\ unasse IWdaila

UNINTERUPTIBLE POWER SUPPLY

low

av § - o [3
wie wisng  Aaalainad
wit 8§ JEnfand

a &£
R NI !J‘iﬁp‘lﬁ‘lﬁﬂﬂﬁ

Yy fiwutidudmniisaimidnmnanmdnganiyaneiimnmenda iiuda
MiennImdinveing
anhunealulaiinszasunddhammmamenss

fimséimn 2536

033240




Wiggniimitiimadinm 2535

mamndisnmIsting

audennTanenans
smiumalulsiwazaamndidhaommesanses

09 unsissetWeiaiias (UNINTERUPTIBLE POWER SUPPLY)

Ao
1w viine Sedlatne’ 33100469
2 we afdy  nfad 33100490
3. W pus u?qn%qmnua 33100496

/EM/ o/ >~

(3. Usefa SFofiduw)
Ca A
DINISUNYS N




U ] i ‘
unaesre IWasiites

UNINTERUPTIBLE POWER SUPPLY

oy we vitnd Sadlained 33100869
ww siidy  Tivbif 33100490

a 4
Wit 89 mqnsi!mua 33100496

eI 94, daefis SoReuut

& 1
undets
Lmﬁ«hu\lﬂdmﬂm?aqﬁm (Uninterrupted Power Supply : UPS) Wussuufisnsnsnane
wisrulwineathadiaifies bihenenmedmdunmastissnnmimsosaunining fnenfisanainy
fieseipuondivig wiwhimbifsmhowsonmdnamnely ghesfenewdoamditlmee
loesineman
1 d‘ -I’ " Aa | 4 " 1 J A‘
uniasnaie . dmseney maenuuy msehe ussmmesasasmasneindadiarmn

» [] ] ) »
vsefinefioiifl mahaurasdmen mramasneineiias gadwisumstnouasgthlsenay

ABSTRACT

The UPS (Uninterrupted Power supply) is the system that can supply the continueoes
electric energy not only tﬁe input voltage is more but also less than normol . The UPS be
used to supply the continueous electriv energy on condition that the main power subply

cannot wolk petfectly in any way . .
This thisis describes the parts,design,development and experimental analysis of the

uninteruptible power supply.
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Forward transfer UPS system
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Continous UPS system
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Reverze transfer UPS system
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Redundant UPS gystem
TuifidmUTnauRs AT reverse transfer @ # inverter Manedalu UPS 2983
static transfer switch SanInBBNMIYINUAIN inverter $hdw sttt inverter a7t i4ms
1o y-) dﬂ{ o -3 4
agiiieigm wIanTiiweuswmeRefinT transter Tk generator

r —
] ]
1 i
1 1
I |
i——! RECTALR L INVERTER !
1 H ]
|
1 1 1 :
1 | ]
1 BATTFRY | l
: I !
1 ! I TRANSFER
! NE A4~ d) (5 SWITCH
1
>———% RECTIAER : vt —O \D—O b—>
NPT : b W 1] Q Bess ot
I ' i
1 1
: BATTERY :
] ]
1 [}
) {
i ] |
' i
—— RECTIER ; INVIRTIR
{ BLACY WAV /]
i
]
I
]
|
1
BATTERY

- ™

JU1.4 block diagram 84 redundant UPS system




AUUANAIIENIIN UPS LAY on line 1Y off line
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UPS 32Ul on line Usnaushedmusenaumdneg éiit
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1. rectifier/charger

2. battery bank

3. inverter /

4. automatic controller

5. bypass switch

anTnidiensiu block diagram et

A,

INVERTIR

—0 o—>

BATTERY

8YPASS

7U2.1 block diagram 484 UPS 3211 on line
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1. d rectifier/charger
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UAIUNTNIULEI UPS T40Y on line
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3.Battery

battery iindmisenausheneasssuy UPS vimbidumdenulwihluamaming uas
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4. Power Mosfet

RznaAugIuYes mosfet

Foyenwaieny mosfet Wity transister WS@SeRUA 216 N-channel 189 mosfet
mhauielian tansister 9fia NPN sz P-channol mavhaomisian transister #fia PNP

\-Pinch@ﬂ

Constant current Ve
GS

= Vps

it 2.16 muSeudiey NPN fu N-channel

MIANTON gate drive %89 Mosfet

mosfet Wuannyoifl fusedunauan wieiname gate U source Wusrmmue nse
L inasiu drain %9 mostet wlSImenegouss ¥p impedance g

s tum on 289 mosfet NILUEAY charge 71 capaciter (Cisg) Fallumarinssning
capacitor fim gate iU source (Cyg) WRY capacitor A gate U drain (Cqa)



NIty mosfet

= tf/Z.Zsts 4.2)
uay Iy = Cigg dw/dt (4.3
W9 Ry generator impedance (ohmn)
Ciss : mosfet input capacitance (PF)

dv/dt : generator voltage rate change (v/ns)

MIMNUYDY Mosfet

mﬂ]ﬂﬁ 217 US@3 output characteristic curve TN mosfet  NNANNIUAUN
mosfet WMoty 2 $hg &

- ANNE UM
- NIULEAT
COLLECTOR DRAIN
O
BASE NPN GATE (,[~3} N-CHANNEL
o o— K

EMITTER SOURCE

UM 217 output characteristic curves 184 mosfet
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dlo power mosfet gl switch wiehisznha drain une source avgnaELEIY
MIWE drain fimangan .

> Vgs

U 218 Frashotubasrha 1y fu Vg

Ui 219 emadiutsing ofs u Ig
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WATHU mosfet
1. Complementary emitter follower

MRl 220 Qp uar Qp axdaaianfiieh gain g TR maru Q

way Qp A nIzusf charge capacitor fmuelae

»

Icharge = Cgs Vgs/tr - (4.4) )
ey Cgs = Cigg - Crgg (4.5)
I.f}E] i =tf

ldiss = Gres Vas/tr (4.6)

v
MaumMIgoieTns transister viasaaiiu

P =Veplotuf 4.7)
by VR - WIiudnei (v)
Io : NIVUE collector (A)

f - ema@lums switch (KHz)



.
Vout

U 2.20 2L complementary emitter follower

2. 197H mosfet 1711"5 IC cmos

WRavn mosfet fieh ¥/p impedance 9 e cmos \lﬂﬂaﬂwé’agﬂﬁ 222

(o}

4

U 221 299380 mosfeddaeld cmos
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yJﬁ 2.22 999790 mosfet lael¥ TTL

3974y mosfet Tﬂtﬂ% op-amp

op-amp A& WNTUET o/p 4 usREGNIMUAMIOUA bandwidth Siaent 25 KHz

Vee

V3
9 9

[]=
0.

—0.
\V/ \Y4
2

o
il

A\

2.23 WU mosfet wuy ¥ op-amp



4257 Power Mosfet

'nwaammumiﬁl-’ﬁ mosfet ﬁﬁﬂmzﬁ snubber network 1’3’6’1”3&!

O 0

;ﬂﬁ 2.24 T398 snubber network Y89 mosfet
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- MIRENUULLASN1SHTI97999

3.1 Inverter

d inverter mwmwLﬂﬁﬂumzuﬁwmﬂunmxﬁﬁaummm'hmu load Tﬂﬂ'lmmmu
o/p i AC 220v. e 50Hz mﬂamummmwmwm@m m'lvi load 1unsadunsdt L
fmidadlnanvdolviiu
“NA7 inverter udmﬂssnau?;ﬁwﬁru 3 & p
1. meras
2. maemuAN
3. MANTIA ARG
hudnmmemardnissneudy  mostet imiii switching wmu‘lﬂqamqnmuqu
enedtyna pulse width modulation (PWM) uﬁmmgﬂﬂ 31

Vo1

AT L0

U 3.1 matdledygnos PWM



1 1 L]

—— — )

1 f ¥ v

11 (. {
RECTIFIER| |FULL BRIDGE| | 1220 Vres

I ! !

7
—— —

Pt |
| |HALF BRIDGE|
! |

|
& - SWITCHING |~ SINE WAVE}—1r0

BATTERY b~ SWITCHING |~ STEP-UP }—f

11 I 1 b | I
| | CIRCUIT | | I | FILTER | | CIRCUIT | | FILTER | |
i1 L] 1 b b oo
L —_— . I ;o = s\ . ! L J ]
' | |
— e | —— |
| | i i 1 |
{CIRCUIT 1| | | CIRCUIT 11 | |
[ i ! | | !
| DRIVE } | } DRIVE { |
| i ! | ! |
S ] — !
] l 8 !
| 1 | | | ’ |
| CONTROL | | { CONTROL P

! { i ! 1

i CIRCUIT |- ! { CIRCUIT {

{ | ] !

— e 7

UM 3.2 block diagram 9849937 inverter

H

mIssnuuuaEmIshadygne PWM asfamdnmaniFeudieuussdurmhadynn
carrier WugUafumumbsnenad 50 KHz fudoyono sine el 50 Hz Saundenad 50

v ' ' ' 1
Hz fiavdanltmim uadialwsufasdonmad 50 Hz vindyonios 50 Hz fanainamadd 50 KHz



XR2206

gl 14

Pun

PUN 311

N 33 mshaeet PwM

MIMNOUIBINRTTNAE 109038 shadynsamaaEmasnTeE 50 ki,

Y A

winhdtyanudmdnmsmdaenad 50 1y uanAemindyonn sine el 50 iy

wal s ey udnithy modulation Tudtyanos sine

- 31
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WU mosfet 189 Inverter
v o YAy . A 9y
| NRIMIMONETNAY MMM TR power mosfet e I mosfet §13Tn
vhaulelehamnyas 203y mosfet hwaeasit bigjsenmin diasmn mosfet FrugumMTaL
1%
Weud nng 3.4 aniwhdadtannnife moste biilame Soame DC wmeh opto

dudadnlaly mostet vhaumamtiy

TiPL122

Tirt22

IRF80 (!li'i' TIria?

TIPL2Y

Tiri22

3 g

areae TIP12?

1rrers
TiP327

kA4

U7 3.4 2399 Inverter

——— .



dmmenenaridadun full bridge mmeflamassmniums filter SyaNm sine
M3 mosfet Yhldlon
-NILUSFES :
lw = 14 Poyt/Vip
-UROUTIER
Viw = [Vin(max)2] + guardband

’

I

M1 n3
-6 >
DRIVE It cs PRIVE
nz - M4
/P  osP
<] Bl
AC228v. O
DRIVE DRIVE
(-3
> ==

zﬂﬁ 3.5 2997 full bridge




3.2 rectifier/charger

tectifier fanInULIgIu
1. half wave
2. full wave bridge

3. full wave centre tap

*

ANYOTANRILERIGTIgL

4

Half-Wave

N
7R

Full-Wave or Fult-Wave Center Tap

_slE X

Full-Wava 8ridge

1

@

TUA 3.6 2987 rectifier M TGERY



mIBanWlL capacitor-input-filters

tumseni capacitor filter fidfign AamsMnmmitudediin 37-310 Falitaagm
890997 full wave Uay half wave

100 T Y T 0.05
. r’:_ Q.5
] T3 AT !
S0 v . C=F"e ", V"/ 2
) J _C-*
80 /[ — 4
ﬁg:/ o §
Y /82 |
] { et
%f:,-/ 10
- A 12.5
gypit 15
v :"'- 20 R
-1 s
(%) 50 L I 25 E" *®)
“ 1 30 i
A 35
40 7, 40
4
//' 50
30 2 /1/ ?8
ity i
'-—:—'"" // 90
20 5 p' ol
10 \
{
4]
Q.1 1 10 100 1.000

wCR (Cin farads, R, in ohms)

w = 2rf, f = [ine frequency

~

W 37 enadofufsndia Vi, U V, 9999993 half wave
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0.1
—~0.5

T

0.05
1,000

Hy

RS AR

100

wCR_{Cin farads, Ry inohms) w=2rt, t=line frequency

100

Vc(oc)
Vm

Yo

&

sfutsEnie Vi U Vi 9892097 full wave

3.8 AN,

1l

P



- 10
h-]
2
o 7
s 5 ] 0.02
& s. 0.05
: “.—\j:_’-—'-—.'i 0.1
3 === i o2
<3 = 1 1.0
= = : 20
~. - —t=t1"1 T 5.0
n 2 10
P 30
E 100
w
¥ 1
w

1.0 2.0 3.0 50 70 10 20 30 S0 70 100 200 300 000

nwCR,

40
° 0.
2 30 | 02
° 2 e 0.05
® 20 AT 0.1
o = | 3=
& /‘/w*‘ [ 0.2
> e : ’ 0.5
T 10 ey 1 ‘ 1.0
- I
\_‘ 7 P r 2.0
¥ ! ! 5.0
4 ’ TT .
:-: 5 1 ~ 10
b £ : 30
L — LW - 100

