Peak On-State Voliage VTm _ — 1.7 Volts
I fiym = 32 A Peak, Pulse Widih = 1 ms, Duty Cycle < 2%}
i *Gate Trigger Current (Continuous de) IGT — 5 30 mA
! {Vp = 12 Vdc, Ry = 50 Ohms)
f *Gate Trigger Voltage (Continuous dc) VGT Voits:
{(Vp = 12 Vdc, R - 50 Ohms) Tc = 25°C — 0.7 15
H Tc = -40°C b= - 25
(Vo = Rated Vpgrm. AL = 50 Ohms) Tc = -125°C : i 0.2 - -
i *Holding Current Tc = 25°C ; Iy I 6 40 mA
4 (Vp = 12 Vdc. Gate Open) *Tc = -40°C ) Po— — 60
Turn-On Time . tqt - - us
(Iltm = V6 A, IgT = 40 mAdc. Vp = Rated VpDRM! H i
Turn-Off Time : tq i us
itm = 16 A 1g = 16 A, vp = Rated VpaMm! Tc = 25°C : i — 1 15 —
Ty = -128°C bo— ) 38 -
Critical Rate-of-Rise of Off-State Voltage i dv/dt 5 —_ S0 — Vius
{Vp = Rated VpRm. Exoonentiat Waveform} Ty = -125°C ! : !

*indicates JEDEC Registered Data.

FIGURE 2 - MAXIMUM ON-STATE POWER DISSIPATION

7 T j ’ 1800
1200

T mITOE WIS REWTIAR  (ORT TR TR TR e T WP W

FIGURE 1 - AVERAGE CURRENT DERATING

[

18—

! Ty 125v¢C 3g¢
] )

" = ————— dmee s

e W

Piav). AVERAGE POWER (WAL TS)

TC. MAXIMUI CASE TEMPERATURE ["C)

100 H :
2 60 70 A XT] 10 0 10 20 30 & S0 6O 70 30 9L

16 20 1C 20 S0
ITiav). AVERAGE OX STATE FORWARD CURRENT 1aMPY 1T(AV). AVERAGE ON-STATE FORWARD CURRENT (AMP)
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H
E 2N6400 thru 2N6405
;
f FIGURE 3 - ON-STATE CHARACTERISTICS FIGURE 4 — MAXIMUM NON-REPETITIVE SURGE CURRENT
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¥ FIGURE 5 — THERMAL RESPONSE
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FIGURE 6 — PULSE leCGER CURRENT )
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FIGURE 8 — GATE TRIGGER VOLTAGE
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" FIGURE 7- GATE TRIGGER CURRENT L
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FIGURE 9 — HOLDING CURRENT
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