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ABTACK

Most modern elecironic circuitry incorporates high-density packaging
form of linear and/o? digital integrated circuit chips (ICs.) Radios, -
TV sets, medical instrumenﬁs, citizen band radios, calculators, and
computers are but a few examples of equipment which user high-density
packaging of solid-state devices. During the 196805, the study of
linear circuits used in operational amplifiers (op amps) and analog

computers was left to the area of "nice-to khow" information. in



%

favor of teaching the digital circuitry used in computer 1ogi3;,
Although l{near IC tech nology stands today where transistors stood
in the 19508, the renewed use of the basic op amp design and its
nyrad variations now make linear

devices as important as digital devices to the electronics
technician. The Lincar Integrated Circuits Applications Series is
aimed at presenting linear IC€s in a variety of circuit applications
Linear ICs are easy to teach and even easier to learn. In the
application of the devices are no load lines to plot, no
calculations using complex parameters, and ‘a . minimum of'biésing
problems. In Iaboratory usage, an important consideration is that
most linear chips are rugged and not easily burne out. Low cost, a
wide variety of types, and ease in handling mark linear

ICs very appealing for the designer. As prerequisites for stubying
linear 1ICs the student needs only DC, AC, and the general concepts
of active devices. A brief conrse in transistor theory is sufficient

since such information is not essential for working with ICs. The

key in using chip is knowing how to apply them in circuit designs.

In each volume of this series the introduction of a new chip includes
a discussion about the chip For instructional purposes, only thése
chip which provide for a wide of applications were selected. The
cost of the chips to the student was also considered’ in selecting
those wused in these .experiments The 1laboratory instruments and
components required for cir- cuit evaluation are described each text-
lab manual. In most cases 1/4 - 1/10-W resistors are adequate and 10
percent capacitors with 25 W V DC ratings will be adequate. All

required components needed for circuit are shown on the circuit



diagrams. The text-manual is not wriéieq in cook- book fashion. The
student,sh?uld know how to use electronic components,

bow to wiye.circuits, and. should be experienced in the use to general
types of laboratory instruments. Three instruments are particularly
important, naﬁely, a dual-trace oscilloscope, a functions generator,

and a digital multimenter.

Tﬁe study 'of linear integrated circuits and their applications is
chal- lquing and provides ample opportunity for students to express
their creétive ability. Studénts_ completing the étudy will have a
thorough in the use, application, &and methods of troubleshooting

electronic circuits that incorporate linear ICa in their design.
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AC-COUPLE LOW—FEEQUENCY AMPLIFIER.
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Attenuation (dB) = -20 log Vout (4.3)
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Exgeriment 10

carrier / Tone Generator
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-1 MC 3403

- 2 1N914 diodes
Resistor( 5 persent, 174 W):

- 2 1KOhm

-1 6.8 KOhm

- 1 10 KOhm

- 3 47 KOhm
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- 2 220 KOhm
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- 3 470 KOhm



-1 10 KOohm potentiometer
- 1 100 KOhm potentiometer ‘
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-1 AT pF )
-~ 2 470 pF
-1 6.001 Micro farad
To=- 1 0.01 Micro farad
- 2 0.1 Micro farad
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"Miscellanéeous components-: N
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0silloscope (dual trace ,5in)

Function generator (10 Hz- 1MHZz)

Digital multimeter

Power supply(+ - 15 Volt, 50 MA)
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- ® < o~ )
Taaﬁaqunnacaﬂa1asgnnﬂuua151aanq1luaauuuaqﬁmmﬂmnuﬂuq Mod. ?ﬁﬂgﬂ “van.9



v & - - LN |
ABUAANTHIMUT M UNEAN193T  Osc uuuniy , HIRIINA¥BNI9T
Osc ﬁugnﬁﬂuuaTaa R1 Uas C1 , R4 R5 aetily Pull up resistor , RZ,
R3,R4 3Ivialilwa Hysteresis loop, UABAIINONBINIT Osc IsN1'talIn
F= 1/2 t1
Tan t1 asa21undqenas Pulse uas T = 2(0.694)RiC1,Uas
- U °
Bias f®717n%8Y Op-Amp 3¥gn Set M =1/28a4 VCC iqasgnnqnuaTaa R2,R3
- - Q.g g i ) Vv
FeTedun1TINuTULAYaAavTaY Voltage UISANAMUATAALTIAUNIY I/P A4,
<4 \ [ o
AnTiUaguLlay Degree 189 Pulse width ﬂsgnnﬂnuaiaqquaunaeﬁmmﬁm Voltage,
uas Pulse-width Senmsitivity qvgnﬁqnuaTaadq R1, aahad1 R1 NA1UBaq
Y 4 4
a718123s L HYuN  , Center frequency ®d1d17anisidasuulad’ain 1HZ 14

-
auﬁaéqaqqungﬂqannq IC. 31071 wn.w



4#a91937  Asteble-multivibrato  Fetf
ic 555 Timer. , O/P na¢74ﬁ1ﬁﬁstﬁu Square wave aqﬁu3334QQQ1ﬁu§u
aéﬁuéﬁ Ra , Rb , Uas C , A1 O/P 1847337 Astable Sgaurrofasanty
7% Trig uA1437 Monostable 1u3uﬁ an.an 1A
7uafeniisyay IC 556 Timer qvgnﬁ?qq?ﬁtﬁu Monostable Osilator
TaaGQﬁuaﬁaqqqasﬁugnﬁﬁnuaTaé-Ra,C1,uasunﬁéﬂ T @310
t = 1.1/R1C1
1a#h1 - Ra = 9.1 kilo ohm.
Ci1 = 0.01 micro farad.

81 Resting pulse width astaUTsy N 100 micro sec.
d2uaq oOsilator 's mnatural frequency fa 10 KHz. lﬁﬂ?iﬂign Trig
¥.4 ‘Clock pulse = 10 KHz. (41413912937 Astable ! wn.w) @1 0/PaE
Lﬁunuﬁuﬁﬂautﬁu Pulse uan uas Clock ﬂ?gtﬁu Trigger pulse ﬁ
aqqqslﬂuuuu Negative going Laral3i Amplitude QQLﬁum1/3—Vcc.

ﬁmmﬁm Modulate quiﬂaiuﬁdﬁu Control—ﬁoltage input (g1 3)
édﬂsﬁgﬁi Pulse-width modulation §ﬁ y zﬂﬁ wn.d uﬁaa?ﬁtﬁuﬁq Pulse-

width Pattern. ﬁﬁgﬂﬁ?ﬁﬂﬁuuﬁTauﬁmmﬁm Sine wave



o Modulate 0/P naqqnquuu14q1a1uﬁ1nﬁﬁu1§tﬁa
Modulation Ay Carrier TesdggrafiautirtudwrTofsstidgyia Analog
Taaaﬁaﬁuﬁquauﬁaﬁnantﬂgauuannaq Pressure, Temperature,Voltage-
tranducers, nia Audio,Sine,Triangle War Sawtooth n?aguuuuguqnae
drandanrTataeiinatd Sufugae Modulate Hefu

Tun1iL 513 1suasnadaudn1sntd  Ic . 556 Dual timer,
N 1FT19taTaaTuduniivens 556 1¥d%¥1910u Monostable Osc. #audndluniie
1¥a¥191iu Astdble Osc. FefaiT179ut Erdrafufiedasduuiafiuias Pulse~

width modulator ﬁulad



Materials required

ACTIVE DEVICES 3
- 1 LM558
- 2 1N914 diode
RESISTORS 3
- 1 100 Ohm.
- 1 270 Ohnm.
- 1 ‘1 Eohm.
- 1 2.2 Kohm.
- 1 3.3 Kohm.
- 1 4.7 Kohm.
- 1 10 Kohm.
- 1 68 Kohm.
“CAPACITERS ( disc, mylar, electrolytic -20 percent, 25 V. )
-~ 1 0.002 Micro farad. .
- 2 0.005 Micro farad.
- 3 0.01 Micro farad.

- 1 0.05 Micro farad.

-.1 1.0 Micro farsad.
- 1 0.1 Micro farad.
- 1 2.5 Micro farad.

MISCELLANEOUS COMPONENTS 3
- 1 Socket (14 pin)
TEST INSTRUMENTs H
Osicilloscope(dual track,5in)
Function generator (10Hz to 1 MHz) .

Digital multimeter



Power supply (+,-,15Volts,50 ma)

TEST AND MEASUREMENTS

o. UTENBUINITANTY wm.d Taa?ﬁqun1éﬁq3ﬂ, Miaduasiiutin-
WA Static voltage (muetiasliiifaufauyin Modulation 1H1tw)

“. Yﬁaﬂlﬂq 0/P Wave 184 Astable OSC m1 9, THiauas
flufinuad1 Pulse width , Pulse Amplitude‘, Frequency LasIN Sketch
zﬂ 0/P Wave form @78

n. -ﬁﬂlhqﬁmmﬂm 0/P 1®849 monostable osc. fu1 5 1A
uaviiufndi®ay Pulse width , Pulse Amplitude ,Frequency UAavTH
Sketch Eﬂ 0/P wave form.

¢. N Sketch 71889 Timing disgram HadHIUAIYTAs
udalH i Aua2mFuiiudsendae Astable 0/P (ping) , HquIm Trigger (ping)
uas Monostable O/P (pin5) TasTHudaeilAud<l14¥aUNA9N1T Trigger
1138y Sync Huludinsustdulsy 3

4. namua Amplitude wa<s¥uqrafidasnistHlun198¥19 Pulse-
width modulation ,7#%7% Audio generator Tag¥uaa1udUTeu 500 HZ
M Sketch ar1uFufiufsening Modulating signal (500Hz) uasFqyin - -

Modulate carrier. é

NOTE
¢ . 30ﬁ4 w - ) -~ .
dMTUTY  step UILUUNIERAIATUIHTUNTIUDY Horizontal sync-
<4 . o . o .
voltage 1WA osiloscope , 91 ¥u trigger 1iUn External trigger uas
4 ) . 4
ﬁauﬁmmﬁm sampled n pin5 (Monostable osilator output)un
R . 4 o . . <4 u
External trigger input (WANIH Display 184 sync 1d1aBunTaInatyas
. da ] . - : e
N1INIRATIWNNN UazAa1uAtaY Audio generator u19Tat13asdasuFuidindntantinsy
v. AIMUANATIITENII9n171H  sine wave , Triangle wave

4 o
LEIMULWANINT Mod Auiilulduls.



SELF TEST ANSWER

o. Free running

m. Trigger pulse

n. Power supply , Signal
¢. R1,RZ,R33C1

d. Positive-going



. 1ﬁ§41nquaunqtnquatﬁan11 Modulate nn¢§mmqmt§u§u
yanauLauty.
NOTE
‘ ﬁﬁunaagﬂnqédﬂaqnécqaasaanLw1151¢q1§Qsﬁﬁ1u1§%7uﬁu

<4 -
ANTNARBNBUIEBN

FOR FURTHER RESEARCH

5. TH¥en1993Tnasida 1L #udan1g Modulation 189 RF-
carrier # 27 MHz 16878 Pulse width nodulator,1§ IC Luaé 1496 n1
RF Modulator uwas9f IC tua¥ 556 n1 Astable Osilator TasnInuan
Saeauiaq1us 100 Hz uas Modulate signal 11370 Tranducce -

-
output Tasiia7unadn 0 - 3 Hz.

SELF TEST
U 3 * ] “
naﬁanaaﬁutnﬁ?ﬁnqnuaiaanﬁ1aauaﬂnﬁuan1ﬂu
o. Astable oOsillator FaY . oD T . 7. 6L .-
©. Monostable Osillator aﬂﬂnﬂ1ﬂ511ﬁﬁd...........,......
n. Amplitude ®a¥ pulse 30 Monostgble osilator ﬁseﬂﬁﬁnua
ATNBETTENY . - o ovne s osne e sse, Was Pulse width Aswitaann..........
<4 [ A4 o ® - -
. 3109435 N 23.5 €1 R uas C Ylﬁ'lﬁﬂﬂuﬂ'l‘!ﬂ'!Mﬂﬂﬁ‘)'lﬂﬂﬁﬂ*!‘)*"i'fﬂﬂ.....

o4 <
d. 31n7Ufr 23.5 diode D1 NI ] b & P

te



c, @

af - {3
V.. 0— W\ .