3 I { s i

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 S00 7001000

nuwCR

I For Halt Wave Single-Phase Rectitier Circurts C in Faraos

n 2 For Full-Wave Singte-Phase Rectifier Circuits R_ Onhms

Ww=-2nrtwheret = Ling Frequeancy

W 39 emwdiussna e fu Tpeau 89 diode lwaeas

capacitor input

%R /nA

Rs = RMS Equivalent Source Rasistancse
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100 > v aom e wn
C&“\ Circuit Pararnaeter ‘:»—
;0 — A S/RL (%) ::
’ + _0.1 -+
.30 Halt-Wave 51}(9
3 =
204 = Q L 30 l
— h 0. -
10 R \\\‘ Full-Wave :::bt; _I_____
£ 70 - = ~ --30 .
T .. RS T A T
3 3.J ‘A X \\
¥ a0 BN :
P AN
3 20 ATa N
o ‘\r\\
T ooz = N
0.s NN O
) SN N
0.3 NN N
. N NN NN
0.2 - S
: NI NN
A
0.1 ; N
1.0 20 3.0 5.0 7.0 10 20 30 S0 70 100 200 300 500 1000
WCR_ (Cnfaracs. R in ohms)
w = 2t f 2 line ‘eequency
U 3.10 Ioot-mean-square ripple voltage 9992993
capacitor input
NN 38 asiuhnRTivheu o 0 WCRp, > 10 uneiuaraess 10% ua.,ma

WCRL > 40 UIAUILARAY 2% ma::muaunuLm@uwnnammfmﬂmmmumu RS/RL LJJD Rs

ﬂaﬂ’)’lNGI'NW]W’INWIE]D%ﬂ'iNNﬂ"llJ‘S“N’lm 0.1%

e LLﬂﬂv[MﬂN'm rectifier mwuﬂTﬂa Vp P89 secondary < toward drop Lm:ﬁiﬁﬁﬂma

mmmumu Rs
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fo, AVERAGE RECTIFIED FORWARD CURRENT (Amperes) lo, DC OUTPUT CURRENT

. 10 | 15 3.0 60 _ 25 s
59-04 60 267 194-04 | 309A-03 | 309A02
- (DO-15) Maetal Plastic Plastic
Ptastic
/ Fad | &
/1 9 ||«
Vane /
(Volits) :
50 1IN4001 .| ~INS391 | IN4719 | ““MRS00 | 1N5400 | *"MA750 | MDA2500 | MDA3S00
100 11N4002 | **INS392 | 1N4720 | ““MRS501 | INS01 | ““MR7S1 | MDA2501 | MOA3501
200 11Ne003 | 5393 | inaz2r | =MRS02 | 1NS%02 | “MR752 | MDA2502 | MDA3SG2
MR5059
400 1182008 | No395 1 1ng720 | MASO4 | 1NS04 | “MA754 | MDA250s | MOAISGS
MR5060
600 t1N200s | NOIT | 1Na723 | MRSO6 | 1Ns406 | “MR756 | MDA2506 | MDA3SOS
800 11NS006 | 1NS398 | IN4724 | MRS08 MR7S8 MDA3508
1000 t1N4007 | 1N5399 | 1N4725 | MRS10 MR760 MDA3510
IFsa ‘
30 50 300 100 200 200 400
(Amps) ! . 400
Ta@ et | 75 |1-7| 5 9 [T -105| 60
Tc @ Rated lo
55
0 55
T‘(‘,'é)'" 175 175 175 175 175 175 175 175
Owvnensions gen are nommal

t Pacxage Sue. 0 120° Mas Diameter by 0 260° Max Lengtn
* INS0SY seres ecurvatent Avalanche Rectibers
** -Avalanche versions avadable, consuft la‘ctoty

T 31 AENTIRYE rectifier Magen
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MIDBNUULEM rectifier

- PINNIT regulator

Velde) = Vg full load

Vmm = Vppay no load : -
Ih = lo full load

F = anmi AC line

- ingy 3.10 sxlén
tf = Vpp x-100 / 22Vc(dc)
wiEwnImen. WCRy, Idmnqudl 3.10

- fime Ry/Ry, Mgt 3738 W V(de) wasen WCR(, ﬁ\lﬁmnplﬁ 310
WCRL, ~ 10 Ry/Ry, snsamannguit 3.8 loel¥eneiganna WCR,

- §INIOMIEN capacitor WaIn

C =WCRy, /[ 2f (Ve{de)Io) |

-



charger wislél 3 wfin &

¥ w n('
1. charge @B UAIN z
2. charge é"mn‘szuﬂmﬁ
3. charge Wudovay

NanmMI

hﬂ‘qwnam'«na@ﬂs“quummasmujumn’cimmsmuu diasnnimaaling: uammmwm
afwnaane m‘m'namwmmuummmammmafwm‘hm anmIadwainu 2%
aaﬂLLUUNﬂ‘EBﬂﬂ‘i”QLL‘UGILWE]‘J‘IMI@ 12 bt 2 gn tnmadalszaoandus dm lugauan
mﬂumqmmmma‘sqn‘l'mmuﬂmadq wgnimua S aiey waslidi
LLTG@%?IEJLLUWLG]QTLWN%%N 20 Tt midadssyadhdeadd 2 viud Frufadanmasotu
mm mamm%mqwu Luatmwmaauummmw‘lﬂan&umﬁan m"uﬂwamaqm@mm‘lﬂﬂuﬂ

L'U.EN'«J’I Jispy WL 87 LﬂNLLﬂ’J
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U 3.11 W7 charge battery

e {31 )
11
Pe e
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3.3 transfer switch

Nﬂ‘iﬁ')uf:a“ﬁmﬁ?ﬁ transfer f'fryrmm ac NN output IYDITLUY inverter n?ammn ac
line L'znfjs"uu output ¥23NT UPS Lwama‘lvmu load ﬁ’aumﬂu switch W@ﬂaﬂlﬂ‘ﬁ relay Iﬂﬂ
ﬂnﬂnamﬂwmm switch QU maaqnu ac line UAY9T monostable AWYIIMTMUN 10ms. Lwa
W inverter vhomléemaant dennfuassiatiy output 989 inverter Snndiniheiaia

a X A ] k) ., [V U7
inverter fifgmawiaTasfiasaa output 2993933 UPS Wity ac line loesaluida

RC LINE
azev

RECTIFIER

b /4

RC/DC

INVERTER
DC/AC

RECTIF’IER

AC/DC -

! TRANSFER SW,

————0
/P INV,

O/P UPS

U 312 mavihamies transter switch masliflaunias UPS

L TRANSFER SW.,

INVERTER S
pC/aC O/P UPS

0/P INV,

U 318 Mhaees ansfer switch ndaflowndas UPS



Yy

TRANSFER SW, -

AC LINE RECTIFIER INVERTER
20V AC/DC ocrac 9O

O/P INV.

O/P UPS

W 314 MTMWYBINAT transfer switch Yousdl inverter

digm
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dmUTenautes transfer switch

] 1 ¥
1. 2937 monostable YMIAMUNAILTENM 10ms. WIBIATBIMNANNMILEN Udd
. v ) '
29618 output 989 inverter Ul load MIENRATT LM555 Fafiu 1C fihesiams dam

2. Ay elay Wummh transistor  aneadiuieasty  uddahindatantinng
monostable ﬁd;‘l}ﬁ 315

-

o=
o o
9 4 8
2 E
_6] SE6 3 E 4 393 5
2| - ‘ 2
— 1k ‘ )
[ 1 LED S, ) { % A
\ . -
- v
e —
| —

—k. I
ﬂgilﬁﬂ/. 0/? INVERTER

= RELAY

?Jﬁ 3.15 997 transier switch



MIUIBIEM transfer switch )

I 1C wat 555 dudaehodnnnonted Taeld 10 wet 293 affu comparater ol
dufeudfieudygnofdhin i 1C 555 MR reference %‘qé?’q‘i"z'tﬂum‘mjmﬁamﬁﬁf:
thinifn Iian winlwét dam transter switch # sediudmdirmualy UpS firhom
mﬁﬁmwmmﬁqﬂ'?{ 2.15 # 1C 393 1nd reference fin 2 a"m:m'hﬁ'm 3 uviu‘jmmé\’u?;m
3 gamusosifinn 2 awibin 18 logic emils widauseudin 3 dinhuseidin 2 sl
N 1 & logic #h 0 W trigIC 555 Wrinnufiussdeansnainn 3 189 1C 555 Sueriarty
contact 189 relay Yhivimh contact YWlaef output 989 inverter Wummimyhiirvusly
dielvidhgund wh contact asnduliief AC line smdnmniTadu Faudhudiofinem
M uuiU
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#lau DC to DC
: J & J : 1 ' ] ' J .
doutifludaunlfawinnssuansaiadulnifeeeassicerecunsesne ilseiie

J <« + -‘ J J J
Q1N2992317 3.16 aviiugn 1C494 avaFedyoy1od puise ABNNT M ANTNDATMLR LIRS

. .' J . - . . . '
fwunld dtyeyred pulse NALIazl trig fa mosfet Wivinenu vl input sRemlinwlaaidu
' o 3 1 [ d' .
pulse uazatldl output revinuaalu pulse il aniusztitudafiulsrqieas discharge

- J 4’ . o g ) [ J
MlAnssuanFouTu uda transistor auiuAaiTMUAATTEIUNAUTEANN

3 o w

bt g~

2171 3.16 dau DC to DC
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unt 4
NENITYARDY

1. 74 Pulse Width Modulation

- ‘l@?ﬁryrmm Carrier zﬂmumﬁmf{ﬂmuﬁ 50 KHz usvdyqnmu Input 3V Sine 50Hz
N

- ;ﬂﬂﬁ'uﬁ"mums Modulation Ssmiwdtynnn Carrier 50 KHz fusftyqnmu Sine 50 Hy
W& dyonns Pulse adfidaem
2. 894 DC-to-DC

-l Supply 'P';Lmn Ground mnﬁ’uwmwmmumioﬁuﬁmﬁmﬁ’u Tﬂu'l%wﬁauﬂm

LR Mmmensitiasld Supply #1 +6,6,412,-12 une 15 Toet Toemdaunofildvidius,
3. U Charge Battery

- Tums Charge Battery ﬁwummsuﬁ%%uagjﬁmmﬁwm Battery ﬁ'mﬁa ﬁ'Lmﬁu
si'mmmzmn '»"n'uw'v'umnmxtmx% '
4. 87 Transfer Switch

- u‘jatﬁﬂﬂtum‘lﬂ%ﬁu nm'm‘[ﬂaxgm‘fﬂ‘lﬂﬂudm Inverter iumssvie Iy

- nnu!t'i"uuum’odw‘lwsnn AC Line T8 Inverter u‘jmﬁﬂﬂtymﬁﬂﬁdau%oﬁ
5. 2937% Mosfet

- INMIMesINTY QM Output v lhims Stepp up Voltage FemiiaLlaenu
i’;qo #1BM3%ia Resistive Load ‘léﬁmtmm‘lﬁﬁﬁ’mmﬂué’nm‘mmﬁzy:mtuﬁ'ﬁmms

- WINYQIN Output ‘lﬂm'aw'mwz’:’auﬂaommﬁqo‘lﬁmmm Step up Voltage ¢}

- usumm9 Opto Thanla



N 4.1 carrier JumamAENATAA 50 KHz

[\

AWAWAY
VAVl
WAWA

AWA
VYAV,

9U# 4.2 input vl modulation
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1
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AUNBUMT filter

A 4.4 nle
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31.!‘71' 45 ;ﬂﬂéumé’qm: filter
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unfl 5
ssunsunsinisn

1. 74 Pulse Width Modulation
- é(rytymﬁ\lﬁmnms Modulation 3 hadtyqnot Sine 50 Hz NUSTYQM Carrier 50
KHz axleSudtygnm Pulse fieoudhad usimmiana 4 o ddagunu Sovevi bimnedn

89 UavaIaNOILNh

2. # DC-to-DC
- Iudnidiaeidsy Supply Mt «q ¥afuen Ground Foflqumwene Midlaenrmda
witnaf Elemunmbidaesin vinlidtass Load uda Supply Voltage anas Semasaanuums

| £ z
wasbianiisinly mewu1dmﬁ1ﬁ'ﬂmm§nm

3. 87U Charge Battery
X 1 o U “‘ z ]
- luﬂ'ﬁ Charge Battery Qmﬂfdﬂlﬂndﬂuﬁm Batbery meﬂ’mmmzllﬁﬂlﬂﬂd\l}j %\7

A 2, : ' - o X '
™7 Charge 3o Battery maz'l%mmﬂﬁﬂau{mqa WetEBUIIeU Battery (RaAMMISUET
Charge araviaemaSan « wvgadio Battery 18 Soms Charge finsusieioudhasintivinl

" ) r. 3
pmIIEnues Battery et udiatiiioiiefosydiomlums Charge wiu

4. 2 Transfer Switch
| 3 ]
- MMM Transfer Switch fieaudnog e UMy Switch snaulien

waldidasmmesamiienilu, Relay Funlyleleel¥ Eloctronics Switch unu

5. §UNeI Mosfot
[ 4 []
- MINOUIRTUNITIY Mosfer fithbivmsuen Ground ¥99M3YIY'M3 Drive

Transistor shwildu Mosfet usa axiigmiSas Noiss N USY MNAYBY Output Voltage
: e J ) -l 3 J ;
semsaiimineman Vg Sambisananld Output mavssfiehgafurh Vgvgs 1 del

r, X X
mtiyih e Step up naiinanmi masusaegomm Sosmmoutlelélee mauen Ground




WATHY Mosfer Y14 4 dheanainiiu Ssaerin i Noise firhasad useeanInllums Switch Wia
W& output Afehgondehwaedygnu Vg tddhe



| S
\BNH1981989

- fafiend o fan newfusemslinmilneat % s Ranindef 2 NN 4
Daanaiiafias 2628

- Arthur B. Williams | Operational Amplifiers Electronics Design Handbook.

- Motorola , Linear/Switchmode Voltage Regulator Handbook, Motorola Inc,1989.

- Motorola , Optoelectronic Device Data , Motorola Inc , 1983,

- George Chryssic | High Frequency Switching Power Supply : Theory and
Design , Mc Graw-Hill Bog] company Newyork ., 1984

- Abraham 1. Pressman . Switching and Linear Power Supply ,Power Converter
Design , Hayden Book Company Rochelle Park New Jersay, 1979.
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LM311

" ices like the LM306 or LM710C. I is

National
Semiconductor
LM311 Voltage Comparator

General Description

* The LM311 is a voliage comparator that has input

currents more than a hundred times lower than de-
also de-
signed to operate over 2 wider range of supply
voltages: from standard $15V op amp supplies
down 1o the single 5V supply used for I1C logic. lIts
output is compatible with RTL, DTL and TTL as
well as MOS circuits. Furthér, it can drive lamgs or
relays, switching voltages up to 40V at currents 83

high as 50 mA.

. <

Features
s Operates from single 5V suppl-v

® Maximum input current: 250 nA
= Maximum oftset current: 50 nA

Vbliage Comparators‘

» Ditlerential input voltage range: 230V [ -
s Power consumption: 135 mWat 215V

Both th(‘a input and the output of the LM311 can
be isolated from system ground, and the output
can drive loads teferred to ground, the positive
supply or the negative supply. Oifset balancing
and sirobe capability are provided and outputs can
be wire OR’ed. Although slower than the LM306
and LM710C (200 ns response time vs 40 ns} the

- device is also much {ess prone 10 spurious oscilla:
tions. ‘The LM311 has the same pin configuration
as the LM306 and LM710C. See the “"application
hints” of the LM311 for applica!ion'help,' :

Auxiliary Circuits**

N Offset Balancing

Typical Applications™*

*Avierh mdvetiwe duckioch

B el cislide

V' pawwt vl brmant a0
¥ em

Ben Ds et Groout Srvde P

Relsy Drwer with Strobe

** Note: Pin connections shown on schematic diagram :
and typical applications are for TO-S package. :

Typice! commen
wts prw rom 13V
- 1TVha

——V" - L3V

Digitsl Teansmission Isotator

. * - ORDuDAR{TRORK

“Vypecsl sapet et & .
54 04 s gty srobed o

-In Do Bot Gromet Sveahe P
Strobing ofl Both input®

A T, - ., . ..
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Typical Applications (Continued)
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" Application Hints : .

LM311

CIRCUIT TECHNIQUES FOR AVOIDING . (:3
.

OSCILLATIONS IN COMPARATOR APPLICATIONS

4. When comparator circuits use input resistors {eg.
summing resistors), their value and placément are
particularly important. In_all cases the body ot the -
resistor should be close 1o the device or socket in -%
other words there should be very littie lead length or

When 2 high-speed comparator such as the LMY s

used with fast input signals and low source impedances,

the output response will normally be fast and stable,

assuming that the power supplies have been bypassed \

{with 0.1 pF disc capacitors), and that the output signal

is routed well away from the inputs {pins 2 end 3) and printed-circuit foil run between comparator and
resistor 1o radiste of pick up signals. The same epplies’;

also awsy from pins 5 and 6. 4
to capatitors, pots, etc. For example, if R; = 10 kQ, sy .

little as 5 inches of lead between the resistors and the! "

slow sine wave, or if the sighal source impedance is high input pins can result in oscillations that are very hard?: * §
10 damp. Twisting these input leads tightly is the ™ .
13

{1 kQ to 100 kf2), the comparator may burst into :
oscillstion near the crossing-point. This is due 1o the . only {second best) alternative to placing resistors [ H
high gain and wide bandwidth of comparators fike the *  close 1o the comparator. g;‘-’
LM111. To avoid oscillation or instability in such @ C A
usage, several precautions are recommended, as shown

in Figure 1 below. . ,

However, when the input signal is a voltage ramp of &

5. Since feedback to aimost any pin of » comparator iy
can rtesult in oscillation, the printed-circuit ,layout’,)i_.'
should be engineered thoughtfully. Preferably there %
should be a groundplane under the LM111 circuitry, ™1,

for example, one side of a doubledayer circuit card, 27

1. The trim pins (pins 5 and 6} act &5 unwanted suxil-
jary inputs. If these pins-sre not connected 10 a trim-
pot, they should be shorted together. if they are
connected to a trim-pot, & 0.01 pA capacitor 1
between pins § and 6 will minimize the susceptibility
to AC coupling. A smaller capacitor is used if pin5is®,
used for positive feedback as in Fipure 1.

. Ground foil (or, positive supply o negative supply ¥ °H
{oit) should extend between the output and the }
inputs, to act as_a guard. The foil connections for the. ;
inputs should be &5 small and compact as possible, ,'"
and should be essentially surrounded by ground foil " ¥

b on all sides, to guard against capacitive coupling from

any high-level signals (such s the output). If pins 6,

and 6 sre not used, they should be shorted togethe‘r.

}f they are connected 1o a trim-pot, the trim-pot L

should be located, a1 most, a few inches away from the iy

LM 111, and the 0.01 pF capacitor should be installed. :&
I this capacitor cannot be used, 2 shielding printed- 558

circuit foil may be advisable between pins 6 and 7. ,f;} :

The power supply bypass capacitors should be Iocareﬁ ;"~‘

within 2 couple inches of the LM111, (Some other

comparators require the power-supply bypass to’!?g
located immediately adjacent to the compa ratqr.) 5 si
N : !

2. Centain sources will produce a cleaner comparator
output waveform if & 100 pF to 1000 pF capacitor
C2 is connected directly across the input pins.

3. When the signal source is applied through 2 resistive |
network, Rj, it is usually adventageous o choose an
Rs’ of substantially the same value, both for DC and
for dynamic (AC) considerations. Carbon, tin-oxide,
and metal-filen resistors have all been used successfully
in comparator input circuitry. Inductive wirewound
resistors ere not suitable,

<Y
- 7 '
=oh ,:1'
ct pes .
t “{
) - = ) Pin connections thown are for LM111H in B-lead TO-5 hermetic packape
[ A ?;'_’ ‘< -
T Y FIGURE 1. improved Positive Feedback ‘
v < N w1
1 * :

554 g
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Application Hints '(Conlinued)

6.

{

It is » standerd procedure 10 use hysteresis {positive
feedback) dround a comparator, to prevent oscillation,
and 1o avoid excessive noise on the output because
the comparator is @ good amplifier for its own noise.
in the circuit of Figure 2, the feedback from the
output 1o the positive input will cause about 3 mV of
hysteresis. However, if R; is larger than 10092, such
3 50 k2, it would not be reasonsble to simply
increase the value of the positive feedback resistor
above 510 k2. The circuit of Figure 3 could be used,
but it is rather swkward. See the notes in paragraph
7 below. , R .

. When both inputs of the LM111 are connected to

active signals, or if a high-impedance signal is driving
the positive input of the LM111 5o that positive feed-
back would be disruptive, the circuit of Figure 1 is

ideal. The positive feedback is to pin & (one of the
otfset adjustment pins). It is sutficient to cause 1 1o
2 ™V hysteresis and sharp transitions with input
1r|angle waves from a few Hz 10 hundreds of kHaz.
The positive-feedback signal across the 8251 resistor
swings 240 mV below the positive supply. This signal
is centered sround the nomina! voltage 81 pin 5, so
this feedback does not odd to the Vos of the com.
perator. As much as 8 mV of Vg, can be trimmed
out, using the § kQ pot and 3 k2 resistor as shown.

. These ap;.:'.iation notes apply specifically to the

LM111, LM211, LM311, and LF111 families of
comparators, and are applicable to all high-speed
comparatons in general, fwith the excepuon that not
all comparators have trim pins).

—O ovTrurY

Pin connections shown sre for LMT11H in B4ead TO-5 hermetic package

FIGURE 2. Conventions! Positive Fesdback
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Semiconduclor

Voltage Comparators

LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2303

Low Power Low Offset
General Description

The LM193 serjes consists of two independent precision
voltage comparators with an offser voltage specificstion
as fow as 2.0 my max for two comparetors which were
designed specifically to Operate from » single power

split power supplies is also possible and the low power
supply current drain is independent of the magnitude
of the power supply voltage. These comparators also
have a unique characteristic in that the input common.
mode voltage range includes ground, even though
Operated from p single power supply vohage.

Advantages

® High precision comparators
® Reduced Vg drift over temperature

Voltage Dual Comparators

® Eliminates need for dual supplies
® Allows sensing near ground

® Compatible with all forms of logic

& Power drain suitable for battery operation

Features
& Wide single supply R

Voltage range 2.0 Vg 10 36 Vpe

or dua!l supplies 21.0Vpe 10218 Voe
Very low supply current drain {0.8 mAJ}—indepen.
dent of supply voliage (1.0 mW/comparator a1
5.0 Vpe)

Low input biasing current 25 nA
Low input ofiset current 25 nA
and maximum offset voltage i3mv
Input common-mode voltage range includes ground

Ditferential input voltage range equal to the power
supply voltage
Low output
saturation voltage
Output voltage compatible with TTL, DTL, ECL,
MOS and CMOS logic systems

250 mV a1 4 mA

WI/vesLaT.

E6EWT/E6ZINT/E6LINT

E06ZNT “Ye6E N

Schematic and Connection Diagrams

- Duslin.Line Package

Metal Can Package

v
feen e e wea
. ] LY .
[
-t uy . - *vrryy
= = .
~-ryr
Y
[ " o

Typical Applications (V*=50vy.)

Basic Comparatar

wynw

Order Number LM193K, LM193AH,
L'M293H, LM293AH, LM3g3H or LM393AH
See NS Package H0BC

Drlving CMOS
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Order Number LM393N,
LM393AN, or LM2903N
See NS Package NOBB

Droving TTL
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LM193/LM293/LM393, i
LM193A/LM293A/LM393A, LM2903-

Absolute Maximum Ratings

Supply Vottags, v*
Differentist Input Voltage
Input Voltage
Pawer Dissipation (Note 1)
Molded OIP
Matal Can

Output Short-Circuit 1o Ground, (Note 2)
Input Current (Vi < ~0.3 Vpclh. (Note 3y -

"Ooerating Temperatyre Range

38Vpcorstp Voc
36 Vpe
-0.3Vpctosas Voe

570 mw
830 mw
Continuous

S0 mA

LM393/1.M393A 0°C10470"C 3
LM293/I.M293A ~25°C to +85°C
LM193/LM193A ° . ~55°C'to 4125"C
LM2903 + -40°Cto s85°C \
Storage Temperature Range ~65°C to +150°C
Lead Tempersture (Sotdering, 10 seconds) 00°C
. °_at
Electrical Characteristics (v*-s Vpg) (Note 4)
. LM193a LM293A, tM333A LMi93 LM293, LmM393
PARAMETEHR > CONDITIONS :
<. MIN TYP MAX MIN TYP MaXx MIN TYP MAX MIN TYP Max MIN
1nput Dffset Voltage Ta = 25°C, lﬂo!e 9N 0 220 L2190 120 o 50 10 25,0
Input Biss Current 1IN+ of 11N~ with Outout In Linesr 25 100 25 250 100 25 250
. o Range, Tp = 25°C. (Note 5)
Input Offset Current N+ ~N-, Ta = 257C 230 425 50 50 30 125 50 50
Input Common-Mode Voftage Range TA = 25°C. {Note 6} 0 vtaist ¢ vt-1sl] o vtais| o viais| o
Supoly Curremt RL » > on Al Comparators, Tp = 28°C 04 1 o1 Lt 04 1 na 1
AL = =an Al Amps, v* = 30 v 1 25 1 25 25 25
Voltage Gain AL2 15k, To - 257C, v = 15 v 50 200 50 200 50 200 50 200 be3
{To Support Large Vg Swing) a
Large Signal Response Time VIN * TTL Logic Swing, VREF * 1.4 Vvpe 300 300 300 . 3
VRL =5 Vpc. R =5.1%0, Ty » 25°C
Response Time VRL *5Vpc. R * 5.1 k47, Ta = 25°%, 1.3 13 13 13
{Note 7)
Outout Sink Current VIN-21VDC. ViNe =0. Vg € 1.5Vpe. | 60 .16 60 16 60 16 60 16 [
Ta*25°C .
Saturation Volage ViN-2 1 Vpe. Vine - 0, ISINK S 4 maA, 250 400 250 400 250 200 250 400
Ta = 25°C . . T
Qutput Leakage Curres VIN-"0. Vi D 1 Vpe. Vo -5 Voe. ot~ 0.1 0.t 0.1
‘., et Jtasos'c | ’
~ v e M

A 3

‘5



Electrical Characteristics {Continueq)

input lines,

Note 7:

Nots §: The input common-mode voitage or either input
Inputs can go 1o 30 Vpg wit

hout damage.