R, ) N -
10xQ

- Fig. 23-1. Square-wave-oscillator circuit diagram
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b . // -\ _—
. gg\\ ’ h:‘lobulating
sigrial
I h
(4) ¥
{2) T s
= i S L HIETY Y. SO HES HEPL PP PP
- 1 1
. 585 (6) r r— r n l— [— Modulated
- E = pulses
— ¥
B S
13) (s) Fig. 234. Pulse-width modulated pattern versus audio
{1) input signal -

C.01 pF

T ‘ _

Fig. 23-2. Astable oscillator circuit using a 555 IC

: i

4 14 Output
1 5 F—0vV

2 172 556

3

6
7
¢ JI- 0.014F l

Trigger input (for example, output of
the astable oscillator.shown in Fig. 23-2)

th. 23-3. Monostable oscillator, pulse-width moduiator cir-
cuit diagram
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Fig. 23-5. Astable oscillator and manostable PW modulator circuit diagram



EXPERIMENT 24

PULSE-WIDTH DEMODULATION

-~ '4

LD AL
[ % 3‘ o4 - L
ﬂa4?1ﬂ1ﬂaﬂﬁqﬂﬁ1ﬂﬂaﬂﬂuuaquﬁﬂﬂQTﬂlfﬂuzﬂﬂ

[ d 1 d -
‘o. AIUIANIA1183T Detector lWﬂTgﬁ1M1U AM,FM Uas SSM-

Demodulation.
e, 11993710 UTe TaENFIMTuTUA1T Detect UWAEMT Gain $1998833437

. < -~ - a ) e -
n. uﬁlﬂﬂ?@?iYﬂ?ﬂﬁﬂulﬂﬂ?ﬂﬂﬂﬁTﬁaaﬂ AR ITNINGIULATENITY

Ny

"General operation

IC 1ua¥ 1496 1iu Balance Modulator nina7HatuTHeuiiu
a819n31982149. TUAITNAARSN 17 uar 195 (iun191H Ic1496 faiflu AM uas-
DSB Modulation @Iya1&y

117 LA UL IR U TENBUA 19889793 TN 198 uREN LE 9 L Aniia e
Tasffisaetd IC tuaéLaaaﬁuaéqsaﬂuﬁ7aa¥ﬁqqaq1 AM Demodulator Was FM w38
Pulse-width Modulator

ﬁ???éﬁﬁmraﬁﬁﬁﬁ1'Detector ﬁanﬂaiu Chip 5%5 IF Amplification
11uaé?u§1n§a1ﬁu§as §eaas819ity  IC LM374 A Single chip Nasnuuy
¥ 9aTETun1TRaRaTad1Tna98uFy F9ssa¥1e IF Amp. (455kn3n10.7MHZ) UAE
AM,FM UR® SSB Detection #a® Chips 5181§Lﬁu Product detector uas
¥lia¥ae Detector Masdnsadatutiaeiiu Detecto;uuuﬁusﬁmﬁquﬁau?ﬁﬁuuﬁn
1u1suuqun1&nn133ﬁﬁ11aaﬁqq1u aﬂnzuﬁ 24.1 AWUAANTHLAUDIE IR TE-
NaUAIYA18TUTINIYIUTINIT Wiring @144189 Balance modulator-
demodulator 1IC1498. 1Ta8 transistor quauQsﬁsufsﬂaﬂﬁulﬁu Different-
pairuasast¥iduds Drive 1HAY Dual differential amplifiers Q1,Q2,q3

P '
Uar Q4 nTeuanivanu Dual amplifier augnﬂauﬂuTau QS5UABQs6
. 9



qan;ﬂﬁ 24.2 AwsudastiitiunaTiiaTsinTeudty Ic 1496 Taser
LA QBABAIMUG Constant current THAY Q5uavQE dauA2MEMNIUTTerninal
2uars as1¥1udan1mue Gain control
A Output current AInaIn Upper dual amplifiers as;ﬁuﬁadqu
iy Input voltage ﬂ vxuasvy , A1 O/P vlotage pae%ﬂﬁaeﬁvtﬁuQQNWQﬂn
Ia ”?ﬂ Ib%m RL,Tﬂﬂﬁuﬁvﬁﬁuﬁfnﬁﬁﬁﬁu%eﬁuuun Singleu?ﬂ Differential-
output A1 0/P voltage &1u171a3sn1talan
Vout = K ¥V xVy = e (1
‘Taaxﬁv1ﬁuSCaling’FaciOrﬁqaﬁuﬁ1nquLugnuuuaqﬁﬂ151a13§qﬂﬁ1&ﬁﬁnnqauan
uéau?diﬂ;ﬂu1u1qq1 bDetector ﬁ
A1 Differential voltage gain ﬁulﬁu Function iy high level
input #®a< transistor %ﬂ 4R9UY uasqsmﬁiﬁﬁﬁn
Av = dvout/vin =2RL/RE  ——————= 2)
Tasan Vin_aafiow levelhsignal
Vout = 2ZRL Vy / RE = ———mmmme (3)
wav Vy = IyRE
IC 1496 asliu Linear multiplier ?418§uﬂéﬁu%8§uﬁmmﬁmg Vx
uUasDrive level # Vy
f1 Output signal voltage ﬁnua1quuauuadﬂenhﬂﬁmm?mﬁ VXUAE
Vy ﬁﬂﬁﬂlﬁuﬁmmﬁm I/P Sinewave '

Vx

i

Ex cos wxt
Vy = Ex coé wyt
. < , ¥
i) ExuauEynﬁn f1 Peak 18Y X UAL Y , wagmnavnﬂaaqimmﬁm
g o v
NABNANAN O/P NlauUL A
Vout = { KExEy/2 } cos{(Wx+Wylt+cos(Wx-Wy)t  ————0o (4)
L4 [ Y3 J ' 4 .
#1MTY Detector @1 O/P cos(Wx+Wy) #1817a03% Filter laTas<das

- 4 4 .
(WTIB91UABNATINGBYAAN RF #B4AAU ,UABAT cos(Wx+Wy) a8 low frequency



P ' e )
iuﬁuuamﬂnmmmmum RF NIdDNAAU
° ]
2ud9u Upper 184 Amplifier 3asn191uly Saturation mode Lva
4 .4 . . . .
fas1f Gain ngaﬂa, tas lower amplifier (modulating 1nput)qvgnuﬁ
. 4 , gY . 4
aan{in1e Pin2 Was pin3, resistor N@aAday Terminal UtiNasnINUn
ﬁ R gy & ﬁ ) 1oV N -
1dy Degeneration d4nasL unﬂiﬂququ1u1n Gain LAUNAUL ¥R Dynamic
) a4
range 189017 Modulate I/P dau?udouganqﬁnaq Amp. au1¥lunsanan
Yo 4 0 '
a4 RE uunzq Tasiina1189 REIBUINAIIRe
AV = RL/RE —emme——e ~——= (5)
ia8 RE Aaa External resistor i Re Aa Internal -
_Emitter Resistance %8s IC (Hvry1 29 Ohms) ’ - -
4
N19 Bias w38y amp. nTBuﬁnYMaﬁvgnﬁﬂMuﬁTaa External resistor
4 [ 4 & ] ]
NestUTieq Base 89 QTUABQB c,Li41Bias current ardiu1Tat¥lavansaan
' | d )
LAL#AAIINABAIN Bias current 3wan set13f =ima, R 6.8 Kohm 3v@a‘ly
) . < » o ol - [ 74 *
1 Pin 5 L¥Wa3IsnIBUININY1 Bias YMQﬂﬁﬂﬂ
' 4 . . |
f1 Voltage nPin dﬁcﬂnaﬁ Chip Han
. . R - ﬁ ]
Pin 68 Uar Pin 12 A273sial uuanuﬁanQ
Pin 8 Uax Pin 10 qwtﬁuuansaiaduﬂ
. ﬁ v} <
Pin 1 ua’s pin 4 3l uuqﬂuaanqa
. 4
Pin 14 qstﬁuauuqana
[ v o . < '3 :
LT4AY Bias navatuuanasly vVoltage divider LIun17IM Bies, A 1nTBUR

I ¥ ' Pt ¥l £
Minimum =ime u3sivas1u Divider U, A1 Positive supply (vee) ety
M

)

L83y Upper dual amplifier TaguuN1e load (RL)

Product-Detector Operation

zﬂﬁ 24.3 Udasiivn191¥IC 1486 Yssnayt 2437 Product Detector
ﬁqtﬁuqva1ﬁusqu1ﬂaﬁqqiu ,uAsNuaed Ui vA suntastufiaasd 1t Ena . du
Am,Fm,SSB UasPulse-width Modulation.

Tusausay upper differential amplifier,qQ1-q43s?¥iflu Driver

4 LY - -~ 3
nTvay High level,High-frequency output3281UIuUn<RF harmonics Teas



an Filter aanlllf i vdandTedudunin audiofuand19ivafiu n19n19 Ui gh-
level ﬁqsuﬁaa1ﬁlﬁu15{ﬁﬂssﬁu Higher gain Wa#an13 Detect tduts, N
9@y Carrier-level input 300-1400 mVP-P L Susedy i/P e n1g
modulate I/P ?Bﬁﬁﬁﬁﬂ?ﬂéﬁuﬂlﬁu linear range §0?81a§mmﬁm O)P Audio
Maifin1afie Wy uasasdNATADrive ﬁmmqmiﬁgqﬁuYHEQ 300 mVP-P

2437 Detector ﬁﬂquﬂfnﬁasagwqﬁmmqmﬁq 10dB §q1quﬁv S/N
ratio # output Ta#rutanay input = 3 Micro volt Lty

3a4cuuﬂanaanﬁ15ﬁnua Gein UuUHAB, LLAUT1 Detector Avil
Dual output Lw&ﬁuav§u1udauﬁnﬁqnnq input ﬁsgnﬁﬂlﬁu Detection
uasSndau#Ln§aqsgn1ﬂtﬂuﬂ1uﬂ'?ioduct AGC ‘cont?ol ¥84 Receiveruae
IF stage.

Pulse-width Product Detector,Denodﬁlation

Product detector 3sd719 DC output Tasas iy Function na-
A211NLANAIYRY Phase difference TENT Y Locally insert carrier
iy Pulse-width modulate input Taaqqasqsuaaq1ﬁnﬁua;3u§"z4.3
§i1aﬁﬂﬁ1lﬂgauuﬂaﬂ7ﬂtﬁﬁﬂlsﬂﬁaalaﬂ?glﬂu1ﬂﬁi‘Pulse—widtﬁ modulation
Tas Local carrier asgn Set idaandinlaufiunas 172 A1,
dym carrier input (pinlO)?sgﬂﬁﬂnuﬂﬁﬁlﬁu High level Feasiiua
N1 Amplifier Switching uas Saturate lauﬁ ﬁa&uﬁw?udaunaq
Pulse-widh modulate signal inputlﬁu High level 1f%ufiu ﬁvﬁﬁ?ﬁ
Amplitude modulation 1ﬁﬁnﬂ1tu§auuﬁa4, Pulse-width signal 3s
gnﬁ¥ﬂ4§uﬁ 0/P A8fM4sdy DC Shift. FeBuas i fuwanraannrsuandavnas
dranniedaunny I/p fiedaviiniag

zuﬁ 24.4 IvuAASIHLAUTINANAIAITUAAG 19T IHHAY input
Tash1 Input %qaaqgnﬁau?ﬁtﬂu High $i4889 Input Washedne Input
i Phase laaﬁﬁuava(zﬂ a)output ﬁstﬁu ﬁué LA Input %ﬂﬁﬂﬂ
out of phase ﬁu(zﬂb)ﬁmﬁﬁu output ﬁsgﬂd%jﬂgu

i) 3 .
zﬂn 24.5 UAANTNINUTY Function diagram %83 Pulse-width



modulator-detector. Tasludiuns-< Modulitqr circuit fNenuaasiuday
o R ) o -~ - PY ;']
AUAITNARBINUIUNIURITULNN 23. TRHATINUINAY IC 556 augn?ﬂnﬁt U
' © 3 .y 4
carrier signal n4 KHz AR B carrier wiutlaun Inverter
o . .
(1/4 %a3 IC 3403) Kas couple 1UN Carrier input a4 1498 d9u
- 9 - e ﬁ
30 1/2 ¥asIC 5568T911u Modulator LHufu 3571ty Monostable
- ' ) .
Osilatortu Trigger n 4KHz A1 Positive output pulse qugnnaﬂa

) . .
uastaut #10d9u Signal input (pini)#a4 Detector ,dqu Audio -

° S 4 <
signal 3rUIU1IIINNBU(IIN Function generator n1a) Tanastdaaud
7ud24 100-500 Hz Range. 3a7TiLiu Modulating signal ,9%ud2unny
Inverter, 1/4 tav IC 3403 qv?ﬂﬁﬁ”?uﬁered back Gain control-
emplifier Tasdausas Feed back circuit T4asd18170U%UAIGG 2538

uaaqﬁqzu 24.86

MATERIALS REQUIRED

ACTIVE DEVICE =
1 LM 1496
1 MC 3403
RESISTORS(5 percent , 1/4 watt.):
1 47 Ohm
1 100 Ohnm

1 680 Ohm

3 22 K Ohnm
2 100 K Ohm
6 1 K Ohnm
1 4.7 K Ohm
1 2.2 X Ohnm
3 10 X Ohm
1 10 K Ohm potentiometer



1 100 K Ohm potentiometer

CAPACITORS (disc,mylar,electrolytic = 20 % , 25 Volt):
. 1 '100 pPF

5 0.1 Micro farad.