~

Tha response time soecified is for o414} iy Inpy

the power wpply tevel, Ay 15
ey

= 002 with V* from § Vpg to 30

LM193A LM2934, LM393A tm19) LM293, Lm393
PARAMETER CONDITIONS
MIN TYP  mMax MIN TYP MAX MIN TYP MAX MIN Typ MAax MIN
fnput Offyet Voltege {Note 9) 40 490 :J 9
Input Otfset Current TN = iy 110 4180 2100 1150
Inout Biss Cyrrent HiNs of Ipn_ with Output in Lineer Range 300 400 300 400
Inbut Common-Mode Voitage Range 0 viaol o vt20f o vt20| o vta2o| o
Ssturation Voltage ViN_D 1 VDC. Vins -0, ISINK S4maA, 700 700 700 T00
Output Leskage Currem VIN-*0, Vip. 21vpe, Vo =30 vpe, 10 to 10 10
Difterantial tnpyy Voltsge Keep ANV ps 20Vpclor v 1t Used), 36 36 35 36 28 Vo¢
(Note B)
Note 1: For ODersting at high te, 3 2903 must be derated basad on 5 125°C ma
device sotdared in » printed clreyis board, operating in ]

n the common.mode range, the comparstor
VDC below the magnitude of the negative power wWooly, il used), -

VDe: and over the 1yt input common-mode range (OVpeto V* -1 5 Vocl.

N i b e

p
ot
AN

"
- N
b

Xy
Bl N

°
A

;;‘)g,‘
an




* ~suerLy counnpny [ )

SuPPLY cummEny A}

/TA——

T, ot 3.
,’11"‘ f“
7"“'#:?;‘: £
74 . £ o

’ Ta e o0 H
> 1 n‘:— g

1 ;T

: "l >

! L1

" » ” e '

¥ - SUPPLY VOLTACE Voc)

Response Time for Various
Input Overdrives — Negative

V" - SUPPLY VDLTACE (Vex )

o | Voot 0Voe 3
R oA LT 2
! . s
i s
L v, -5 bt
- ] £
S z
T : £
R Tase2pc ] S N -t
. . -
Te om0t ° -
1] = NN
M '
) 2 ) ) [YTRY] wow oy

o - DUTPUT BIKA CURRINT (mAj

Response Time for Varsous

Input Overdrives - Positive

Transition Tramition
]
w b $2 oV > INPUT OVERDRIVE w 1 INFUTOVERDAIVE » 180 o7
L I BT I g 2
E5 43 |[xay =y [y )
33 .
£.° Lt ] S .‘-—- §§' iY) . It
E £ 2w
80 V!
e e oy E ”w .
- N N P ) 4 R
@ < Y | w ‘ .
EE 4 I T :-:s 100 -
e~ w 4 BE ol
I LRI =% HE
5% . Tao08¢c = 3 ‘
E = £ .
L} G w3 o - 1 s L T R ST
TIML L) THAE e
4 .
ypical Performance Characteristics LM2903
Supody Current Input Current Output Saturation Voltags
" " T - " . |
1 Taoa0c —— 3 T Ta -’-R't £ ‘ 4
. P e A g
nNyars:: H I = i
P £ Tanfe F4 Tacurg .
,/ Taeo25°C : “ T : THARE XS > '
= H e
u //r & Taee25C £ 4 ’
7 J locr: £ : ] Y, e
a L En Ta s RS P LT e I
[T} ~ K ]‘ $ / l
l Y l 001 J
] " 2 » '] " n ) L} [Vt [} " w
V.3UPPLY VOLTAGE (Vpe) V.SUPPLY VOLTAEE Vo) Lo DITPUT SINK CURRENT (mR) :
Response Time for Various Reiponse Time for Varsous -
Input Overdrives~Negative Input Overdrives—Posnive
Transhion Transition
- »
Y Y]
g 55 mY- irut ovERORIVE o WPUT OVERDRIVE » 1€ =¥ .
x ) A 1T s 80 T i
5 40 [nav —-v—‘K v - - S T 1T -
e - v BE A B .-
£ N REypt -ty < 5 [T o
E o PP . E 2 .| b
e ud -t l ’N-V !’ } l &
12 °© 17 - .t
o e : VINE A
e * « :‘,‘ o ‘ ~ .
Ss s s o Now o
SL I £s T
> ] . €= w01, 025 : E
Fa ] T o2 FUNN 11 bl .
: L LT 3 [T 7177
L B LI | T R TR
VAL o) TIVE Gane)

N




The LM 193 series are high gain, wide bandwidth devices
which, like most comparators, can essily oscillate it the
output lead s inedvertently altowed to capacitively
couple o the inputs via strey capacitance. This shows up
only during the output voltage transition intervals as the
comparator changes states. Power supply bypassing is
not required 10 solve this problem. Standard PC board
layout is helpful a5 it reduces stray input-output
coupling Reducing the input resistors 1o < 10 k}
reduces the feedback signal leveis and finally, adding
even » smali smount {1.0 10 10 mV) of positive feedbach
{hysteresis) causes such o rapid transition that oscilla-
tions due 1o stray feedback are not possible. Simply
socketing the IC and attaching resistors 1o the pins will
cause input-output oscillations during the small transi-
tion intervals unless hysteresis is used. If the input signal
is 2 pulse waveform, with relatively fast rise and fall
times, hysteresis is not required.

’

All pins of any unused comparators should be grounded.

The bias network of the LMI93 series establishes 2 drain

current which is independent of the magnitude of the

Power supply voltage over the range of from 2.0 V. to
Vpe.

1t is usually unriecessary to use a bypass capacitor across
the power supply fine.

- Typical Applications (Continued) (V* = 15 v )

o »n
- e

. N 53

Squwewasvs Oscilistor

Puise Generator

The differential input voliage may be larger than V¥
without demaging the device (see Note 8). Protection
should be provided 1o prevent 1he input voltages from
9oing negative more than —0.3 V. (a1 25°C). An input
clemp diode can be used 1 shown in the applications
section,

The output of the LM183 szries is the uncommitted col-
lector of a grounded-emitter KPN output transistor. Wany
collectors can be tied together to provide an ouwput
OR’ing function. An ouout pull-up resistor can be
connecled 10 any available power supply voltage within
the permitted supply voitage range and there is no
restriction on this voliage due 1o the magnitude of the
voltage which is applied 1o the V+ termina! of the
LM193 package. The outpIt can also be used as a
simple SPST switch 1o g ound (when a pull-up resistor
is not used). The amount of current which the output
device can sink is limited by the drive available {which is
independent of V*} and the £ of this device. When the
maximum current dimit s reached (approximately
16 mA), the output transistor will come out of satura-
tion and the output voltao: will rise very rapidly. The
oulput saturation woltage is limited by the approxi-
mately 602 1547 of the output transistor. The low
offset voltage of the ourut transistor (1.0 mV) allows
the output to clamp esseatially 1o ground leve! for
small load currents.
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93,

LM193A/LM293A/LM393A,

LM193/LM293/LM3

k]

AL

Basic Comparator Non-Inverting Comparator

AND Gate

Limi Comparator
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trverting Comparstor with Hysteresis Output Strobing

with Hysteresis
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OR Gate
Large Fan-in AND Gate

Comparing Input Voltages ORing the Outputs
of Opposite Polarity
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One-Shot Multivibtator with tnput Lock Out

B8i-Stable Multivibrator
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Split-Supply Applications (v* = 415 Vpc and V™ = =15 Vic)
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National
Semiconductor

Operational AmplifiersiBuffers

N

LM741/LM741A/LM741C/LM741E Operational Amplifier

General Description

The LM741 series are general purpose operational
amplifiers which festure improved performance
over industry standards like the LM709. They are
direct, plug-in replacements for the 709C, LM201,
MC1439 and 748.in most applications.

The amplifiers offer many features which make
their application neatly foolproof: overload pro-

tection on the input and output, ne latch-up when
the common mode range is exceeded, s well as
freedom from oscillations. _

The LM741C/LM741E ore identical to the
LM741/LM741A except that the LM74iC/
LM741E have xheu performance guaranteed over
a 0°C 10 +70°C temperature range, instead of
-55°C 10 +125°C.

WINTIY LN

Schematic and Connection Diagrams (rop views)
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Order Number LM?4 1M, M€ 1AM,
LM?41CH or LM741ER
See NS Package HOBC

Duskin.Line Package
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Order Number LM7&21CN or LM741EN

D'ull-ln-l.inc Package
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Order Nurnber LM?41CN-14
See NS Package NIGA

See NS Package NOSB .
Order Number LM741CJ Order Number LM741J-14, IM741AJ-14
See NS Packape JOSA or LM741C3- %4 |
' See NS Packsge J10A
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g w
SR ~ Absolute Maximum Ratings .
VN . LM7414 LM7241E
E Supp}y Voltage 122v 122v .
. = | Power Dissipation (Note 1) 500 mw 6500 mw
3| Ditterentiat Input Voltage . 130V 130v
. Input Voltage (Note 2) . 215V -, 216V’
o E Output Shont Circuit Duration Indefinite Indefinite: e
Vo Operating Temperature Range ~55°Ct0 +125°C 0°C 1o +70°C -55°Cto +125°C
= Storage Temperature Range "=65°C 10 +150°C ~65°C10 +150°C —65°C 10 +150°¢C
| Load Temperarure 300°c 300°C 300°c
a {Soldering, 10 seconds) .
LI o~
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- Electrical Che racteristics (vow 3 .
d d
LM?"IA/LM"!E Lm241
PARAMET,
y £n il Mk Tve Mmax {miN v Max | sy
- ] tnpv Otteer Voliage ¢ Ta= 25°C 3
e Rs<10k . : 10 sp
\ Rg < sbn 08 3p0
' TAMINS TA < Tasax '
. . Rg <500 . 4D
Rs <10k 80
' N ‘ Average Input Otfser ' 15
Voliage Drity
RRCTN Ofthet Voltage Ta=25°C.vges20v . > 0~ 215 .
Y. Adjusiment Range .
Input Ottset Current TA=25°C 30 3 20 2%
Vot TAMIN S TA € Tamax b RV T
Average Inpur 6"»! Y 05
Current Drity
input Buas Current Ta=25°C ko] 80 80 500
TAMINS TA € Tapax 0210 15
Input Resistance Ta=25°C, vg = 220v 10 60 03 20 03
TaMINS Ta S Tamax, 05
Vse=220v .
nput Voltage Range Ta=25°C 212
R TAMINS TA € Tamax M2 213
Large Signal Voliage Gain { T4 s 35%c, R >2k0
- V§=220V,vg e 216y 50
o Vs= 215V, vp e 210v . 50 200 20
. TAMINSTAS TaMax,
' RL22kn,
B V§=220V, Vg« 218y 32 .
. Vs 215V, Vg« t1oy 25 15
. : Vs =25V, vg a2y 10
. | “Outout Voltage Swing Vs« 120v ~ -
AL> 10k [313 ’
; R >2k 18 .
’ Vsezsy - s K
AL 210k 212 214 212 W " 1’; 3273
RL22kn 10 213 0 Ny Aleeds
" . L% e( e
Output Short Cirguit Ta=28c . 10 25 35 . 2 .
Current TAMINS Ta < TaMAax 10 40 - .
Common-Mode TAMINS Ta < Tamax
Rejection Ratio " | Rs<onn, Vems=212v ¢ 0 0 % %0
\ RS S50k, Ve » 212y 83 95
* . e v ' ' 3& \- ‘?t
L. . .m:“ . -
| T % 1
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glectrical Characteristics (continueq) ,
- LM741A/LMI4TE tm749 M741C
NDITH UNITS
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX
-
swpply Voliape Rejection | TAMIN S TA S TaMAx.
tio Vg~ 220V 1o Vg = 25V . . ,
Rg < 500 85 3 ' N 1 . @B
1 Rg < 10kQ2 - 7% 7 96 . dB
v Tt Resporse TA*® 25°C, Unity Gain
& RseTme 025 08 03 03 n
; ! Overshoot 6.0 20 $ . 5 - %
. " pendwidth (Note 4] T 25°C 0437 16 . MMz
E Ta = 25°C, Unity Gain 03 o7 0s Tos 7T Vi
Supply Current Ta»25°C 17 28 17 28 mA
! powes Consumption Tar 25°C
i Vg 220V B0 150 - mw
Vg = 215V £0 85 50 B85 mw
i LM741A Vs =220V . B
4 Ta=Tamin 165 L mw
" Ta= TaMAX P 135 -mw
4 1 LMMIE Vg = 220V 150 mw
. Ta« Tammnv 150 . A ! ew
} Ta® Tamax 150 mw
M7 Vg 118V } -
l Ta=TamiN 60 100 mw
Ta=TaAMmAX 45 7% mw .

Nots 1: The maximum junction temperature of the LM741/LM741A
vevated temperstures, devices In the TO-5 package must be derated based
junction 10 case. The thermal resistance of the dusl-in-line package is 100°

on » thermal
C/W junction to embient, *

Note 2: For supply volteges Joss than 215V, the sbsolute maximum input volisge Is squal 10 the supply voltage.’

. Note 3: Unless otherwise specified, these specifications #pply for Vg = 215V, —65°C € Tp < +125°C [LM741/LM741A), For the LM?41C/
LMI4TE, these specifications are limited 10 0°C < T < +70°C. .

Nots 4: Cslculated value from: BW IMMz) = 0.35/Rhe Time(us).

¢

‘ E

is 150°C, while that of the LM741C/LM741E is 00°C. For operstion st
resistance ©f 150°C/W junction 10 smblent, or 45°C/W
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General Description

The LM555 is » highly stable device for generating
accurate time delays or oscillstion, Additional terminals
sre provided for triggering or resetting if desired. In the
time delay mode of operation, the time is precisely con-
trolled by one externa! resistor and capacitor. For astable
operation as an oscillator, the free running frequency and
duty cycle are sccurately controlled with two external
and one capacitor. The circuit mey be tripgered |
and rese} on falling wavetorms, end the outpun circuit
can source or sink up to ‘200 MA or drive TTL circuits.

FeaturesQf ;
"a Direct replocement for SESSE/NESSS ="

- Tumlng from microseconds through hours -~
L] Operatex in both estable and monosuble modes

= Ad;unable duty cycle

Output can source or sink 200 mA™ 5’
Output and wpply TTL compatible

Tempemura stability bexm than 0.005% per °
Normally on md nonnaﬂx off output

Applacatlons

e

% Precision timing

& Puise generstion
s Sequenml ummg

- Pulse wndth rnodulatlon

o Pulse position modulation -
L Lmear rsmp geneutor

i~

1
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Connection Diagrams -
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Powar Dimpmon {Note 1). X
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Electncal Cha ractenshcs (TA - 25 C. Ve = +5V 10 $15V, unless otherwise specified)

‘

i E o . . LIMITS E
i < AL
PARAMETER CONDITIONS - NI LMs5S5 tMssse - -, - ddime
T ) o MIN Tve MAX MIN . ¥
Supply Voluage . . .
S Supply Current ‘&’u *SV, R e "
e I . .. Vec= 15V, R == -
e ST Low State} {Note 2) - .
iming Error, Monosable 4 .:-:.f; M .
Initlal Accuracy © T . =
Dritt with Tmpeuwn - "Ra. Ry =I5 0300k,
e et =~ 3 C=0.14F, (Notr 3):
Aneuucy over Tcmpemuu
) S Dnh with Supplv .“,‘. .
Tvmlnp Evrov, Auable
- Initis! Accurscy.” . e

Tt'mho!d Valup

lef \/ollm

> Thesshold Cu‘n;n! -

“Eontrol Voltage Level

“{ "Pin7 Leskage Output High
. ]
. _Em 7 Sat {Note b}

Outoul Low - Voo = V., =15ma {0 150,
O Sl Ou(pm Low _- .- e} Yoot 45V, ), 225mA L 170,
- Ompul \'olupe Dvnp (Low) c Vee = 18V = — .
[ L R fsimx = 10mA ” T - ’—_“ 01
. 0 L ! line » 50 mA d i D&
3 - . Igva = 100 mA F

. - B Yo = 200 mA 25

Vec = BV o ..
Igink = BmA M 1 o1 |
T * 5 mA CEEEEE B
Isounce = 200mA, Veg » 15V 125
Lsounce » 100 mA, Vee = 15v 13 133
Vec = BV L3 33 .

'-N x : Fo! op-m ng ot clomed lompentumi tm devn:e muu be drmed bned ona 31 mxlmum
sesistance Ot 445"CHY junclioh 16 tase 100 TO-5 and » 150° C/W junction so embient 9or bmh mckspa

Hote 2: Supplv current whcn output high lyp.u"y ImAlessat Voo = BY,
Toulkexleda. Vccas‘.’ono &ccm's» et ran ety » Jee’
Fow 4 This wil 'dﬂemﬂnt memnnmum valug ol R;, + H: for ﬂ.v aoeranon ‘mrm
pm. 5 . inn masimes




Typical Perf
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Wnlmurn Pulse Width 3 7 3%

nlégswj'

R =====it
25 Vor *3V
el
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T

E T Recquired for T =
i4 7 Poauired Thgming AR 25
: K T 3 s . A
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- We < 1V .
. 22400 : o [ate
[ [COUEEN C R S A TR [
LOWES VOLTAGE LEVEL OF TAIGCERPULST (X Vec) . Lo
g .o ST, A ) T N .' :
3 * Low Output Voilsge v =, Low Output Voitsge vs “ s 2. ﬁwoupu\ Votltage v3 ..
; Output Sink Current ~._" Output Sink Current’, ™ SRR t Sink Current - N
Y
1
5
2
-]
>

Your VI

mtwl.ﬁo'p-g:find' DOI.ay vl ’ O\npu;”mpbp;lian Deley s

Vottage Levet of Trigosr Pubs . . .\_,: « ... Vottage Lowel of Trigger Pulss
PRI AR A T 5 NK e e
200 . Ly i s 3200 T T =
gaize. i T J . Ve IV Vez » 18V
- W% : + e TTTVS wod = e
¥ . 4 /’ R < i e
» / R4 -~ it 11
= 2 A A W it
s LR / s, ] £ =1 250t =g
™ § = e \ - 5 S w11 S
g Z/I K E 2, : < AR RS NS AN
: - ] 5 i jL 3 E S 3 59/ 3 i v
< - Ft-1-r - s LAPS . N = T
H 4 A v~ v ] & 95 et i W T
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- e . - € 4 T e (i
, ! 17311 ol Ml i IR L
. t %) 2 [} ° [ * I [ IR ¥ 1.0
, \DWTST VOLTAGL LEVEL OF TRIGGEK FULSE O V) | LOWEST VDLTAGE LEVEL DT TRICCTR PULSE 1X ¥eed Ll VT fau ImAYPNT
. - - e . . ..
v . . -t f el s -
RS N e

E R ke Earas N
Dinchargs Tramistor {Pin'7),
Volags ws Sink gu_n-m 3
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Apphcatnons 3n

T2 o

onosrmmy gr;ggnon ot
s T e
Ky _:;15 t of .opemion,_
; one-shor (Fuum 7) The :xtcmal Py,

_held Jischarged by a tianslstor inside the hmer.

_phcat-on o{ 3 negstive mggerpu
1o pin 2, the flip-fiop Is set which both reieases the shon '\'“ “_

circuit acrost the capacitor and dmex the output high.

T . -g .‘E . AvTe oy ) O, _,'
3 .t L MEHT - L
S O
| - & <A .
. 3 - T -TMEDIAY T
o womaliY o ’ paranet e - ) 3
, -on 1080 S & ' S - FIGURE 3. Time Dol.y
' NLIULL) SE multivibrator. The external
H - Ra + Rg and discharges throug Rg. Thus the’ du:,«
“"‘" o juotiact _ cycle mey be erecisely set by the rmo ot mm?pm
L - resistors, 7

TNTS SR
ok~ um%'\

T

'T

The voh-ge luoss :he canacnar thcn
tintly for 2 penod of t= 1.1 rtAC
- time the voltage equils 2/3 Vee-
resets the fiip-fiop A whlch in turn secharges the capacitof
and ‘drives the output %0 lts 6w state. F/pure 2 shows
th@ waveforms penerned m thas mode of operation,
Smce the cheige and the’ 1hres'nold fevel of the tom-,
_.parator are both dlrectly prcpomonal 10  supply voftage
the timing m:emnl u ondcpendem of supp!y

k|
1
]
mcruses exponen 4
81 the end of which™ - tiree %.‘
1
J’
4

The comparator then _":_“1

< -

rmuhu mu-
- 1 A .!'L
in t}us mode of operation, the capncnor d'wrgé
o “discharges between 1/3 Vgc #nd 2/3
-z~ -griggered mode, the charge snd dxsd'mrpe umes, and)h

. 3 - -
. s P fore the frequency ere mdependcm of the wpp‘lyvo“':g—-;é

- 4. / A Lol Figure 5 shows 1he waveforms generated in :
-- — ey g operstion. - A
Vg v WY - Yz Toare” baget Bh/Ba - £l .
s R igetry, | S Teer Swrpw buila. . - B}
. " e =9 W ,-mt-—:.-—v- it -
N /(ul-l T emilnd s g% ~;
ﬂcunsz Monomucwmvum etz 1]
' - Durmg the nmnng cyc!e whcn the output is high, the - A A P
_ further upplication of -a trigger puise will not effect the : N1~ L
tircuit. However the cqcuh can be reset during th-s time™ ot -7 ) G v
by the application of » negstive pulse 1o the reset s
—erminal {pin 4). The output will then vemmn in the low Rt
B ) Ve o WY Yoy T Brepe WYiPw

L YWt - PRIV, ,au-‘—- lq--vvm-p Wi

LR T
2> 3000
crent

_mate unui 2 lngger pulf-e is agsin upphed o

-When the rnsct 1unmon is not in use, it is recommended

~thal it be connected 10 Ve 0 ®voi
~4am'mpqanng

{ Flpun ' 5 nomogrnph lor aa:y
yalues’!ov ywous tlme dclzys.

uharpe (ime 4o.nput high) is glven by
1y =0693 {Bp + HB)C

- _And the mschurpe hrr!e {output low) by
e 0,683 IRQ] C |

Thime y_ha toul _penod YR
: -,4-0593 (R +2R§lt

- RSTABLE OPERATlonnwum-,. T I

it
e

4( The Sircuit ¥ ednnected 2 m:wn m:Fqum? Ipins
: md 5 conmscxed) jt wvll !npger mell and 'free Wpts s

IR "-""*2*-*:- o
Fodma ‘-:5.




Apphcat:ons( lnformathn_

U

f g S e L
"’-T' .‘R = 2“3)&1—\'&.
> "n'...?::" B

A ‘."

F:am € may be ﬁua.fof “quick Beterm
RC valves. . = . =7

e i T D Rg
The duty gycle is: =
e - Rat2Ry . ¢
- - e .
T \\ oot
" B\ - .
g N . :
H \ ', % p ! . T
- ‘f-' “ %, % N\ 4“’/ ’4._’ N i
£ \\\\ \ P g
< hoh _ N - .
L] macang \4 \
o !
B SOoal.t 1 1m0 B

AR N utun'mn: nwv:unnul

trequency divider by adjunmg the leng1h of the tlmmg
cvcle. Figure, 7 shows_the_ waveform: oenemed in

W AT L et

il e

AT
- 3
) v“-u' .'.'-:b-»lwp. N
T e Ty, B Tes Buape13¥/On S : - e
[ I ITTIEN Batian Jams Loparnor 2V .
R Pl
vt RIGURE Y. ﬁnm Diviser "y v
PULSE wm‘m MODULATOR - S

When the timer is connecied in the monostable mode
and triggered with @ continuous pulse train, the output
pulse width can be modulated by a signal applied to pin
5. Figure 8 shows the circuit, end in Fl_pum 8 are some =i
waveform exsmples. :

, fencearar 3

TOALSHDLD

Veco bV

Toe Jmm. Modoivrs 1V/De

T v 82 oumiy  Boriem Vemwe MW’.-

LR RN . -
o eesaLy ¢
FIGURE D, Pube Width Modulator ® * o

p— . .
PULSE POSITION .‘»1ODJU‘TOFL- 3 = S

Thns cpphcmon uses the mner connected for sstable
operstion, as in’ Flgure 10, with 2 modulaung signal
‘sgain applied 1o the control voliage termmal The' puhe
position varies_with the modummg signal, since e i
- threshoid woluge -end hence the time delny Js varied.” S
Figure 11 .hows the wave‘lorms generated for a tnanglz <

4%

3
T
{
i
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il
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Yoy Vover: Sudetonan tnger 19}
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7%
; Tyl
UL Ry