1 270 pF

1 1 Micro farad.

1 .002 Micra farad.

3 5 Micro farad.

2 .05 Micra farad.

1- 100 Micra farad. . : -
HISCELLANEOUS COMPONENT =

2 socket 14 pin
TEST INSTRUMENTS :

Osilloscope (dual irace ,5 iny

Functional generator(i10Hz to 1 MHz)

Digital multi méter

power supply (+- 15 V. ,50ma)

Note
< ) o 1y 1
31011784 Pulse-width modulator NIANAABINIURIMATHNIADNTIUTIN
]

y ‘JQ.OﬁJu v X ¢ - Y ¥
TUATTNAREIY, LHTIEAEUUIIINLYUNIEABITTINEUN 1IN LB EFauiun1Tnaaaen
(1437 Demodulator) INTsIeLA#2AU Power supply NIERI8( Vee wae Vee)

ar J (l - L% -« 1]

o. UTBNAUINITHVTUN 24.7 Tau?ﬂgun1ma1qnaazu, MM3auariiufing
Static voltage

w. Inafuqsfiewanay Demodulate Pulse Tasnataufygis Input

4 a 4. . >
Faeluy AN LulaunuL 10 Input ¥84 IC 1496 Wasdnia Unmodulate carrier
4 R 4 - o
{390 Pin 10 uas Pulse-width modulate signal 1890 Pin 1 a9nauutny¥y

Fun TN Ty Outputqaﬁﬂuﬂﬁ15Lnﬁauﬁuﬁmmﬁmlau



v.a ﬁﬁnua1ﬁa11u3nag§mmﬁmﬁ Test point A WURs Gain 18
29370 MuATAY Inverter Stage Al
' w.b Amuatiina1udyasdugiaf Test point B uas Gain w89
293TnMuaTas Anplifier A2
n. iloufag s Audio « Sine wave )Tasliad1uiTswiae 100-500
Hz. 1877 Input ma9 Modulator (input #i pin3 %89 IC 556)7$i@a Channel
1 1384 Osilloscope 1”# pin 3 #BY IC 556 Was Channel 2 1ul§ﬁ# pin 5
184 IC 556 THuuT3d1mussl Gain control naqaqafaéﬁ Lower gaindainiuli
115y Audio signal Amplitude qunsunqn Channel 2 ua4y Osilloscope -
= 1510 g0 Pulse-width- modulate signal §u ) g . o
Note
nmvﬁ?uUﬁﬂa¥ﬂaﬁﬂ5ﬂLﬁuﬁsﬁaﬂﬁg Horizontdl sync voltége -
(Hgyai pin 5 wae IC 556 ) t#a Synec ﬁmmqm1ﬂ1ﬁ133u1na,qqn&u?ﬁﬂ?u
Amplitude #1849 Audio signal IWwaiuN1=AsTUTIRLAGAIT Over modulatate
¥u31ndiu Sketch AW Pattern ﬁ;ﬁaﬁu,uau?ﬁnaaaqgiqﬂsuﬁunaaﬁmmﬁm
Audio input dﬂQaﬁatﬁﬁ11Taaﬂnﬁ1 Modulate asieasiiasy
¢. Lu3Ey Probe fi Channel 2 189 Osilloscope 1ﬂgoutput
(pin 8) nay Stage A ﬂﬂﬂ&ﬂ?ﬁﬂ?ﬂ Modulation gain(R8),Carrier gain
(R2),4as Anplitude #89 Audio signal( output attenuator %a<v function
generator) LwanauanMLnanq1ﬂ11q§mmqmn output= 500Hz I# Sket sl
output ntnaﬁunqn input U8/ output Tnﬂﬂﬂﬂﬂﬂdﬂmﬂﬁﬂﬂiﬂnlﬂﬁgunﬂﬂuﬂ

ﬁmvnﬂﬂaﬁﬂfnﬂﬂﬂﬁﬂﬂﬁﬁﬁ

d. amAandnee Audio signal a<{yf 300 Hz 1Mﬁﬂtnn90ﬁu—
Y
unnnﬁan output sasy , Qﬁnuuﬁu Sket.ch 7ﬁﬁmmqm output nmsﬁ UasIN

£
aﬁuqanqnﬁﬁuunnnqqntnanuava.



1]

self test :

L d - [] 8
naﬁau911uLﬁjﬂaTaanﬁiﬂaunﬂnquaqaa1ﬂu

o. U Pulse-width demodulation A modulate A compare

< -
w. 9937 Network Tudauf pin 12 may IC 1498uar Cl4 TN~

o .
. 1u3ﬂn wd.sn Gain ﬁﬂi?QQTﬂveﬂﬁﬁﬂﬁuTﬁﬂ

o4 we . -
. Qﬁﬂzﬁﬂ wd.s THAIUIN Gain A9 A3 QA

] ' > -
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EXPERIMENT 26

Frgguencz—shift'kezing(FSK)lodulators‘
OBJECTIVES

o g « v
NR41INLARNEINTITNARAIY ﬁquﬂianst?auzﬁﬂ
- . < v ﬁ
DI NAFBUUASNIATNARIINAINITRIN 29T L WANAeHTIVILUU2I43T Frequency
shift keying
4 Y . L)
2yd1u1Tanasiaanty Modulating signal #1MTuUn1T Space UAs Mark-
Subcarrier tone

. - o~ 4 < ¢4
3)naapdnaFauLasdnia il WenIsa14190 Applie 1u1§u1815ﬁuau1

Discussion

| ] ' P
Frequency shift keying THfusdisusinastiuscuuiadssdetdy
. ﬁ t 2 \ | 8 4 o 1] 3 )
Instag,uaswin Wireless tiduau wasluni1InaaasdiIsingiy FSK (n1UU uas
a«r ar J . - g
WanNN1TA8NTHTY Pulse width modulationis¥2a8137Un19nasavuas
g b . — o} .
Standard n1#nMuaTu FSK Tone asamualiaa dm¥y Radio -
4 - ° ar
Teletype 3sMark 1 2124 Hzuav Space 91 2875 Hz d7udmTy Telephone

L] /) o [] 8‘
uas Landlines [sn1vualiavantuuan

MARK = 1070 Hz

; SPACE = 1270 Hz : ¢
MARK = 2025 Hz )
SPACE = 2225 Hz

Tafavil GAB ¥84A27MD = 200 Hz

Modulator aa:squaré wave signal 1a# Frequency ﬁ?a Pulse#
gnshiftiu Taannftﬂﬁauﬁoﬁuﬂnaq Tone qsgnaauquaa Pulse ﬁ uae
armdtasiun1neanstiaenvuati7A2188 = 1070 HzZWAB1270 Hz Wav Tone
ﬁuﬁaguﬁasgnd¥14§u1aanﬂ1 Osillator Ziiufan Pulse IsN141ufl Natural
frequency wavlun1s Shiftuae Operating #1843zt dun1TNA TNt Faety

| <4 < .
uasrzn']ann Tone Lﬁamﬂﬁaauuuamwﬁﬂﬁmmauﬁuauanss'n Demodulsator



¢ 4 W .
Lugauuuaqaﬂu1u§1uqna1ﬂ Uar1499 Phase lock loop Yunﬁinaaaenuaqqugnuﬂ

¥ -
u11ETUN1TNeaadua a8 L Ui

FSK tone generator Uas Logic gate QBuﬁaﬂiaﬁﬁzﬂﬁ 26-1 1aa
OP-amp A Uas B 3siiuE2d319 Tone osilator F4téarudeanu 2 wuy
Tasidagaef Transistor Q1 H#4LiN14IU(Turn on) N1TNAIULANI93T P2avlaa
A4GND U@ P13c@aay GND-TﬂadﬁunﬁﬂRs,Plﬁslﬁuﬁﬁufu osilator frequency
{n1hY 1270 Hz §4nms§gaﬂ Space period udtﬁa Pulse 2.5 msecgnﬁau
lil"]ﬂ"l Transistor 3snaud1 Saturate unuﬁ‘)‘lﬁ’ P2 AAUHINUIY R5 UNUUAY
Freq;ency wan shift % 1070 Hzuny ?Qnmsﬁgﬁﬂ Mark period. ?ﬂﬁﬂt?ﬂ
© gXufullau Pulse 2.5 Msec WRAANAT Mark Uas Space WuIBY
Zener diode asnamiinfiiudan11iTeduuseéu (voltage amplitude) s
0SC a<# dau OP-AMP B uas C avnmiinfifly Buffer was Tune frequency.
Gating ?sgndEﬁﬂguTaa Honosiable osi}lator uax Pulse widthqugn
Set181a8 Rm(33K Ohm)UACm(O.1Micro farad)uas Monostable AN Tfig
Tan Astable osillator NA21MAUTENIM 200 Hz #9u Astable osillator
80N Set TaA Ra, Rb Uae Ca Tasavdi19 Pulse t7snnl 4.8 MseclAvPulse..
augnﬂﬁuliﬂﬂnﬁ Basetfy Q1.faa Amplitudennq Pulseﬁvﬁﬂ;ﬁfn Set TaaP3
T1AUTENI B8 VP-P uasasiduwanati Q1 Saturate dau D3asiiuFnmuati
u1391841 Gating HuiAaiuTas Negative pulse uauzﬂﬁmmqu/P Pulseysy
Astable osillatorquuﬁéq1aﬁqzuﬁ 26-2a ,douuaaaquuanéﬂqudacYS&ezﬂ#
2s—zb,zuﬁ 26-2c sUFAINY O/P¥AY Monostable évuguﬁ 26-2d IBUAAND
dnn O/P Tone pulse #enﬂgﬁﬁﬁu
d4n17 Time constant ﬁ?gﬁﬁu?u Set ‘Gating osillator uda<v177udu
184 Equation section Ta#n1 Astable osillator an Set 13# 5 Msec

- 4 ar )
uUar Monostable osillator gn Settin 5 mseclYufy Monostable AN
. o

-
T



Trig Tas Astable osillator?uqnq Negative pulse

EQUATION
t = 1.1 RmCm(monostable) (26-1)
t1 = 0.693(RA+RB)CA (astable) (26-2)
t2 = 0.693RbCa (28-3)
T =t1+t2 =0.693(Ra+2Rb)Ca (26-4)
f = 1/T = 1.44/ (Ra+2Rb)C (26-5)
MONOSTABLE

11 SetI¥ t = 2.5 msec;Nn1A1 RmTaa# Cm=0.1 Micro farad
Rm = 2.5%(-1000) / 1.1%(-1000000)-= 22.7 Xohm
TUN1TNAAANLAIYY Rm gnﬁquua13 = 33 Kohm Uasiig1 Tolerance Lnafu
+~10 Percent
NOTE : @1 Total period gegaéﬁn¥u Monostable osillatpr(fﬁuﬁﬂ On time

War Ooff time) = Smsec

ASTABLE

t1 = pulse time, uUas Set t19% = 4.8 msec(4800 micro sec) TanTH
Ca = 0.1 micro farad

t2

T

= 0.2 msec(200 micro sec)
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UaEIINAUNIT 26-3

Rb

0.2%(-1000) / 0.693%[0.2%(~-1000000)1

]

1.44%(1000) = 1.44 Kohm
LABIIANITNAAAY Rb =1.5Kohm Uasfaq Tolerance IN1fiy +- 10 Percent

<
IINFUNITN 26-2

" Ra = 4.8%(-1000) / 0.693[0.2(-1000000)1 - 1.44(1000)

£3.46(10000)1-£1.44(1000)]1 = 33.2 Kohm °

I '
ILINUIIIINNITNARE9981Y Ra = 27 KohmIasian Tolerance t#1fu



- - uz 1 . J ws
+- 10 Percentaﬁuuﬁﬁ1ﬁ_ﬁﬂ Pulse period (T)Qﬂ Setn = 5 msec ,AIUU
A1 Different output B4318U4n1T Trigger un Monogtableﬂuiu Trig

un Monostable 1uqnq=ﬂ74 5msec

MATERIALS REQUIRED
Active device
- 1 LM 5586
=~ 1 MC 3403
- 1 2N3905 ;Transistor)
~ 2 1N4733 (Zener diode)
-~ 1 1IN 914(diode)
Resistor (5 percent, 1/4 Watt)
- 1 100 ohm
- 1 270 ohm
3 1 Kohm
- 2 1.5 Kobm . . .
2

2.2 Kohm



1

2

1

4.7 Kohm
6.8 Kohm
10 Kohm
15 Kohm
27 Kohm
100 Kohm
5 Kohm potentiometer
10 Kohm potentiometer

50 Kohm potentiometer

CAPACITOR (Disc, Mylar, Electrolytic, 20 percent,25 volt)

1

1

1

1

1

470 pf

0.001 Micro farad
0.005 Micro farad
0.01 Micro farad
0.02 Micro farad
0.1 Micro farad
0.2 Micro farad
0.5 Micro farad
10 _  Micro farad

100 Micro farad

MISCELLANEOUS COMPONENTS

2

1

TEST 1INSTRUMENTS

Sockets(14 pin)

Socket (Transistor)

Osilloscope(Dual trace, 5in)

Function generator(10Kz - 1 Mhz)

Digital multimeter .