.. : oy
Thus the frequency of oscillation is § & ———

. .- FIGURE 12. ‘

Figure 13 shows waveforms penerated

by the linear ramp,

N c s -t .. svtrur
The time interval is givenby: _rn . L% - N
oL .23 Vee Re (R4 Ry C S ‘ .
- Ry Voo “Vee (Ry+Ry). .., Y[/747 < N\ sxe o el
T Mg MOV L ST T riGORE s, 5O Duty Cels Oecilstor S Tt
:o P AL L= E 3 ) S TITEEER
. ) 1' T ) - Note thet this circuit will not oscillate if Ry 1_9:';3@
LT { - Then 1/2 Ry because the junction of R,y and Ry £ais
] . [ 1] DTy d 0/} bring pin 2 down to 1/3:Vee  ond tripgerjhe.__;..__..ﬁ
: - ! { ; } { e ‘comparator, ) = \\ ....: i
g PTaUA AW Pl s B
N R RN E S SR ADDITIONAL INFORMATION " =
- ] )]/V 2 (R XX . Adequste power supply bypasiigy is pecéssar;"tc‘piégé
TEHMICAT R 101 Y -
ZANELNEZenE

associated circuitry. Minimum recommended Js 0. JiEcs

/ ., parsliel with JuF electrolytic, = = . . o
Ver o ov Mot b-mn..'-—-%f K 2N ":t : N o= 8- - R
o ::';:t-dm.- o ""'"(,';‘-.m‘_. , Qe Sy - Lower comparator storage time can be a5 lo
T T T e e . (O e A . 7 - when pin 2 is driven fully 10 ground for trig
) :-.;:‘:’"f \ L o limits the monostabte pulse width 10 10us
T FIGURE 13. Li 3 e ; Bt =+
13. Linesr Romp = \| . Delay tifme reset to output is 0.475 typical. Minimons
9 1 H . feal, 7 el oaiatvosiy
50% DUTY CYCLE OSCILLATOR . 3 reset pulse width must be 0.3us, typica RS w‘ﬁag
For » 50% duty cycle, the resistors R, and Rg may be " Siitpot

Pin 7 curtent switches within 30 ns of lh:q@pv!fv_-_r‘&i
fpin 3) voltage. d .. :

connected as in Figure 74. The time period for the out- e
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5400,/T7400 Quadruple 2-Input Positive-NAND Gate

Schottky TTL High- Speed TTL Low-Power Schettky TTL Standard TTL Low-Power TTL
Package Package Package . Package I Package
Device Type Device Type Device Type Device Type Device Type
YPe I TP MIcH] YPe [T TP M[CF| . yee IeTRIM[cF YPe reTr wv]er YPE T TP MICH
. SAM500 I¢IN w 1| SNSHDS )y w 1] SNSL 500 114 w ] SN0 G CRETIR) 5 (N 11T Q1
7.1 EN1ES00 ) SNIm0D ) i T SNI4L 500 Nz 2K S17400 3 ) SNIALOD AN
CHILD FMS1S00 F WSO DY Fwsen00 F MIH0CID | F & [msisio twnst 2] T3 { PN 5400 F MsND0 D) FQ
FAIR FCIa500F €500 [OUY*Y ¥ C14-00 °F C9-100 D LIF D) 16,300 7 10N 5 IR T3 | T Coevo FCra0d LR
V(3100 L (. i 2 MChe00 L0 2
MOTOROLA MC 3000 LGP0y f @] seraLs00 F MC 400 L 74P r2
NS.C DMBa-00 ) {1 ) DML SO0 DA5400 Oy (w2 DMbeLDO LaNaL POy
St [T e DA MDD 2 (e 3 OM24L 500 DV 0D NGNS DML DD ) QN0 f Qx
PH]UPS NS0 ] GJIH131.74H00 Q waL SO0 . F JH 134 7400 G
K54500 FaYa@]  Iwal Ssev00 F L 2] S5400 F Q- w2
S'GNET'CS NS00 F (e O NYRD0 F (1na N4, 500 a T, NI400 O
SIEMENS FoRTor - @
FUJ'TSU MBbN! [ 14t S00 g [T [
HITACH! WoTISE Tra DI S00 ot W00 'HD2503 | P Q)
WITSUBISH! |rone P M7aL 500 ” pd) W53700 Pd
NeC »PB2S00 03y T soo ] »PB201 D74 4C(V)
TOSHlBA T30 & PQ
Eilectrical Charscteristics SNSALSO0/SN74L 500 .
absolute mesimum ratinks over sperabing fres ol temperature ronge *
Fyrege—rs n ryeueeer I YTV Wi _w it Schematics (each gate)
trout w01t v opeotr 000 {(snoaLs £C 1w W
i pmal i WVIAYY 38y Swap wermaivr e -8t e 1IN
rerommended ppersting condilions
SNSALS00 SN741500 V
[l Ltnd AR Wi O »ar vl a v‘.c
$arery seitoge VOC o [ sy jan i X3 v R, % Rs
e SR A 0w - - »h =
Lomrmarr wapw wren oL [ [ - INPUTS i
Craratog Pocar omoriaive 15 -8 m ° P " T
N R E INPUTS
electrical characteristics ovet tecommended operating TPUT 4
{ree-air temperature range A o A-‘_J QUTPUT
PARAMETER TEST CONDITIONS 1 MIN TYP I MAX | UNIT B B~ Y
Vin Hephleve! nput weliape H v
VL Low-kevel mOul voltape o8 v ,: :r
Vy Inpt g2 vollage vogeMIn, = —ismA =15 Vv 5t ;
Voo =MIN, Vi e VL me
Von  Hirievel outpel voltage I::_ o e 2.1 3¢ v 6ND
Voo = MIN, Viu=2V.
VoL Lomeet st vehge o8 ‘"f s 0.2 oal v
he) S CIRCUN] R, | R | Ry | Ra
oyt corrent Bl ‘00 ITEEYISEIIRRL .
\ . - V=V 'y
e e om mont vollaoe veemMAX. W . off 100 | 40k | 7om | 306 | 17% . A 6KD
LT TAL S A Tl i vge TN VSR I 0] inpoi clamp diodes not on - .
by Low=ievel pot Current VegmMAX, Vi =04V ek | M SriSal L oNT AL i enidy SO0 CIRCUIT
fsaS famay | -20 L] S *00, ‘L00 TIRCUITS
] . vep=Ma -
05 Shot-creul ouiDut current @ cc x [irs fomiv | =18 — %0 ma J
& ki 1, g o
ICCH _ Suopy curisnt Vo= MEX Dis!, vApuls hiph & 8| ma
fegy  Sworly cwrrent T o1al puiputs dow 12 22| m&
* N [Averape pe: pale .
o Ve =SV
icc Supd'y owrent (14 'S (505¢ ety cycte) X ma
Pronaprion Beldy hime,
v, =Ry =25
PLH Sow-to-hg-tevel ouinut cemsv. Ta=25c, i " " V((
Propapilion Delay nime, 200
- 15pF R o=
PHL  pgveioriow-level puiput N Cum el L= ae ° il e
Pin Assignments (Top View)
@ ® IRIVIS
A=
vee 4p &k oY ')% 33 4y sB & gup JF 34 XY
el Dol fral foe] goed o9 l[ | 3
—J ouThT
— Y
2
. XL
rl:D —FDq 15k Y
BatlaDaDaDalgt
T4 B WY 3s 2B IT GhU
"HOO CiRCUIT e &k
positive fogic: LS00 CIRCUVIT
v=3t Fessior valuts 3howr are nominal and 0 ohms

1F 1 eond 10 shuwh
$Ai typcat vhloer e 81 Vg =SV, Te= hX <N
@NCT e Ther 008 OUIpUL BHOUID De N7 1xd LT & Dme. 8N 1or

SNSEH SNTIN ang SNSIS/ENTS

L WIN o WLY, use 1N B3N Orale valur Specitnd unoet TECOMMENOLD O 2ing EONTNIONY

* guralion of shori-catut shu0 NOL ercerd | LNl
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5404 /7404

Hex Inverter

R 3

Schottky TTL High- Speed TTL Low-Power Schotthy TTL Standard TTL Low-Power TTL
| Package R Package . 1 Pachage . Packege Package
d T r +—{ Device T - Device Type
Device T’”;c BTMICF| O Ve Ty"'jc!P M CF| Device TPt M| DTVt 1Y T TR MEF e CTEMCF
£oe58508 Y v | Drisene ] +h o f SMOEL S8 1. * 2] Shebene ) ¢ wigsateloe 1o 2!
1.1 LNUS0 I £ 2am08 RS { ENIGL SO S shIele 3 b | L ieL0t T
Frse502 Fes0eDs| | F NLEm0E F WEeD8 {0 0 | JE e D T O [ R A [V & ||
FAIRCHILD |+ csrrossrein 1orr + 1rCoime Foemne I I R R I 5 i S I R 11
MedioE T P ] Jreceue I Ll
MOTOROLA 1203008 o IF T | StereL S0 G T DI [ CER T 1 ¢«
T ] U1 sam0l 12 ' i + | omer s | g R PR [ V2
NS.C 14500 | Dnrete T s 1 Tomraso: i U 3esd Jrive) o Juvieoe et jF2
| ! I J
PHILIPS 508 1e1am0¢ o 1574 £02 F-ze! 0¢ vy T
£54502 L] Wl SLen0e Fafe, w2 T Shebt F o jar)  (wi 1t
S‘GNETICS L0 R W nrenge [T t1ey S0t [ N7 c e ] 1
A : ! [ ! Pt [N
SIEMENS . R % { ' I FLm2tt [ T 1, ]
4 { ] ; i 1 [
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.
714081B, SCLA0S2B S
(1140738

CMOS AND GATES

—

{40818 - Quad 2-Input AND -
§L4082B - Dual 4-Input AND
{CL4073B - Triple 3-Input AND

FEATURES

| Buffered Outputs

4 Diode Protection on sl Inputs

¢ Fully “B"'Series Compatible

¢ Balanced gutpul Drive Current Specifications

TRUTH TABLE

Inputs Output
L

$1-++1 1

All other combinations 0

FUNCTION DIAGRAMS

SCLA4081B
B 3
2B &
3A °:D—m 3y
3B
‘A"_—_—Ij—nav
48 °

Y = AB

$C1.40828
1A 2
8 3 1oy
1Ic
10 8
2A 9
2B 10 13 2y
2 1
2D 2 Y = ABCD

SCL40738
S
=D
.1C 8
24 3
2c s
3A 1
ac 1

Y = ABC

Vpp = Pin 14
Vgg = Pin 7
tor all Devices

495

CONNECTION DIAGRAMS
(all packages)
Vpp 4B 4A 4Y 3y 3B 3A
i) ] 1 1 | ! |
14 13 12 11 10 9 8
SCL4081B
1 2 3 4 5 6 7
1 ] 1 I | | B
1A 18 1Y 2Y 2A 2B Vgg
Vpop 2Y 2D 2C 2B 2A NC
i ) I N | | 1 )|
14 13 12 11 10 5 B
SCL.4082B
1 2 3 4 5 6 7
1 =T I I 1
Y 1A 1B 1C 1D NC Vgg
Vpp3C 3B 3A 3Y 1Y IC
1 i } i ! J
14 13 12 11 10 9 8
SCL4073B
1 2 3 4 5 6 7
1 1 | L 1 1 1
_1A 1B 2A 2B 2C 2Y Vgg
Add sutfix for package:
C  14-pin Cerdip
D  14-pin Ceramic
E 14-pin Epoxy
F  t4-pin Flat
H Chip

RECOMMENDED OPERATING CONDITIQNS

For maximum reliability
DC Supply Voliege

Operating Temperature
C, D, F, H Device
E Device

VpD - Vss
TA

3to15 Vdc

55t0+125 ©C
40 t0 +85 ©C



ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '-*

SCL40818B, SCL40828, SCLAU).

. T 2 © k] -
PARAMETER Voo | conpitions | Tiow 7 LTS I PP
(Vde) Min. | Max. | Min. [ Typ. [ Max. | Min. | Max. -
QUIESCENT DEVICE oo
CURRENT 5 |Vin=VssorVool ~ | 005| - lo000s| 0.05] _ 15 [pAde
- 10 JAllvalidinpst | — | 010] — 0,001 010 - | 30
. 15 {combinations - 020] - looo2] o020 - 6.0

NOTES: ; Remaining Sratic Electricat Characteristics are listed under “SCLAD00B Series Family Specifications”

Tiow =-55°Cfor C, D, F, M device.
= ~40°C for E device.

Trion = +125°Cor C, D, F, H device.
=+ B5°C for E device.

3 These devices have been designed for balanced outlput drive cutrent specifications. Consult Family Speciﬁculio;u. “

+ DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)
PARAMETER (‘\’,gg, Min. Typ. Max, Units
PROPAGATION DELAY TIME torn Toret 5 . 150 300 ns
10 - 65 130 .
15 - 50 100
OUTPUT TRANSITION TIME rim trn 5 < 100 200 ns
. 10 R 50 100
\ 15 - 40 80 .
.
Via, DRAIN VDLIAGE (Vek) 50 —— -
“20 -18 -16 14 -12 -1'0 -la -:s i - 4 . Ve = 15 ¥oe
Ve == voc 5 r f ;g
— y A = 4
1 1 A 10 o E 30 /
Voo =10 Vac -13 ; &
cs / d
-20 E 2 Ve = 10 vée
4 25 & S 2 e
- E
-30 § 1
s % 3 £ » -
Vo =15 vor _| A “0 'E Fs 'ﬂj"l"“ T,=25C
1 1
]' 1 r.'-zsl':‘{-ﬁ._ O 2 46 8 w0 17 4w
-50 Veu. DRAIX YOLTAE (Vec)

Typica! P-Channe!
Source Current Characteristics

LOGIC DIAGRAMS

Typical N-Channe!
Sink Current Characteristics

SCHEMATIC DIAGRAM - SCL40B2B (1 of 2 gates)

SCL4081B

SCL4082B

SCL4073B

= D

b

vt

- h D4 - D4
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MOTOROLA

m SEMICONDUCTOR
TECHNICAL DATA

6-Pin DIP Optoisolators
Logic Output

-.. gallium arsenide IRED optically coupled to a high-speed integrated detector with
Schmitt trigger output. Designed for applications requiring electrical isolation, fast
response time, noise immunity and digital logic compatibility such as interfacing com-
puter terminals to peripheral equipment, digital contro! of power supplies, motors and

other servo machine applications.