Power suppply (+- 15 Volt,50 ma)



TESTS AND HEASUREHENTS

1) ussnaﬁqﬁqsﬁqzuﬂ 26-1 Taa?gqunsédﬁqq§Qﬁuaaeiﬁ,1§ vcCinany
+-15 Volts,Tasufi7f s ae1¥ R=5Kohm LA T1d1417aN381HA1R=100Kohm
1pgeauyy Bridge Ay R=6.8 Kohm tﬁaﬁqu15éﬂ# Effective 3544

2) 1#naaauﬁduuae Astable osillator iiuSuduusniau Taat¥ Scope
%ah Test point A ;%A1 t1,t2,T UAEA1 Frequency ¥avdmgn A ntuti
sketch 7U Waveform uﬁvtu?uutﬁauﬁuzuﬁ 26-2

3) dan output 2w Astable osillator #ﬂliﬂﬁviﬁiﬂﬁglﬁu Trigger
UnN1437 Monostable osillator , At Scope 33# Test point B San1a
Amplitude, Polarity,uas?ﬁﬁdlnq Period pattern?ﬂﬂ&%?ﬁﬁuﬁnzﬂ waveform
f Point A uav B .

4) 1% scope 5ah Test point C,11A17 OUTPUT TIME %8+ Monostable-
osillatorsiufivwadq Period naqnonostableaﬁsQﬁnauﬂﬁ sketch Timing
waveformunay Triggeriavoutput voltagetins Monostable osillator,
Qﬁﬁqtnq Edge trigger %a9 Monostable®ass1iduiduts

5) nmvﬁliﬁﬂs Set 61 SPACE uar MARK Frequency %ay Osillator
Eudu TN IMuad119370at ing L uu s Audaa 1w Channe 1 snyasScope
Connect 1ﬂ§nﬂBasenan1Qﬁﬁ§u1§u?n P3auNTEANISFUN INIUIG = 5 V P-P
Femmet Q1 ﬂsﬁaqtiﬁéja Saturation FeLiFmilaneuitsnsing collector
naﬁQllﬂ?8Ulﬁﬁau GND uass’1nGating Amplitudeﬁ Potential gCollector

wa9 Qlasiiulduly

§ 3 : 8 1] [] »4
6) ®a37NNUTH Set P3 = 0 Tessdudad1idl Gating haedy shift

v 4

4 -y - ar -.l
osillator tyYaszuudasia as’anliuly Scope Qaﬁ Pin7 uasuqnﬂ Pl [UATsNY

v u - o 4 o '
16 = 1270 Hz ,ﬁﬁnuuYKQan output (Vout) tWAN3sY*181 Amplifiers C Uar D



qEdafinuasdy uiaiiiufinda Frequency Was Amplitude ¥a4 Output (¥4a27
as1aa1lT s 10 Volt)
' Y < ]
7) @BIINUUTIHY Short ndvuuuqanaﬂ P2(f1CollertorsayQ1)lun GND Uas
o LW Y « - v
MUTY P2 qUNTENNR Output = 1070 Hz (A17 Short WiUTZULANBUAITATAS
¥ ¥ < § ' 4
gGating pulse fU¥1)31NUUTH Open #92un Short sandivd1 V out INEUAITIL
1@ = 1270 Hz ‘
a4 v 4 X o ¥ o~ - ' PR v 5
8) UTUAT P3TMIWNNIUNSnas UL UTHUL AN BUT Gating 1agnuaaaanYﬁ ﬂlnq
wasiiufna1 output Vout
9) Gating Pulse nméﬁﬁﬁaut§ﬁ1un?aﬂﬁ’5ﬁﬁt1qasﬁnﬁvﬂaaaan1§hé1¢17
10) TudIuYAY Amplifier C uUas D ?slﬁu Inverting nia Non-inverting
s - <4 o .
11 TuAIUAIIMaN15TE 9B ey FSK anifufl Landline transmittion
] 4 Py e o %
ﬂsﬁﬂﬁu911Nﬂaﬂ 2025 Hz éﬁﬂfu Mark uas 2225 Hz ‘145U SpaceiﬁTuuau
J4¥
aﬂu971unut7ﬁﬂﬁuﬁ1nnqsﬂ1uquaﬁn1aaaaﬁa11ua1an191u uas?ntnauaaqaqﬁ
nﬂYuYanianw1u1u1a
._‘_.
12) Gated-pulse Frequency f253s stableuau1ﬁaa1asLﬂauuuﬂa01u1unﬁ1

-~ [ o
tdasundasnay Power supply, #1871 Pulse time s LUasuntdastyTuny

< - '
tdaautlavney Power supply wya‘tyu

8
NOTE : wav3ain complete nnsnaaaquua71n1umaenaaaﬂn7m?aqaann4§u1wsqs1u_H

nwnaaawa‘luwum'xuﬁ‘tu'h'fan



SELF TEST
13742437889 FSK A1 GAP T¥9114 Space Uas Markquaé1uﬂ741a......

2)Tone-transmitted 1iuwaN191ARTITNI9IUNEY Telex. ... .....

3)Monostable pulse generator Isan TrigTas Astable osillator
§¢ﬁs1§Pu1seﬁ§§n&muEdgeLﬁutﬁu11,...............

4)Frequency %84 Osillator A?uzuﬁ 26-1 LHNTULWTI8 G2 nuUAY
1 KohmTa#iAeQ1fe. oonennunnnn..

5)Baud rate a8 Rete¥aves™y.. ... 0.0,

SELF-TEST ANSWER
1) 200 Hz
2) KEY
3) Negative

4) Baturated
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APPENDIX B DATA SHEETS ... .. ,_‘L____

PNP silicon annular transistors designe?i. for ge—;- S ‘
2N3905 (SILICON) eral ‘purpose swilching and ampl,ifier applications
3906 features one-piece, injection-molded plastic package
2N for high reliability. The 2N3905 and 2N3906 are com- -

plementary with NPN types 2N3903 and 2N3904, re-
spectively. ;

o

MAXIMUM RATINGS - -
Collector-Emitter Voltage _ Vecgo 40 Vdc
Collector=Base Voltage _ Ve 40 Vde
Emittgr-Base Voltage - ~ .. VEB . 5.0 Vde
R Collector Current . .. Ic. 200 mAdc
~ I'd . - - .
. :Total Device_ Dissipation @ - . = 3 .
N . T . °on T po " SRSy &4
- - <« T,z ... TA =25°C ~ Pp 350 “Fmw &
- L 24 . ol * . B
zd.z ' LT ERT x4 A
Style ELECTRICAL C}(ARAQTERISTICS Jre - 252C untess otherwise noted)
= Fem 1 E=utter - ; > - = -~ - -
T2 e [~ = =« Characterissic com = [ FaKe [smba | fn | max ] v )
Shsct, s = p -
I OFF CHARACTLRISTICS ,
Collector-Bass Bzeasdrwn Vohage 117 . Ve
:lc.: 7; YR '." (] J — * -
Collector -Lannite: Breassown Vorug (1 U= .~ . »w .. Va
e | L D Ak Ny o8 e et S e B D aTa o >
i Ercitier- Base Breatdove Voluge 3 D Ve
n; -”W.At.l;-ﬂ F | N _’ A Iso 3.0 .
| Coliecior Cutot! Curpent ; Topx B addc
- (Veg * 30 Vée Voo e 3.0 Vee) kL ) - s
c e Rase Cuws? Curront AY s Ly o~ | s — % - A
Weg =30 V. Vapiun * %° V&) A U : )
ON CHARACTERISTICS W/, C P
DC Cerrest Can (B [ -
‘lc * 0.l mAK, Vc' » 3.0 Vac) INIPOS 1 30 -
= ININOS L -
(lc » 1.0 mAde, V" "l.D Véc) 243008 :: -
IN3HOS -
» W mhk, V, * L9 Vi) 5 INI0S - K $0 130
% cx IN008 160 300
0«3 mAdk, V. =10 Vi) 23908 30 -
ctre cr - IS » X
1o o 1C mAd, V.o » 1.6 Vi) 2N3IH08 v, 1 b
Yie Y y 1 3N3908 30 -
Collectar -Te:itier Ratrannor Vollage (4} 10, 17 v Var
"c.: 10 madk, 'l. <1 Emad) CLisst) N Y
U * 50 mAde, 1 o5 £ mAde) € 0.4
Base-Exifter Setradee Yolage (1) 1 v . Y&
ac - 16w G+ 10 manc) Brinay) .08 ~9.83
nc-stm,l..-!.tu«) - o8
SMALL SICAAL CRARAZTIRISTICS
Current- Con— Dot Protct l, p s
%-‘3“. Vc!".\'t.!-lﬂm, T 300 . -
ININN %0 -
“ O it Capmrtiance ) N Iz
(Vc!D!.l\t.lxl&f-ltllu) - 43
Input Coapms ttarc e 3 C“ »r
(Vog * 0.8 Vi, I =8 14100 M) - 10
Iapt Lo prdine 1 Y Y sams
(7; eiryeiy Vg * 10V, £e 10 uR) 2908 bl :.: .
ININS B
Vol T retoact Ral [ » xir¥
n:f‘l.o —Ad. v::- 16 Ve, £+ 4.0 k00) Pl e [N s
ININOE 1.0 1
Small-# € Gals . 1
ﬁ; - ;.?-JA:.":;. 30 Ve, e 1.00M) IN3I08 e 30 1%
INIK 100 "o
Output Admittance u S e mboe
Ul = 3.0 mAse, Voo =10 Vee, £+ 1.0000) 138 Le ©
. ININOS 3.0 [ ]
4 Notss Figure e, 0 NrY L)
(lc'l“‘pl-k. VCIDS.OV&. l.-lvol ohm, IR - ::
14100 w 13,700 iabdans . N -
SWITCHING CHARACTER:STICS
Delay Time, Ve 38V Voo 0] Ve, IR i\ - n -
: v Time |l 10mAK. 1y, 10 mAk) e Y N m pos
Dtang.v Time Vee 3.0 V&, 'C .10 mAk, ::;: 21 1, : ;: .
P Time | ['a1 "l RO mA) 2308 .0 y . rm ™
ININOY . kel
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PN unijunction transistors desi@ﬁéﬁjfoé use in pulse
aend timing circuits, sensing ci;qdﬁis'and thyristor
trigger circuits.’

i

VALUE  UNIT

MAXIMUM RATINGS

RATING SYMROL

RMS Power Dissipation + = -: : Pp -300 cH
RMS Emitter Current . Ie 50 cA
Peak-Pulse Emitter Current - ia 1.5 Arp
Emitter Reverse Voltage VBogE 30 Volts
Interbase Voltage VB2Bl 35 Volts
Operating Junction Temp. Renge Tr -65/+125 ©C
Storage Temp. Range  # = © Tstg -65/+150 ©C

ELECTRICAL CHARACTERISTICS (T, = 25°Cumeniatew e ~oted)
g Characteristic . Fig. No. S ymbol Min | Typ | Max | Unit
ntrinsic Saadsif Rane® N 4.7 L N -
{v = 10V) N3 - 0.7%
BBl = ;W4 > : lot| - loss
{nterbase Resistance o 10,'11 R55 ) X 3hms
Voo " 30V g =9 W) a0 | 6o | 91
~terbase Resistance Tempeniture Coelficient 1l “’RBB T 'C
(VB'.'BX =30V, lE 20, T, * .65 to +125°C}) 0.13 - 0 %0
Esmitier Saturation Voltage®® ¥ i Volts
EBI(sal)
(vstl v, lE s S0 mA) . - 2.5
Modulated Interase Curreal 1 mA
B2(mod)
(me =10V, lE = 30 mA) - 13 -
Emitter Reverse Cucrent L LE PLY
820
(VB‘IE s30V, 'Bl = 0) - 0.005 | 1.0
Peak -Point Emitter Current 8.9 IP uA
(me 225 Y) - 1.0 S.0
< ¥
Valley-Point Current®® 12, 1 !V" ~ mA
(vBZBl’- 0V, RBZ s 199 ohms) 2IN4350 2.0 5.0 ° .
) 284371 4.9 7.0 -
Base-One Peak Pulse ¥oiuge 2N4379 3, 18 Vosl 3.0 §0 - valts
25437 59 3.0 -

FISURE 3 Y 4, TEST CIRCUMT

Vi
-Q
2209
LB Raz
10 %Q 189 Q

A

112 APPENDIX A

¥
veat ’ \

FIGURE § — PRR TEST CiRCUTT
AN WAYEFGRM

CUTTCICLE < 4% P 23508

FIGURE & — o TEST CIRCUIT

L3k 2

™ e § g —e——anf

—_—

4l
> 1010

0
01y

o

»

[ad
.
Q

AAA

fon
purrcrcnt or

A
vzﬁ ) - ——154
o CURRENT WAYEFDRM ThAY &
. ot
g N .
A0 . F T~
T T

My 10,0 FULL SCALE
10y duds weid 130 tobrmray 3% T 1Y b

VE-043VPIo10,A °
(RS20 .APVg-20V




National

LM175/LM275/LM375 oscillator

general description

The LM175'LM275°LM375 is 8 monolithic, ditler-
ential pair, general purposé "oscillator, It may be

used with crystal control or with LC gr RC tanks, > ~
Two output configurations are possible It may be
connected 1o the internal i;ola:ing butfer 10 pro~- -
vide sine or square wave oulputs, or 1o the internat 7 511
logic butfer with Output levels and switching times
compatible with TTL and DTL logic_circwitry, It_
provides 'exuerne!y'high temperature anid power

. e

supply versus frequency rejection. i R
< g “ o -
p & 4

The LM175 is soecified for operation over the 1A

-55°C 10 +125°C mititary temperature range. The . s

LM275 is specified for operation over the-~25°C
10485°C temnperature range, The LM375 is speci
fied for’operation over the 0°C to +70°C temper-” % ¢
"ature range. . H

2

’ =c

IndustriaI/Automo'tive/Fu,nctiona!
Semiconductor Blocks/ Telecommunications :

0.7 ppmIV -

and bitfer with TTL odtput”

5

features

® Oscitlztion up 10 200 MHz

. -

A

* Operation from Supplies from 45V 024V i
(L\bgic buffer maximum supply at 7.0V)
., Higk sippiy v voltage rejection, typically” :’ -

\
e i b e avinms i

L4 Log!tgmp\era_:qv_g_co-ef_!_isi_e‘ql,*typical_ly_' J8-7
005 pom“C

8 _Vasiable drive to crystal to limit dissipation

a e

. i - .

& Casible of fundamental or overione, seies or
e L

“paraliel mode of Operation

d Sea?rau power

<

no;fe isolation
T o 1

supply lead tor fogic buffer dor
+

N -

1
.

8 Low power di;sipation

schematic and connection diagrams

—o:

Dust-in-Line Package
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Order Number LM175D,
LM275D or LM375D

See NS Package DISGA 14
. . T Order Number LMFISN
Seo NS Package N14A
]
typical applications
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FIGURE 1. 10 MHz L-C Sine Wave Oscillator FIGURE 2. 1 MH: Crystal Oscillator with TTL Output 6
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. e ~
absolute maximum ratings e v e
i
Supoly Ogerating Valtsge P 14: v Storage Temizo 2 .r2 Rarge 1150 C
Suppty Operating Voltage tPun 131 v Operat ~g Termzerstaoe Rarge LVIT5 «125¢C
Osttersntial Input Voltage 1V Py 22 P b Sv N RS £ 4 §2.2.35C
R LV PePin3 SV Lwirs 2<wM0C
i Power Dusipaton iNer: 11 500 ¥ Lead Temper2ou -2 iSalnw rg 10 el o c
i
i electrical characteristics (T, =25 C. Ve # 5V urtess atherw.se noted] |
i & ror . )
4
PARAMETER' [ symsod | CONDITIONS [ [ vve | uNITS
DC CHARACTERISTICS e
} Power Supply Current (P.n 13} Irsia Vee ® 24V7 80 60 =A
R Pawar Supply Curient (P 13) Yps1) Na Lead atPin 12 10 60 ~a
= Oscrttatar Output Current lose R (P.nS)=1kid
4 7 - P.n 90p2n, Pin 10 Oc2n 120 130 PLIPY
Wl . Pin9 T3P 10 160 120 “daa
i P.a9Groundad Pn 10Coer 3¢ 363 wige
. Pun 10 Grounded, Pin9 Ogen °} 750 1000 PEYON
v A A
’ ~Bufter Qutput Currant faus N 25 30 [ YO
Lriq-c Sutfer Qutput Volteg? Ve ui trput LOW 21 27
. Japu: HIGH
lsc *16MA 20 =Y
The Followrng Specitications apoly to -85 Ce. Tp<*125C
Oscihator Quip .t Current lese R_tPn 3y 1al2
Pin § Qpun, Pin 10 Co2n 100 =Y
Ping TegtoPin 10 130 ud,,
P.a 9 Groundad, Pin 10 Cuen 250 Sd
P~ 10 Grau~ded, Pin 2 Qven | 600 -
Buttzr Quprnt Current bye 20 el
AC CHARACTERISTICS .
satinor Ga oo fat Tae- [Tt P 3 3c-7 T 10 Duen 14 ——=ls
P2n3TetaPalld 13 ekl 18
P §Goouni2t P10 Coen 35 Rt
Pn3lpen 20 10 Groarses 102 -
Ottarae 3 43 Saeiten 100 8550 R+ 3_ P +3 =530 200
Butrer Gaur fat T R&2) ™ aLE CPRLIRE - v )
]
20
Butter 3B 3ur ezl Ag A 2aly 5010
[REF TR PR o0 K]
Lamteng Vada 52 N
Lagc Bu'tar Rise Tume 20 BN
Logic Butter Foll T mae 20 ne
Note 1' For oparatiar 31 #iavitid t2moesdrures, “he JHuwcz o
temperitus2 aith 3 thermal r4istanes af 140 C W tor the ol CIP o
Arth @ sharmy rawsiane? of 150 €WV e the Dtasnie DIP vtk
. -1 . -. .
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electrical characteristics (con't)

aas

PARAMETER [symeoL] CONGITIONS [ min T 1ve Tmax | onirs -
oscit I.'ATOR CHARACTE RISTIFS iSee pg—."’ara- Corcunt
Frequency ve Pover S.ppty . .
Re.ectun ) EVI Ve o~ 0V 0t . ppm V
S ? Lo
Freqcency vs Tempretme = |-» i il = - .
. Feection - —_— - -58 C T, <125 C L6051 ppm € -
1 3 N -
toea Putl «Chang: 1n I . . ,z ; . :- . . awe g
Fregiency vs Chonge in : L S G I
Buler Load Impedance’ - O« Ry o i~ (R oot | -~ -ppA T L
1 . ' e . N RN .S . :
INPUT-OUTPUT TERMINAL CHARACTERISTICS 1= e o -
O lis*or Irput Revetange R ] Alrimur Correns jq B foan .
i o =~ Narimgmr Cetrent 45 | _ ¥e] P
Re Mirirom Cusrent 10 T e - i
Mo .mum Cutrert 45 [Sas !
Oxc-hator Inpat Capactince Ca i 3 oFf
24~ Ce . 3 oF '
- $
Osc:ta10° Qutput Resssance A, Atinenen Currens 100 (%2
: Maerom Curress 30 [
Oscitetor Output Capac sznce C, . 3 oF
Botter Input Resstarce R, 10 (X4
: R, 10 Koot
Bulfer Irput Copavitance c, 2 pF..
. c, 2 oF
Eutler Output Reyisten. e R, 100 134
Eufter Output Cagacitance C, ) [13
Loz Esffe Inpot Resstince Ry 12 L3
Lozw Botle Input Canas Ci 4 - oF

typical oscillator circuit connections

Frequency omc Ootout Voltage
‘o1 Parallet Tunec VEXO

s avo

10 7 MM: Vohtage Cortrolied Crystal
Osc Nlator Paraliel Tuneng

702 600

W 102300
) 000
16 3¢2 200

timel

‘1any

.
Srare

W e00
Y0 0L 600 ¢

Wshe0e

£ 69% 000

Shrvitag S V2981 Myporaiiayr
POP Epries firnge

ED
¥
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typical oscillator circuit connections {con’t)
10.7 Mz Voltage Controtted Crystal
: OCscdiator Series Tuning
|
3 Frequency 3nd Qutput Voltage
for Series Tuned VCXO
, 18,108 19¢ ._’_J._ =
.? 10,108 229 '_.}/: :
: 10,303,508 A e
i H
. A1 1
R ras=sazeal =~
V g 1 ¥ 2 "%
= 18008088 7/ ‘\v,u. L 5
rosseres Ly 1
630,008 o — : R
10637208 [ f i 1] I H LI I
10,635 800 I L wha T - & H—
. W ®m oW o ¢t 4 3 = . .
Veomraoe _IE ?I.., I
W emesn XVIIN e
. By s sbrupt jvactree ?
s e fode.
10.7 MH2 Series Resonant Ceystal Qscrifator 10.7 MHz Paraltel Rasanaent Crystat Oscillator
LA
ST otet
ki
I———ﬂ:‘-t."" |
fl e o
I i 3"‘ ._L_'!__:'
ks
f 4& .
W
* . N
Sum 7
ra W, I
[ R
Tt-ﬂl
. typical performance characteristics
'PSN vs Tampuraturse
lps“nVcc(T,\'ZS (] tvee = 12V} tosc v Vee Ta=25C
0 " 128
I 1 T T ————
" ~ 0 ! L _ ‘L/ - }I——-" P13 580
»” 4 g
10 Lt 1 T 1 lll"lﬂ'ﬂﬂ‘-;—-— 1304 I rrt
- e E M 1LY -
i n i 'JI-~{- + T m i
2 : ' { e
£ 0 a1 : ! 3 420 s 29340 -
L] ! L) I =]
58 VLEGRY L - e = oy 1
o L mcru) . ( :"’;::.\_i_ " Fraasen ! | | i L}
~ r 1 — ry .
e [T . LI Ll
P . L L 1) s o TR T « 8 o owo noon
Ve (V) TEMPLAATURE L C Ve (P15 14)
-— ~ _ R
e = e e o g e —_ - e
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typical performance characteristics jcon't)

- R P S RS v .
10sC vs Tempernature Phase Shift from Pin § - . e v o h3 {V:' }
Vee * 12v toPinS £ OSC Stape Bandwidth " o - {

T e " o o
£ o Vecr v M K - it N )
un e il (YT r-\‘: 120 | rgesoa !. . 10 -:’A' (P END i er
.M N E oy, LMt i) e i | Vil £
H P B : |
1000 H Tar st P10 5 o ALY s N Rl ;
3 l S & H e TN ¢ [ e
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Phaie Shd1 from Pind " R W N
Y ie DwPms o3 . OSC Buffer Bandwidth ’-
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- Veo Y i MR By
20| a0 aii 3 Vec » #¥ ”m, 1] N
2 Taen 1 £ g phri - S !
H Te¢ h H s 8o 50, ';g'; h
S = = ene ~I.' o
g i R S 031 L0
= ihs = RIS IR
5 I 2 sl (1
Tz R s A8 st o .
oo 2 g , i :
g Jiti s NS
g Shre - | -
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ALY e i _
" 1 1900 T
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dc test circuit
" o v Momsies .
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1 3
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National Voltage Comparators

Semiconductor ;

' LM139/LM239/LM339, LM139A/LM233A/LM339A, LM2901,"
LM3302 low power low offset voltage quad comparators

general description

!
E The LM139 ser:2s consists of four 'ndependent 8 Ehunates need for dust sapphies
1 precision voltage comparators with an oftset volt- 8 Altows sensing nesr gnd -
i age specificatiun s low 33 2 mY max tor al! four » Comparible wnth 3l foims of logic
t comparators. These ware desigred specifically to e N . e for bt oper
, operate from a single power supply over ¢ w.de ower  deain siutablz for battay gpo,.an?‘(‘
rang2 of voltages. Operation from split power features
! supples is aiso pos,-ble and the low power supply »
! current drain is ‘ndependant of the magnitude vt & Wide single supply voliage range or dual sup-
— ' the power supply voltage These comparators also phas
: 3 have 2 unigus characteristie n that the input LM139 series, 2vpc 36 Vpcor
. " common-modz voltags range wcludes grourd, - LM139A saries, LM25C1 st Vpcto t18Vpe
- even though cperat2d from 3 singte powsae supply LM3302 3 2Vpe o 28Vpe
voltage. - or o Vnc te 214 VpC

8 Vury low supply current dran (0.3 ma) -

'Apph-:a!ion ar2as i~ciude lumit comparators, simple
widependent of supply valtsg? (2 MW, compars.

analog to digital converters, pulse, squarewave and

~u

time celay generators, wide range VCO, MOS clock *or at -5 Vge)

nmers; multivibrators and high voftage digital logic & Low input brasing cus rert 25 nA

gates. The LM139 series wis designed to directly ® Low input affsat current =5 nA

interface with TTL and CMOS. When oparated and offset voltag? 3 mV
i from both plus and minus power supplies, they ® Input commen mode valtage rarje includas 3d

will directly intzeface with MOS fogic- where the
low power drain af the LM339 is a distinet advan-
tage over standard comparators.