¢ High isolation Voliage — ViSO = 7500 Vac pk Min
® Guaranteed Switching Times — ton. toff < & us

® Built-ln ON/OFF Threshold Hysteresis

® Economical, Standard Dusl-in-Line Plastic Package
® UL Recognized, File No. E54915

H11L1 1
H11L2

6-PIN DIP
OPTOISOLATORS
LOGIC OUTPUT

CASE 730A-02
PLASTIC
MAXIMUM RATINGS {TA = 25'C unless otherwise noted)
l Rating Symbol Valus j Unh ,
NPUT LED '
Reverse Voltage VR 6 Volts
Forward Current — Continuous IF 60 mA
— Peak 1.2 Amp
Puise Width = 300 #S, 2% Duty Cycle
LED Power Dissipation (u Ta = 25°C Pp 120 mw
Derate sbove 25°C 1.41 mwrC
OUTPUT DETECTOR
1 Output Voltage Renge Vo 0-16 Volts
{_ Supply Voltage Range Vee 3-16 Voits
Output Current o 50 mA
Derector Power Dissipation @ Tp = 25°C Pp 150 mw
Derate above 25°C 1.76 mwrC
TOTAL DEVICE
Total Device Dissipation @ Ta = 25°C Pp 250 ‘mW
Derate above 25°C 2.94 mwWrC
Maximum Operating Temperature Ta ~40 10 +85 °c
Storage Temperature Range Tﬂg -55t0 +150 *C
Soldering Tempersture (10 s) 260 ‘c
Isolation Surge Voltage {Pk ac Votage, 60 Hz, 1 Second Duration) {1) Viso 7500 Volts

{1Hisolation surge vohage is an internsl gevice dielectrc breskdown ating

6-55
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H11L1, H11L2

ELECTRICAL CHARACTERISTICS Ta = 010 20°C)

[ Characteristic [ symbot | win | o | wax | unn ]
INPUT LED .
Reverse Leaksge Current (VR = 3V,R_ = 1 MY g - 0.05 10 nA
Forward Voliage {f = 10 mA} \73 —_ 1.2 1.5 Voits
{If = 0.3 mA) 0.75 0.95 —_
Capacitence (VR = OV, 1 = 1 MHy) c - B | - oF |
OUTPUT DETECTOR
Operating Voitage Vee 3 - l 15 Vohs
Supply Current {if = 0, Vee =5V) IcCioth) - 1 ’ 5 mA
Output Current, High llf = 0, Vee = Vg = 15 V) 1oH - - ] 100 2A
COUPLED
Supply Current {If = IFion). VeC = 5 V) IcClon) - 1.6 ) mA
Output Voltage, Low (R = 270 N, Vee = 5V = IF(on)) VoL —_ 02 0.4 Volts
Threshold Current, ON H1 IFion) - 1 1.6 mA
(R = 2200, vee = 5v) H11L2 - —_ 10
Threshold Current, OFF H1L3 IF (ot} 0.3 0.75 -_ mA
R = 2700, v = 5v) K11L2 0.3 - -
Hysteresis Ratio (R; = 270 0, vVee = 5 V) JEott) 05 0.75 0.9
IF(on)
isolation Voltage (1) 60 Hz, AC Poak, 1 second, Ta = 25°C Viso 7500 - — Vac(pk)
Tum-On Time ; - 1.2 4 s
R = 2700 fap .
Fall Time Veg =5V, 1y — 0.1 —
Turn-Of Time IF = IFjon) toH - 1.2 4
Ta = 25°C
Rise Time U a1 =
(1) For this test MED Pins 1 and 2 o8 common and Output Gate Pins 4, §, 6 are common
5 Vi
o
3 OUTLINE DIMENSIONS
§ -3
i -—
S (ot | I‘( —
a3
0. s
b=y =00 . M
2=510N f i
! ) e |- s nup-
| = vl T
—— D
oo B sams )
1 ? DIMENSONNG M40 TOLERANCING PER ANFS/ T
T— | ) Yot e WM TRET.ES
. 1 CONTROLLIG D aeson mecw TRETED
. ! iy — :nmmlumuumnnm T ; o]
AL & Tow oo
; e :_- : & 1wy
18
v, roy! ! ! s 62 ] ox 1 ¢ o
° I P/ Tl oo YE; ¥
. = 7
] = = " 1 ™ ¥ 1wy vl
' ' ' i) )
—— ™Y CASE 730402
PLASTIC
Figure 1. Switching Test Circuht
1
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H11L1, H11L2 :

TYPICAL CHARACTERISTICS

_ 5[’ T T ' T
g VoK i ! ! |
: L | ]
g ! ]
§ 3 | ot Flon) | i
l ¥
- S 4 AL = 27002
E ? T - Voo = SV ——
gé , | Ta = 2°C
[7

= 0 , 0L ]

0 0% ?

If. INPUT CURRENT {mA)
Figure 2. Transier Characteristics for H11L1

a T
- 1=
5 16 -[o
1 =
7 u S
& TURN ON THRESHOLD 5
z 2 =2
£ —+ g
g 3
B S
2 s AT TURN OFF THRESHOLD Z os e
2 L d L1 £ | NORMALZED T0
2 d  Ana £ 06 = Vee = 5V
E o // ¥ NORMALIZEDTO ——] : Tas 25
= ¥ion) AT Ve = SV 1 3
Y : T = B¢ - 5 l |
I 5 h
0 2 [ 6 8 10 2 [ = ~5% -2 0 2 ) R
Vec. SUPPLY VOLTAGE VOLTS} Ta. TEMPERATURE (°C)
Figure 3. Threshoid Current versus Supply Vohltage Figure 4. Threshold Current versus Temperature
1
7’ ’
B o5 Z Ta =0T
g : BN
s RS
g o e - )
o ] e ;_§ k=b5mA .- "/‘jgf
= 03 E = v
g = £ 1
005 § 1=1= =t ]
-
—> g ? 3 ;//‘ : ~t== =223 S~
3 o 2 s a—t— -
= K ” == -
-1 Fe=0mA
[ N
1 2 11 10 2 0 100 [} 2 4 6 [} 1] 2 woon
1. LOAD CURRENT imA} Ve, SUPPLY VOLTAGE (VOLTS)
Figure 5. Output Vohtage, Low versus Load Current Figure 6. Supply Current versus Supply Voltage
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MOTOROLA
= SEMICONDUCTOR e ———
TECHNICAL DATA
MOC5007 .

6-Pin DIP Optoisolators | MOC5008
Logic Output MOC5009

- .- pallium srsenide IRED optically coupled 10 a high-speed integrated detector with

Schmitt trigger output. Designed for appiications requiring electrical isolation, fast &-PIN DIP
response time, noise immunity and digital logic compatibility such as interfacing com- OPTOISOLATORS
puter terminals to peripherat equipment, digital control of power supplies, motors and LOGIC OUTPUT

other servo machine applications.

® High Isolation Voltage — ViSO = 7500 Vacipk) Min
® Guaranteed Switching Times —.ton. toff < 4 us ]
® Built-tn ON'OFF Threshold Hysteresis

® Economicel, Standard Dueal-In-Line Plastic Package
® UL Recognized, File No. E58915

CASE 730A-02
PLASTIC
MAXIMUM RATINGS (TA = 25°C unless otherwise noted)
L Rsting Synibol [ Value l Unh 1
INPUT LED
Reverse Voltage VR € Volts
Forward Current — Continuous s 60 mA
Peak . 1.2 Amp
Pulse Width = 300 us, 2% Duty Cycie
LED Power Dissipation @ Ta = 25°C Pp 120 mw
Derste above 25°C 1.41 mwWrC
OUTPUT DETECTOR
Output Voitage Range Vo 0-16 Vonts
Supply Voltage Range Vee 3-16 Volts
Output Current o 50 mA
Detector Power Dissipstion @ Ty = 25°C Pp 150 mw
Derate above 25°C 1.76 mwWrC
TOTAL DEVICE
Total Device Power Dissipation @ Ta = 25°C Pp 250 mw
Derate sbove 25°C 2.94 mWrC
Maximum Opersting Temperature . Ta -40t0 +85 c
Storage Temperature Renge * '!;,9 -551t0 + 150 c
Soldering Temperature (10 ) 260 °C
Isolation Surge Vottage (Px ac Volage, 60 Mz, 1 Second Duration) (1) Viso 7500 Volts
(1) solation surge vohape is an in device el breakd rating.
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MOC5007, MOC5008, MOC5008

ELECTRICAL CHARACTERISTICS {Ta = 010 70'C)

[ Characteristic Symbol | Mn | Typ | Max | Uen ]
INPUT LED
Reverse Leakage Current (VR = 3V. R = 1 M) IR - 0.05 10 BA
Forward Voltage (I = 10 ma} Vg - 1.2 1.5 Volits
fif = 0.3 mA) 0.7% 0.95 —_
Capacitance (VR = OV. 1 « 1 MHz} [of - 18 - pF
OUTPUT DETECTOR
Opersting Voltage Vee 3 - 15 Volts
Supply Current (if = 0, Vec=5V) | iCCloH) - 1 5 mA
Output Current, Migh UF = 0, Ve = Vo = 15V) lon - —_ 100 pA
COUPLED
Supply Current (Ip = E(on)- Ve = 5 V) IcClon) - 16 5 mA
Output Voltage, Low (R = 270 12, Vee = SV.ig = Fion)) Vot - 0.2 04 Volts
Threshold Current, ON MOC5007 Flon) - 1 1.6 mA
Ry = 2700, Ve = 5 v) MOC5008 y o - 4
MOCS5009 - — 10
Threshold Current, OFF MOC5007 Iriot) 03 075 —_ mA
(R = 270 ), Vee = 5V) MOC5008, 5009 03 — -
Hysieresis Ratio (R = 2701}, Vee = 5 V) ‘E(.Q"! 0.5 0.75 0.8
Ifton) -
Isoiation Voltage (1)} 60 Hz, AC Peak, 1 second. Ta = 25°C Viso 7500 - —_ Vacipk)
Turn-On Time - 1.2 4 us
_ RL = 2700 L
Fall Time Vee = 5V, t X 0.1 —
Turn-Off Time ' = IFjon) ton - 1.2 4
- - Ta = 25°C
Rise Time * t — 0.3 -_

(1) For this test IRED Pins 1 and 2 are common snd Output Gate Pins 4, . 6 are common.

OUTLINE DIMENSIONS

9...
b= 1 = 001 s Tt
2250 =
9 P,
N T rar
¥ion) . ’
nOTES
1 DRENSONNG AXD TOLFRAMONG PER ANS! r&% [CHRET
f i 1o FERT-ENTEREY
2 CONTROLLING DWIEASON IRCH R NET
3 Dw L TO CINTEA OF LEAD W€ FORMED S o
PASALLEL 0] by IRK
l = lon KR gﬂ‘m
2% g
Ve m:i o on ] X ¢ 0
1 am00¢ 4 K (5] 23 i) i
1 camoce 1 o0 18 3
x v 7] v W [ [T
CRNTTENTIE [!
CASE 730A.02
PLASTIC

Figure 1. Switching Test Circult
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Vor. OUTPUT VOLTAGE, LOW (VOLTS)

MOC5007, MOC5008, MOC5009

TYPICAL CHARACTERISTICS

[ T
g " Vou | ; ! !
3
z { ' \
g :
B @ trioty tton) F i
g s YT
£ , ) 4 | =
g 2 4 4 VEC =5V —y
3 . | Tp = 25°C
o
> o Jl ! Vou Jl I i

0 XK ?

If. INPUY CURRENT (mA)
Figure 2. Transfer Characteristics for MOC5007

£
= 16 &
g § 16
3 & u
& TURN Oh THRESHOLD i
£ 12 = 12
£ = ¥
&
g 1 g 1
S A1 TURN OFF THRESHOLD 08 <
g o8 v == § Vi HOWALZED TO
g os 4 15 NORMALIZED TO —— it A T e
N Yion1ATVee = 5V 4 £
* o4 Ta = 2°C —+— = ] [
T S | §
0 2 4 6 [} 0 12 " - -5 - 0 25 L) % 100
Ve, SUPPLY VDUTAGE (VOLTS: Ta. TEMPERATURE 1*C)
Figure 3. Threshold Current versus Supply Voltage Figure 4. Threshold Current versus Temperature
1 P l
05 7 Ta = 0°C
i =T
7 TR
02 — A i VJ\\‘
[ 3 /7 ; 4 f=Sm4 -7 ‘/ fS/
§ 4-= - ‘/’ - oc
- -
[ o 42 - ZS'C\
E 2 B> [ PTI o
- e T N
a0 3 "a 4,—____1——-—‘—-___
0 -t Fudm
1 2 5 0 20 50 w 0 2 4 [ 3 1w 12 A\ 16
10. LOAD CURRENT imA) Vg, SUPPLY VOLTAGE (VOLTS!
Figure 8. Output Vottage, Low versus Loed Current Figure 6. Supply Current versus Supply Vohage
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7* EXAR

"XR-2206

<

i

“Monolithic Fuﬁcﬁb_n Gén'era-"tbr"‘

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-
stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an exter-
nal voltage. Frequency of operation can be selected
externally over a range of 0.01 Hz to more than 1 MHz.