& DOiffarent.a! put voitigs rang2 2qaat to the
power sunply voltage

® Low output 250 mv at 4 mA

advantages saturation voltage :

® Output voltage compa:bie with TTL OTL,
ECL, YOS snd CMGOS iogw systzrys

8 H.gh prac.sion Compaerators
® ‘Recduced Vg drift over temperaturs

-

schematic and connection diagrams _  Ouilobe od Pl ieton

v i v 2 tu * . :

7

weret I R T T [ O T N

100 ven

Order Number LM1330, LM11%AD, Ov¢car Numbee LAM139J, LM133AY,
£M239D or LM239AD LM2394, LM239A4, LMJ33,
See NS Pack2ge DI14E LM339AL, LM2901J or LM3302)
See NS Package J14A

Order Number LM139F, LM133AF,  Ordar Mumber LMIJIN, LM3IJ9AN,
LM239F or LM239AF LM2901N or LM3IJ02N
See NS Pachage F14A Sen NS Package N14A

Basic Comparator Oriving CMOS _ _Driving TTL . L
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typical performance characteristics LM139/LM238,LM33g, LM132A/LM239A-1M3304, L M3302
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application hints

The LM139 series are high gain, wide bandwidth
devices which, like most comiparators, can easily
oscillate if the output tead is inadvertantly allowad
to capacitively couple to the inputs via stray
capacitance. This shows up only during the output

' voltage transition intarvals as the comparator chan-

ges states. Power supply Dypassing 15 not requirad
to solve this problem. Standard PC board laycut

Jis helptul as it reduces stray input-output couplirg.

Reducing ths input resistors 10 < 10 k2 reduces
the feedback signal levels and finally, adding even
2 small amount (1 to 10 mV) of positive feedback
(hysteresis) causes such 2 rapid transition that
oscillations dua to stray feedback arz2 not possible.
Sumply sbcketing the IC and_attach:ng resistors to
the pins will cause input output osedlations during
the small transition intervals unless hysterasis is
used. If the input signal is 3 pulse waveform, with
relativaly fast rise and fall times, hysteresis is not
requirzad.
¥ ’

All pins of any unused comparatars should be
grounded.

The bias natwork of the LM139 series establishes a
drain current which is independent of tha magni-
tudz of the powser supply voltage over the rarge
of trom 2 Vge t0 30 Vge.

It o5 usually unnecessary to use 2 bypass capacitor
across the power supply line.

typical applications vt =15 Vge)

AND Gate

One-Shat Multivibrator

The differantial irput voltage may be larger than
v* without damaging the device. Protaction should
be provided to pravant the input voltages from
going negative mare than -0.3 Vpe {at 25°C). An
input clamp diods can be used as shown in the
applications section. ’

The output of the LM 139 saries is the uncommitted
collector of a grounded-amitter NPN output tran-
‘sistor. Many coilzciars can be tied together @
provide an owipt OR'ing function. An output
pull-up resistor can be connectad to any aviilable
power supply voltaga within the peemitted supply
voltage rarge ard thers is no restriction on this
voltage dug to tha magnitude of the voltage wh ¢ch
is applied to the V¥ terminal of the LM139A
package. The output can aiso be usad as a simple
SPST switch to graund {when a pull-up resistor is
not used). The amount of current which the
output device can sink is limited by the dr've
avarlable {which i3 independent of Vv*) and the 3
of this device. When the masimum currant liemt
is reached (apprcumately 16 mA), the output
transistor will come out of saturation and the
output voltage ~il rise very rapidly. The output
saturation voltage s limited by the approximataly
60Q2 r,,, of the output transistor. The low offset
voltage of the ouiput traasistor {1 mV) allows
the output to clamp essantially to ground level
for small load currents. )

OR Gate

:
g ™
v
A ) I
3 O—AAA
v - -
— -
81 Stable Multivibrator
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typical applications {con‘t) tv* =15 Vo)
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Squirsweve Oxcillstor Pulse Genervior
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typical applications (con’t)

(vt =5vpe)

Mon-lnverting Comparator with Hysteresis

*38.36)C S43L
MONOUT AL W NUTTIN

Camparing Input Voltages Basic Comperator Output Strobing
of Opporite Polarity

puy

D derrurs

2ty

A"

s

teiorm

‘#’—‘ '.

Limit Comparator Crywel C *Oncillator === IS
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typical applications (con‘t) v*-sv,.)
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National
Semiconductor

e —

LM555/LM555C timer

general description |

The LM555 is a2 highly stabls Jevice for Gere-sliry
accurate time Jalayi or oscillation. Addiuonal terminals
are provided for triggering Or resetting if desired. In the
time delsy mode of operaticn, the tire is precisely con
troled by one exterdal res.stor and zapacitor, For 3stable
operation as an oscillatar, the free runaing fraqueincy and
duty cycle are accueately controtlzd w.th two external
resisturs and one capacrtor. The circuit may be triggerad
‘ard resdt on fatling wavefurras, and the cutgut circuit
can saurce or sink up to 200 mA ur driee TTL wircuits.

Pr—

+

features -

8 Dirzct raplacemect for SE355 NESSS
® Timirg from microsecunds through hours
® Operates in both astabis and minostibie modes

¥

industrial/Automotive/Functional

Biocks/ Telecomniunications

4 Adjustobee duty eycle
B Outpnt cansgurce 67 sink 206 10A
® QuipLt ond supsiy TTL compatdle
® Tormperature stuoihity beitze thar 0.0054 ':n! *c

8 Normal'y on and aormally off o.tput
ki

applications

Preciion tuning

Puise Jereration
Sequential iming

Time delay genaration
Puise sdih mcd-g:atbon
Pulse position qvodu'aticn
Liresr ranp 32nerator

schematic diagram
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connection diagrams
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Order Nu<iber LMSSGH, LV553CH
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absolute maximum ratings

Suppty Voltage +18v . )
Power Dusipation {Note 1) 600 mW .
Ope:sting Temperature Ranges
L12555C . . -« .. D0'Cioer0°C e - -
LSS . 3 —55°C 10 4125°C - -
S:iurage Temperatute Range —GIS‘C 10 +150°C . .
Lezd Temperature (Soldering, 10 seconds) 300°C . * HIN
., B PRGN ‘f— - — o *
- - - -~ - hd o, . \
electrical characteristics (T, = 25°C. Ve = <5V 10 - 15V, uniess otherwise specfied) &, ~- -~
L S P ! LTS Y
PARAMETER - CONDITIONS = - LMESS T T imsssc . UNITS
MIN TvP Max MIN TYP MAX
S.coly Voluge . o8 18 45 ‘16 v
Susory Cutrent Vee s SV R, == 3 5 3 ' ma
Vee * 18V R, == 10 12 10 13 mA
a7 ] fLew State) INote 2) _ N
Timag Error, Nonostable o 9
fntiat Accuracy ] 08 2 1 N *
Daitt with Temperature Ra. Ry + 1h1c 1004, 30 5 e | 50 9 1 somfcC
C =0 F, (Note 3} %, R
Acturazy over Temperature 15 30 1 15 ° “
D1 wan Supply 005 0.2 0.1 % v
Timmg Errer, Astable 1
Intal Accuracy 15 ] 22% L ? KN
Dt m}r.'hmpunurg . 80 150 pem *C
Accuracy over Temperature 2% 30 | 5y
Dt weth Supply y G115 c2 0.30 05 %V
Thrresole Veltage 0667 0667 * Vee
Teppr Vottage R Vee 7 15V 4% % 2 s v
Vee * SV tas 167 1.9 1.67 v
Trigart Curren [ (3 0s (13 Py
Resrt Voltage Ca es ] G4 0.5 1 v
Reser Cureent 01 ] 0.1 .0a A
Thres old Current {Note &) 01 028 o1 02% oA
Corred Vorage Leve! Vee » 15V 96 10 104 9 10 1 . v
. Vee * 5V 29 am 3s 26 333 4 v
Pin 7 Lesdage Outpret Hiph 1 - 100 1 100 nA
Pin 7 Sat {Kcte )
Quput Low Vee » 15V, s 16 ma 150 180 mv
Cutput Low Ve = 4.5V, 1, « 45 mA E 100 80 200 ~v
On 13 Vokage Drop (Low) Vee * 15V
Isine * 10 mA 01 015 01 025 v
lgmq = 50 mA 04 05 04 075 v
g = 100 mA 2 22 2 25 v
T * 200 mA 2s 25 v
Vec = 5V
Igmx * 8 mA o1 025 v
tsine = 5 mA 025 035 v
Cotpat Voltage Drop (Highy lspuncg * 200 mA, Ve » 15V 1285 125 v
Iscunmce = 100 mA, Ve = 15V 13 133 12.75 133 v
Vee = S5V 3 a3 2.5 33 v
Rise Tame of Output 100 100 ~
F a1l Time of Dutput ' 100 100 "~

Note 3: For operating at elevated temperatures the device must be derated based on 8 +150°C maximum junction tempecature and 8 thermal
resistance of +457C/W junction 10 case for TO-5 and 4+ 150°C/W junction 10 smbient for both pachages.

Note 2. Supply current when output high typically 1 mA less at Vee = 5v.

Noted: Tested a1 Ve * 5V and Voo = 15V,

Note 4: This will dererming the maximum value of Rp + Rg for 15V operation. The meximum total (Rg + Ryl is 20 MO

Note 5. Nc protection sgainst excessive pin 7 current is necessary providing the packspe dissipation rating will not be excesded.
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typical performance characteristics

Minimum Pulse Width
Required tor Triggering

MNIMUM PULSE MIDTH L)

L] “n a2 [ &) “
LOWEST vOLTAGE LEVEL OF TRIGGER 7ULSE (X Yeo!

ki

Low Output Voltage vs
Qutput Sink Current

Yo ImAl

QOutput Propagation Delay vs
Voltags Level of Trigger Pulse
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applications information
MONOSTABLE OPERATION

In this mode of operation, the timer functions as a
oneshot (Figure 1). The external capacitor is initially
held dnschuged by a transistor inside the timer. Upon ap-
plication of a negative trigger pulse of fess than 1/3 Vee
to pin 2, the flip-tiop is set which both releases the short

circuit across the capaci_lor‘ and drives the output high..

' B
N LIALEY] ,
II DI -
- - e 4
| - $
<
[ ~
oot | cnange
DORMALLY Ot 2 ? orcnane
o8 \paz
5 “ Tan
] LSRR LY
} coaTao,
ouTyT . 3 vo.vagE
r ) 5 j_ ——
BORmALLY L) 4 s
LTI 4 ‘-I - t
an,’
T - I

0o
- - =
o B =

s o5 FIGURE 1. Monosusble
The voltage acrois the capacitor then increases exponen-
tialty for 8 period of t = 1.1 R, C, at the end ot which
time the voltage equals 2/3 Vce. The comparator then
resets the flip-flop which in turn discharges the capacitor
and drives the output to its low state, Figure 2 shows
the waveforms generated in this mode of opetstion.
Since the charge and the threshold level of the com-
parator are both directly proportional to supply voltage,
the timing internal is independent of supply.
t 1%

N N -

i ,l I
1
t |
/7 /] A 3 1A
! ral
Ve ¢ OV Yoo Tam bouwt B¥/Bm
T - flawtry  Bth Tum Bowr WWPe
&, co%n Sures Tam Lavrts ¥omg IV B

toans

FIGURE 2. Monastable Waveforms

During the timing cycle when the output is high, the
further application of a trigger pulse will not effect the
circuit. However the circuit can be reset during this time
by the application of a negstive puise to the reset
terminal (pin 4), The output will then remain in the Jow
state until a trigger pulse is again :pphed

When the reset function is not in use, it is recommended
that it be connected to Vee o svoid any possibility of
false triggering.

Figure 3 is 2 nomograph for essy determination of R, C
values for various time delays.

ASTABLE OPERATION

¥t the circuit is connected as shown in Figure 4 (pins 2
snd 8 connected) it will trigger itself and free run as 8

€ = CAPACITARCE {F)

-
-

Walls Tom HmtiCon s 10 10C,
TOTTT T eTmionay o -
i

FIGURE 3. Ylm D-luy J
multivibrator, The externsl capacatov charges through
Ra + Rg and d-u:harges through Ry. Thus the duty
cycle may be prec-sely set’ by “the ratio of these two
resistors. s 7 :.

——

:

oLk H
i:., ! - ?I‘T»-T

FIGURE 4. Astable

In this mode of operation, the capacitor charges pnd
ischarges between 1/3 Vee ond 2/3 Ve, As in the
riggered mode, the charge and discharge times, and there-
fore the frequency are independent of the supply voltage.

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

i |
7 - 1
Pl :
RN
R D LA
LN A
e 1 1
| |
Vo WY Tow Tosw Boupet §¥/0m
Vgt c Moy, Botan Tnw Copsene Youg 1V/Bw
A, * 3800
Nedn
Ceams

FIGURE §. Astabis Wyvetorms
The charge time (output high) is given by:
0.893 (RA + R., Cc

And the discharge time (output low) by:
12 =0.683 (Ry) C

Thus the tota! period is:
Tety+1,=0683 (R, +2R,)C

D P ap—
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applications information {con’t)

The frequency of oscilhliqn is:
1 1.44

AT (Ra+2RgIC

N

Figure 6 fay be used for quick determiration of these
RC vatues.
Rg

R4 + 2Ry

The duty cycle is: D=

€ ~ CAPACITANCE (.FY

L1113}
[ L] [LIRE I %

V- FALE RUSNING FALQUENCY M2

FIGURE 6. Free Runaing Frequency

FREQUENCY DIVIDER

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

e

e B
Vet WY Too Trun Comos 49 3 .
Tt B Brote Tuacs Jmopee B S
YT Sartem “cna fowm e ¥ Iv
R R IR

FIGURE 7. Frequercy Divider

PULSE WIDTH MCOULATOR

Whea the timer s connected in the monostsble mode
and triggerad witn 3 cantinuous pulse train, the output
pulse widih can be Tcdulated by asignyl applied to pin
S. Figure 8 shows the circuit; and in Figure 9 are some
veaveform examgies.

v, b Top Frmee Wises® .2 10 3w
fwf Jlm 2y B3mae T aee JupetlY Ja
LS AL

(XTI

_FIGURE 9. Pulse Width Madulator
5
¥

PULSE POSITION MODULATOR

This application uses the “timer connectad for astable
operation, as in Figure 10, with 3 modulatirg sigral
again applied to the control voltage terminal. The pu'se
pos:tion varies with the modulating signal, snce the
threshold voltage and hence the time delay is varied.
Figure 11 shows the waveforms gererated for a triangle
wave modulation signal,
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2
“QluLarige
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FICGURE 10. Pulsa Pesition Modulator
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wa0.LATION FIGURE 11, Pulse Poution Modutator
ourret ol . wrat -
1
LINEAR RAMP
. . = When the pullup resistor, Ry, in the monostable circuit
— FIGURE 8. Pulye Width Modulafor ~wi- oo --—e {8 replaced by 8 constant current source, a linear ramp is
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applications information (con‘t)

oinested. Figure 12 shows 2 tircuit contiguration that
w' perform this function.
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LI FIGUAE 12
F.go1€ 33 shows waseforms pe-erates by the Lingar ramp.
he e intens is pvdn by:

2'3Vee R (Ry 4 R2)C
t ]
Ry Vee =Vige (Ry# Ry)

Vge = 0.6V
. [
" iy oy {418

T T Yom a3 Do

TPy B Cem B De
PR Prvee “ew Lamne S owp 18 Ba
e,

L R TY)
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FIGURE 13, Lines Ramp

50% DUTY CYCLE OSCILLATOR

For a 5% duty cycle, the resistors B, and Ry may be
€onnelie a3 in Fipure 14. The time period for the out-

put hogh is the same @y presiods, 1, = 0.693 R, €.
For the output lew'it is 1, =

{'R, BB, 4 Rgll Cln |8 2Re
;l * <+ n ————
FUERTA TR T R, - R

iy . T an
"o - - .

Thus the frequency of oscliatibras {8 —— |
! YT

LTI, .
(¥ 3 ‘ 1 3

FIGURE 14 $0M Duny Cycle Oscillstor

Note that this circuit wall not oscillate if Rg is preater
than 1 2 R, because the junction of Ra and Ry easnot
bring pin 2 down 10 1/3 Vo #nd trigger the lower
compasator. \ .

ADDITIONAL INFORMATION .

Adeguate power supply bypassing is necessaty 1o protect
8330¢ia1ed circuitry. Minimum recommended is 0. 1u4F in
paralie! with 1.F electrolytic.

Lower comparazor _Storape time can be 25 fong a5 10us
when pin 2 is driven fully 10 g-ound for triggering. This
flimits the moaostadle pulse width 10 103 minimum,

Delay time reset 10 output is 0.47ps typical. Minimum
fesel pulse width must be 0.3us, typical,

Pin 7 current switches within 30 ns. of the output
{pin 3! voltage.
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National
Semiconductor

i
!LMSSG/LMSSSC dual timer

general description

!The LM556 Dual timing circuit is a hizhly stabi2
'con.rol'-r capadle of producing accurite tme d2ti,s
-or oscittat'on. The 356 is a dual §35 Timirg s prov: ded
by 3n exizraal ressar ard capicitor for exch tmirg
_function. The two Lmers Op2rate ndependerty 3 2ach
_other sharing orly Ve and jround. The circuits Tiay be
' ggersd and reset on fallirg wave'arms. The ouiput
f gtructuras may sick or source 200 mA.

i

features

8 Direct replacarment for SE3E6:
8 Timing from microsecands thraugh haurs

8 Operites in both astatie ard morosiabte mades
8 Replaces two 553 timers

oma

NESSE

lndustnal/Automotlve/Functlonal

Blocks/ Telecommumcahons

® Adjusiable duly Sycle

& Outpyt can scurze or 5.nk 200 mA

® Qutout ird supply TTL compatbiz

@ T:rzeriturs stibilty better than Q0G5 per C
& Normslly on and noe ally off output

applications '
Praciiian LTerg

Puise jeneraton
Seguenndl Uy

T me detay je~erat 30

Py se w dth madilaton
Pulse penit 2n madila® on

U nearcamp gerersty

schematic diagram
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connection diagram
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. moo
x 5 - .
. - [y AR '
. - - e . i .o
absolute maximum ratings - ; R ! : ks <[ -
" i . ‘4 i ' ' '
Sapply Veitage . R 18v P
Power Das petion (Note 1) e v 600 mW
Operating Temperatire Rarges N NS
. 2. . -
LN556C 78 0°Cto+70°C B
Y 3 ¢ " . 4
Lmesg -~ # 1 =~ g55Clo4125°C st v s L
H < - “ . .
Storage Temperature Range ~€5°Cto+150°C ~» - gt e PR
- f ¢ . W -~ -
Leac Temperzture (Soldering, 10 seconds) 300°C S S SR Y I
. AL <A
“electrical characteristics (1, = 25°c, Vee = +5V 10 415V, unless otherwise specitied) s
V556 LVESEC . .
PLELNETER CONDITIONS
LY TYP MAX MIN TYP . Max - mITS
St s Verape [ R TR g I 1€ v
Srtn Lrvetammme — | ymegv BT e T R s 3 N TR
Bort T Lec or) Veer ML B - R (] ALl i W " -a
— Tlow S1ave iste - —_ -/~
T- s E-w Vi-miabie - .
" 1e Ezoox, 4 (08~ 1t €% L0 .
O e Se=otranre Fo By T a0 C-CF N 30 S0 N oo C
hNz1e 3 = - . o ce T -
. . : I DR IS
Aczrote Oves Tempeatire A% L] 15 A}
DsramSooon 008 o7 W 01 o4’ Tl avT |
Tem g £ Araoie d i -
ot ctoern, - 2 18 725, ? .
D e Temorrsture : e e -} v 150 pom “C
e ot Yompe-aioe 25 3¢ \
O vw Sz oIS 02 (2] s v
Togyic Vrrage Ve ® T8V zE H L] 45 ol | (1] v
Ve o &V vae frer, < 125 1€7 20 v
Vo990 Cornnt | | G)0N -~ (3] b 0s T2 10 -8
b 12
Bee V' 2 Nt 4 pe cs ) 0z 05 1 v
Eeser Coems c 04 Al 66 ~A
Torerns 2Cven: W b ) 1 co3 £t co3 o s
Corte \z2pr Leve Ang Vee v TEV 9 LK X 2 10 ws ] *0 n LV
Theestoc B tape YTRE 3 iz 33 3s 2¢ 33z 4 v
Pt 30 Lane by Sutdet Mg 1 W00 - A 190, rrh
Fir 1 115 Nz € y
Cumar2am Vec * 15V de it -a 150 220 180 300 ~v
Cuoonr 2o Ve *88v tsst-a 0 0% 8 200 -v
Outo: Vooage T90 (Loal Vg v 15V b 3
g e * -2 [ AL R} 028 v
Iy ae @ 5T~ (X} 13 2] [4] v
fg e 102 ~a < 72 ? e v
Isae 22X -4 s 28 v
. Veg » 8V ]
P o1 02 v
e vE-2 c2s o35 v
OBt Venge Tae thgn) PEMYTILR L LI PP i N 125 128 v
Byo.mcs ® 100 =A, Ve » 18V 17 1213 W2 133 ) v
Vee * 5V 3 31 378 33 v
LL hte g X0 100 e ~
For Yoy 20zt 00 18 "
WMotz o Crwracoveuties hote 7}
(29 Trog Kreoracy oes 02 01 20 »
Trng D2 % th Temperature 20 210 pom/C
D% WaS_pzy Vorage . o 0.2 02 0.5 >V
Note 1: For operating st elevated temperatures the device must be dersted based on 8 +150°C maximum junction tsmperaturs snd s thermel
resistance of +150°C/W junction to smbient for both packages.
Note 2: Suoly current when outbut high typically 1 mA fess st Vee = 5v.
Note 3: Texced 2t Vo = 5V and Ve = 15V,
Note d: As wset voitage lowers, timing is inhibited s1d then the output goes low,
Note 5: Tha will dete-mine the maximum va'ue of Ra + Rp for 15V ooeration, The manimum total (Rp + Rg)is 20 MO,
Nots 5. No protection egeinst excessive pin 3, 13 cuerent is necesssry providing the package dissipstion rating will not be exceeded.
Nots 7: Maxhing charscteristics refer to the differsnce between Serformance charscteristics of each timer section. *
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DESCRIPTION
The NE584 is a versatile, high frequency

——~—Phas¢«h ked Loop designed for operation
9C

e ney

;. cessor. !

up to SOMHz As shown in the block dia-
gram, the NES64 consists of a VCO, limiter,
... phase comparator, and post detection pro-

H

X *APPLICATIONS

e High speed modems
e FSK receivers and transmitters
T e Frequency synthesizers

e Stgnal generalors

TYPICAL PERFORMANCE
CHARACTERISTICS

FEATURES e e

LOCK'RANGE vs SIGNAL INPUT

1007 ey -

q% T
4T

1PN, 400uA

[ N

‘.'ﬁu,"’ul

i
1

. ]
L

(N

INPUT SIGNAL LEVEL-mY

2 \ 'o Sum
i \\i/[s |
N %) ! ¢ . i [ 1

| 67 38 09 10 11 12 13
NOAVALIZED LOCK RANGE

VCO CAPACITOR vs FREQUENCY

NN
RN

10 A~

CAPACITANCE pF
3

1 1 10 107 100 104 10
FREQUENCY aH;
. -~

02

PHASE

\_PIN CONFIGURATION
¢ Oparation with single SV supply o, ... 5
¢ TTL compatible inputs and outputs w i N PACKAG‘: .
¢ Operation lo 50MHz ;
* External loop gain control v- [o] ) I, (N
* Reduced carrier feedthrough 1508 Gaea Comeeat [F] 5] Mrstermn €
¢ No elaborate filtering needed in FSK ap- ey e e FT aang s,
plications " -
¢ Can be used as a modulator : ’:. & 2 e s,
* Varlable loop gain (Externally Con- s e (5] [ Froe sere
trolled) * 2t ome (3] 7] +C0 oot
Biae Firer [: 3 g
Grawnd [ 3 Z] v':_‘a'-..-;..:
P [E S s .
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING ! UNIT
Ve Supply voitage . !' v
Pin 1 14 . |
Pin 10 6 ,
Pp Power dissipation 400 l mw
Ta Operating temgerature 0to70 | °C
tstg Storage temperature -65 to 150 °C o
L]
BLOCK DIAGRAM -
———————— 14 T mTm T —r
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FUNCTIONAL DESCRIPTION Equation 1 .
The NES584 is a monolthic phase locked C tin-ty)

loop with a post detection processar The 7 RS

use of Schottky clamped transistors and
optimized device geometries extends the
frequency of operation to 50MHz. In addi-

tion to the classical PLL applications, the

NES64 can be usad as a modulator with a
controllabie frequency deviation.