Thz circuit is ideally suited for communications, instru-
mentation, and function generator applications requir-
ing sinusoidal tone, AM, FM, or FSK generation. It has a
typical drift specitication of 20 ppm/°C. The oscillator
fiequency can be linearly swept over a 2000:1 frequen-
Cy‘range, with an external control voltage, having a
very small affect on distortion.

=N
”}EATURES
Low-Sine Wave Distortion
Excellent Temperature Stability
Wide Sweep Range
Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Supply Range

Adjustable Duty Cycle

0.5%, Typical

20 ppm/°C, Typical
2000:1, Typical
0.01%V, Typical

10V to 26V
1% 1o 99%

APPLICATIONS

Wavetorm Generation
Sweep Gereration

AM/FM Generation

VIF Conversion

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

FQwer Supply 26V
Ower Dissipation 750 mw
Derate Above 25°C $ mwy/eC

Tof4i Timing Current

6 mA
Sterage Temperature -65°C to +150°C

FUNCTIONAL BLOCK DIAGHAM

i AM ‘ N ,': N .
[ INPOT l 1 : 16
- : SYMMETRY
= ADJ.
~~ ad
- ouTRuT | 2 15
: vULTIPLIER
MuT.out | 3 | 1 82 H14
; SHAPER WAVEFORM
ADJ.
Vee | 4 113
‘ 5 121 Grouno
TIMING
CAPACITOR vco .
& SYN
6 11] aiveur
A 7 —— = 10] evpass
RESISTORS
CURRENT
a1 FSK
8 SWITCHES 9 INPUT

1-193 |

ORDERING INFORMATION

Part Number Packa jo Operating Temperature
XR-2206M Ceram ¢ =55°C to +125°C
XR-2206N Ceram¢ 0°Cto +70°C
XR-2206P Plastic 0°Cto +70°C
XR-2206CN Ceramc¢ 0°Cto +70°C
XR-2206CP Plastic, 0°Cto +70°C

SYSTEM DESCRIPTION

The XR-2206 Is comprise of four functional blocks; a
voltage-controlied oscilla s (VCO), an analog multiplier
and sine-shaper; a unity gisn buffer amplifier; and a set
of current switches, . .

The VCO actually produci2s an output freqhency pro-
portional to an Input curreqit, which is produced by a re-
sistor from the timing terrninals to ground. The current
switches route one of the timing pins current to the
VCO controlled by an FSK input pin, to produce an out.
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ELECTRICAL
Test Conditions:

CHARACTERISTICS
Test Circuit of Figyre vt
unless otherwise specified.

= 12V, Tp = 25°, ¢
S1 open for triangle,

= 0.01
closad for sine wave,

.
]

#F. Ry = 100 k8, Ry = 10 kQ, Ry =

XR-2206M XR-2206¢ .
PARAMETERS MIN [ TYp ] MAX [ MIN I “TYP_ | MAX UNITS CONDITIONS -
GENERAL CHARACTERISTICS .
Single Supply Voltage 10 . 26 10 26 \
Split-Supply Voltage x5 | 213 25| £183 v . R
Supply Current 12 17 14 1 20| ma Ry = 10kg S
OSCILLATOR SECTION o - ) . i ) "
Max, Operating Frequency 0.5 1 MHz 1C = 1000 PF.Ry = 1k
Lowest Practica Frequenc 0.01 Hz |C =5 #F, Ry = 2 Ma
Frequency Accuracy ‘ +4 T %2 % of fo = 1/R¢C
Temperature Stability +50 +20 Ppm/°C | 0°C < TA < 70°C,
: Ry = Ry = 20k g
Supply Sensitivity 0.1 0.01 %N 20\\'/LOW = 10V, VHIGH =
Ry =Ry = 20k
Sweep Range 2000:1 tH=fL |ty @Ry =1kq
@R =2Mg
Sweep Linearity .
10:1 Sweep 2 % IL = 1kHz, fH = 10kHz
1000:1 Sweep 8 % Il = 100 kHz, fH = 100
I~ kHz
FM Distortion 0.1. % +10% Deviatlon .
Recommended Timing 5 I "
.Components / -
Timing Capacitor: o] 100 |0.001 100 uF See Figure 4. ,Q’“
Timing Reststors: 2000 | 1 2000 k@
1&Rp s
Triangle Sine Wave Output . See Note 1, Figure 2,
Triangle Amplitude 160 mVik Q Figure 1, $1 Open
Sine Wave Amplitude . 60 mV/k 0 | Figure 1, $1 Closed .
Max. Output Swing 6 Vpp '
Output Impedance 600 e}
Triangle Linearity 1 %
Amplitude Stability 0.5 dB For 1000:1 Sweep
Sine Wave Amplitude 4800 pPPm/°C | See Note 2.
Stabllity :
Sine Wavs Distortion
Without Adjustment 2.5 % Ry = 30kQ
With Adjustment 0.5 1.5 % See Figures 6 and 7.
Amplitude Modulation :
Input impedance 50 100 ka 1],
Modulation Range 100 % 3.
Carrier Suppression 55 dB i
Linearity 2. % For 95% Modulation £
Square-Wave Output . 12
Amplitude 12 Vpp [Measured at pin 11, &
Rise Time 250 nsec ICL = 10 pF N ks
Falt Time . : 50 1 | nsec "ICL = 10 pF A
Saturation Voltage 02 | oe v IL = 2mA A
Leakage Current 0.1 | 100 KA 1Vig = 26y o 1
FSK Keying Level (Pin 8) 14 | 24 V' [See section on circyuit 1
controls 1
Reference Bypass Voltage 3 3.5 \ Measured at Pin 10,
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Figure 2. Output Amplitude as a Function of the Resistor,
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Figure 3. Supply Current versus Supply Voltags, Tlmlng, R.
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Figure 5. 'Hormufmd Output Ampittude versus DC Blas at
AM input (Pin 1).
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Figurs 10. Clrcult for Sins Wave Genosration without External
AdJustment. (See Figure 2 for Cholcs of R3).
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Figure 11. Circult for Sins Wavs Generation with Minlmum
Harmonlc Distortlon, (R3 Datermines Output
Swing—See Figurs 2.)
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“ﬁnquoncy-Shm Keying:

The XR-2206 can be operated with two separate timing
reslstors, Ry and Ry, connected to the timing Pin 7 and
'8, respectively, as shown In Figure 12, Depending on
the polarity of the logic signal at Pin 8, elther one or the
other of thesse timing resistors Is activated. If Pin 9 Ig

" open-clrculted or connected to a blas voltage 2 2V, only
Ry ls activated. Similarly, if the voltage level at Pin 9 Ig
"1V, only Rz Is activated. Thus, the output frequency
can be keyed between two levels, 11 and 15, as:

RICRE 1 = 1/RiCand 1 m 1/R2C

For split-supply operation, the keying voltage at Pin 8 Ig
referenced to V-,

0~utpm bc Level Control:

The dc level at the output {Pin 2) is approximately the
same as the dc blas at Pin 3. In Flgures 10, 11 and 12,
Pin 3 Is blesed midway between V+ and ground, to
glve an output dc level of =V +/2,

APPLICATIONS INFORMATION

Sine Wave Generatlon
thout Externs! Adjustment:

Flgure 10 shows the clrcult connection for generating a
slnusoldal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the deslred frequency tuning. The
maximum output swing Is @reater than V+/2, and the
typical distortion (THD) Is <2.5%. 1t lower slne wave
distortion Is deslred, additional adjustments can be pro-

vided as described in the foliowing section.

The clreult of Flgure 10 can be converted to split-supply
operation, simply by replacing all ground connectlons
with V=, For split-supply operation, R3 can be directly
connected 1o ground.

With External Adjustment:

The harmonic content of sinusoldal output can be re-
duced 10 = 0.5% by addltional adjustments as shown
In Figure 11. The potentiometer, RA. adjusts the slne-
..8haping resistor, and Rg provides the fine adjustment
_Jor the waveform symmetry. The adjustment procedure
I8 as foliows:

1. Set Ry at midpoint, and adjust RA for minimum
)« distortion,

"2 with RA set as above, adjust Rp to further reduce
distortion,

LT{langla Wave Generatlon

The clrcults of Figures 10 and 11 can be converted to

angle wave generation, by simply open-circulting Pin
13and 14 (6., S1 open). Amplitude of the trlangle Is ap-
Proximately twice the sing wave output.
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FSK Generatlon XR-2206

"Flgure 12 shows the clrcult connection for sinuscidal
FSK signal operation, Mark and space frequencies can
be Independently ad)usted, by the cholce of timing re-
slstors, Ry and Ra; thu output Is phase-continuous dur-
Ing transitions. The keving signal Is applled to Pin 8, The
cireult can be converted to split-supply operation by
simply replacing ground with V=

t oA

Pulse and Ramp Garim'atlon

Flgure 13 shows the eircult for pulse and ramp wave-
form generatlon. In this mode of operatlon, the FSK key-
Ing terminal (Pin 8) Is shorted to the 8quare-wave output
(Pin 11), and the clrcult automatically frequency-shift
keys ltself between two separate frequencles during
the posltive-going and negative-golng output wave-
forms. The pulse width and.duty cycle can be adjusted
from 1% 10 89%, by t1e cholce of Ry and Ry. The val-
ues of Ry and Ry shauld be In the fange of 1 kQ to 2
M.

PRINCIPLES OF OPERATION
Description of Controls
Frequency of Operation;

The frequency of osclilation, 1o, Is determined by the ex-
ternal timing capacitcy, C, across Pin 5 and 6, and by
the timing resistor, R, connected to elther Pin 7 or 8.
The frequency Is glver gs:

1
fr o=
g RC Hz

and can be adjusted by varying elther R or C, The rec-
ommended values of R, for & glven frequency range, as
shown In Figure 4, Terr perature stabllity Is optimum for
4 kfl < R < 200 kO, Recommended values of C are

from 1000 pF to 100 nF
Frequency Sweep and Modulation:

Frequency of osclllatio Is proportional to the total tim-
Ing current, i1, drawn 1-om Pin 7 or 8:

{ o 22017 (mA)
. )

Timing terminals (Pin ¥ or 8) are low-impedance points,
&nd ars Internally biaso at + 3V, with respect 1o Pin 12,
Frequency varles linea ly with IT, over a wide range of
current values, from 1 gA 1o 3 mA. The frequency can
be controlled by applylng a controi voltage, Vg, 10 the
activated timing pin as shown in Figure 9. The frequen-
Cy of osclllation Is relzted to Ve as:

tm 1oy B Vo,
RC Rc 3
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where Vg Is in voits. The voltage-to-frequency conver-
sion gain, K, Is given as:

K = 3/8VC = — 2:32 Hary

RcC

CAUTION: For safety operation of the circult, IT
should be limited 10 <3 MA.

Output Ampltuds:

Maximum output amplitude Is Inversely proportional to
the external resistor, Rg, connected to Pln 3 (see Figure
2). For sine wave output, amplitude Is approximately 60
mV peak per kQ of R3; for trlangle, the peak amplitude
Is approximately 160 mV peak per k@ of R3. Thus, for
example, A3 = 50 kQ would produce approxlmately
+ 3V sinusoidal output amplitude.

)
Amplitude Modulation:

Output amplitude can te modulated by applylng adcbl-
as and a modulating signal to Pin 1. The Internal Imped-
ance at Pin 1 Is approximately 100 k@. Output ampll-
tude varies linearly witlh the applied voltage at Pin 1, for
values of dc bles at this pin, within 4 volts of V+/2 as
shown In Figure 5. As his blas leve! approaches V+/2,
the phase of the output signat Is reversed, and the am-
plitude goes through 2ero. This property Is sultable for ;
phase-shift keying ancl suppressed-carrler AM genera.
tion. Total dynamic range of amplitude modulation Is ap- v
proximately 55 dB. ’ N
! ;
CAUTION: AM control must be used in conjunctlon :
with a well-regulated s upply, since the output amplltude
now becomes & funcijon of V+

Ve VR
‘ -
INT'NL.L Vg
REQ.
- Vy 1 1 ‘
- Va
12 ]
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EQUIVALENT SCHEMATIC DIAGRAM ' .