The outputvoitage of the PLL can be written
as shown-in‘the following equation:

K, 20 =comersiar gain 9f the VCO 11aa hgarg”
f.a = trequarcy of the input sigral
fo  =ir2e runnung Iraguency of :he VCO

Tre procass of recovering FSK signals in-
vcivas the conversion of the PLL outputnto
digitai logic coppatible signals.For high
data rates, a considerable amount of carner



pC ELECTR'CAL CHARACTERISTICS V=8V, Tp- 25'C unless otherwise specified oo K

be present at the cutput of the PLL due to

the widetand nature of the loop filter. To equation justable hysterisis 5o that phase jitter in the
avoid the use of comPlica!ed filters. a com- Equation 2' ] output signal can be eliminated.

parator with hyster:sis or Schimitt trigger 1s As shown in the equivalent schematic, the
requ:red. With the conversion gain of the 1o "le_nic“ dc retriever is formed by the transconduct- .’
VCO fixed. the outzut voltage as given by & ance amplifier Q:z-Oa3 together with an o
Ecuation 1 vanes acco:dmg 1o the fiequen- REY W hr P Rsn 1000 N7 ERNAL external capacitor whichis connected atthe
Cy deviation of f;, from f 5. Since this differs e p heoue"’v setiing external capbeitoh amplifier output (pin” 14). This forms an iy

from system tc system. it is necessary that

~ of the oscillator is shown in the feliowing

) i . LIMITS :
PARAMETER [ TEST CONDITIONS - UNIT
LT Mm—L Typ Max
Leck range { f Va - o5C 1 A0DuA 25 : 40 %
. Fraquency of operation of VCC i - - 45 | 50 MHz
' i . - |
- Frequency drift with temperature T TATOCoT0°Cl g T SMHz i 400 850 ppm/cC
- - Frequency change with supply va‘!ace ; ¥ oyssasy 10 55v - ' ‘ 3 6 %V
—_- Demodatateg output voltage : 1 3% input deviation = | 10, 14 mVrms
2 0% input deviation, g = SMHz 100 & 140, | e f . -
T Output voltage Lineanty — —— e e - e 3 - r %
. !
' $ianal to noise ratio : — N L l L. . .40 cB '
AN rejection | ‘3 s o35 daB
i lece Supply current o et 2 Sl BV ey e e 2] & o o 30 40 - mA
. ies O\ | b B it §
:!- I'Lc Leakage current ! SN g 2 b, S ) 3-, 1 10 LA .
i Output current g , ' Ping g 6 mA
‘} v Supply voltage ( Fin 1 . 45 12 v
i Q ! Pin 10 « 45 i 55
o= - . . " A '
o : o A3 VN ; - .
: QA YR R
’ ‘N E S . "\ FR i

FM demodutation: The comparator has ad-

integrator whose output voltage is shown in

b

the hysterisis of the Schmitt trigge: be ca-  variation &f Vg {phase deteclor output voli- the foliowing equahon . -1

pable of being chznged, so that it can be age' changes the frequerncy of the oscilla-  Equation 3

ostimized for a particular system. This is {5y As indicated by Equ=tion Z, the frequen- om ) oy
accompished in the £54 by varying the ¢y of tne oscillator has a negative V(s T,—f Vin o

voitage a1 pin 15 whichresulisina change of - temperatute coethcient due to the positive ..

the hyste*isis of the Schmitt "i999’~ temperature Coe'llcl(‘nl_ol the monolithic 9m = tran sconductance of the amphhier

For FSK signais. ar important factor fo be  feststor. To compensate for this. a current 'R C: = caacrtor at the autput pin1g) = ;.
cons.dered is the d:ift in the free running with negative temperzlure coeflicient 1s Vin : signat voltage at amphtier input
freauency of the VCO itselt if this changes  1troduced {o acheve 3 low fequency d it o
duetctemperature.accordingto Equation1 Wb teraperature. With proper selection of C,, the iftegrator
time constant can be vaned so that the

itwill lead tc a change in the dc levels of the
PLL output. ard consequently 1o errors in
the digital cutrut s:gnal. This is especially
true for rarrow band signals where the
deviztion in 1, itsel may be less than the
change infg due totemperature. This effect
can be eliminated if the dc or average value
of the signal is retrieved and used as the
reference tothe comparator. In this manner,
variations 1n.the dc levels of the PLL cutput
do not aifact the FSK output.

Phase Comparator Section

The phase comparator consists of a double
balanced modulator with a limiter amptifier
to improve AM rejection. Schottky clamped
vertical PNPs are used tc obtain TTL level
mputs. The loop gain can be varied by
changing the current in Qs and Oys which
elfectively changes the gain of the differen:
tial amphfiers This can b°acccmph<he~d oy
v..troducmg a current at pin 2

output voltage is the de¢ or average value of
the input signa! for use in FSK, or as 2 post
detection filter in linear demodulation, .

The comparator with hysterisis is made up
of Q.-Oy with positive feedback be-ng
provided by Q,,- -Qus. The hysterisis is vaned
by changmg the current in Oy, with a result:
ing variation in the loop gain of thecompar-
ator. This method of hysterisis cor(:trol
which is a dc control, provides symmetric

VCO Section ". Post Delechon Frocessor variaticn around the nominal value. YCO So-
Due to its inherent bigh frequency perfor-  Section Ceetc o
mance. an emitter coupled oscillator s used  The post detection processor consists of a manze 2=
in the VCO. In the circuit, shown in the unily gain transconductance amplifier and wothe U
equivalent schematc, transistors Q;, and  comparator The amplifier can be used as a eluneen
O3 with current scurces Q,4-0;¢ form the  dc retriever for demodulation of FSK sig- Giwana

basic cscilator The fiee running frequency  nals. 210 as a post detection filter for linear AN
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NES64-N

Design Formula

-.—_The free running frequency of the VCO is

-

e gy o e

f

_—

shown by the following equation:
Equaﬂop 4 -
fo = ! in H.
°*1grcc, "¢
Re = 100
C, = external cap in farads
L

EQUIVALENT SCHEMATIC

The loop filter diagram shown is explamed
by the following equation:

Equation §

1
1 SRCJ
R = Ri2 = Ri3 = 1.3k LINTERNAL)

By adding capacitors to pins 4 and 5, two
poles are added to the loop trans'er function

F(s) =

1
atw= Ac,.

LOOP FILTER s

.'I 3 T
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FM.DEMODULATOR

The NESE4canbeused asan FM demodula-
tor The connections for operation at 5V and
12V are shown in Figures 1 and 2 respeclive-
ly. Tha input signal 1s 3¢ coupled with the
outpul signal being extracted at pin 14.
Loop hitering is provided by the capacitors
at pins 4 and Swith additional filtering being
provided by the capacitor at pin 14, Since
the conversion gain of the VCO 1s not very
high, to obtan sutticient demodulated out-
put signal the frequency deviation in the

135 APPENDIX B

input signal should be fairly high 1% or

highen.

FM DEMODULATOR WITH TTL
COMPATIBLE OUTPUT SIGNAL

An FM demodulator with the output signal
being a TTL signal can be obtained from the
NES64 by connecting it as shown in Figure
3. This operation requires the use of the
dc retriever, the capacitance for which is
connected at pin 14, The hysteresis of the

“Schmitt trigger carrbe adjusted by connect-

ing a potentiometar at pin.15. The outpu!
signal appears at pin 16, which requiras a7
external resistor, If necassary, the duty ¢, .
cle of tne output signal can be acdjusta? 2y
applying a voltage at pin 14 arounc 2 5%
and varying it. The connaction for a sim:12’

apphca}ion appears in Figure 4. -

GATED PLL DEMODULATOR

The logk range adjust pin of the NES64 ca”
be used to gate the PLL whan itis operalirs
in the ‘demodulator moda: The tircuit 157



. --nected as shown in Figure 5. The gating
.- ragewhichcanbeaTTL signalisapplied
.-z n2 When this voltage is high, the loop
- iock an¢ the demodulated output signal
s rears &l pin 16 When the mnputtopin 21s

~ thelocpiscutof Iock and the VCO will
-; glis cenier ‘!rquency. itis also possible
-+ .se pin Z 10 aCjust the loop gain so that a
arge capture range and small lock range

2~ be oblaired

ODULATION TECHNIQUES

¢ NEEB4 phase locked loop can be modu-
z:ed ateither the loop filter ports tpins 4 and
ct the 1nput portipin 6i as shownin F-gure

o

\

5

6. The approximate modulation frequency
" can be determined from the frequency con-
version gain curve shown in Figure 7. This
curve will be appropriate for signalsinjected
Into pins 4 and 5 as shown in Figure 6

FREQUENCY SYNTHESIS

Frequency multiplication can be achieved
with the NE564 with the insertion of a coun-
ter (digital frequency divider) in the loop.

~A’block ciagram is shown in Figure 8 and
the associated performance characteristic
curve in Figure 7. Here the loop is broken
between the VCO and 1he phase comparat-

1

or and a counter is inserted. In this case, the
fundamentat of the divided VCO frequency
is locked 1o the input frequency so that the
VCO is actually running at a mulliple of the
input frequency The amount of multiplica-
tion is determined by the counter. An obvi:
ous practical apphcation of this multiplica-

" tion property is the use of the NE564 in wide

range frequency synthesizers.

in frequency multiplication applications it is
important o take into account that the
phasé comparator is actually a mixer and
that its output contains sum and ditference
frequency componenls The ditference ire-

.

sy . FM DEMODULATOR AT 12V

*FM DEMODULATOR AT .
> + -~ e n " - q - -
1; LOCK RANGE ADJUSTMENT - :
Al 1); LOCn RANGE ADJUSTMENT v
¢ 0Vuf 0015
}:I FLYER
. \)]_\OOP WIER | X
—— - —— - = -LOOF FUTER e o - — - -
T T . 0 0V F T ] = oldr " .
EMOINPUT TTEenFT % 2 11 e -~ - = — ; .
“u 'f.'::."‘—‘ [ w1 o P A
" . LNALOG OUY tm: M .
81AS FILTER 7 s64 15 p—0 7 1t b—o .
m . I 0 W . _E{ . ANALOG OUT
= o i 1| —3 Posv b hon $IAS FNTER oL o 18 A 64 ' \, ¢ © Mz
:L_ FRTER | i l
1 1 o1 L
. =1 1 13 -
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30pF L2 *
! 80pF
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— 1o SMM;
J J, FREGUENCY SEY CaP Tor.¢ = | & FREQUENCYSETCAP
- S ix - 200 9 f "
= . >
J ] )
sv v 12y
.
Figure 1 Figure 2
FM DEMODULATOR WITH TTL 12V DEMODULATOR WITH DIGITAL
COMPATIBLE DEMODULATED OUTPUT OUTPUT
SIGNAL
12v
LOCR RANGE ADJUSTMENT
[ ov..r 1!, LOCR PANGE ATJUSTAMENY
ourIrut
"‘:;Z’::" LOCP FILTER b
TaMs 0 C1F Tarty j i : beiF
. °‘-' | ”j_ NPT 01,F 1 2 1 4 T LOOP FuTin
= fo: Swuy 1 5
’ ® '!‘n‘ Ny el = o01,F
ter SMMy Siaa _ YOK_ HYSTERISIS ADL ' 10 -~ gy MTsILASIS
fm * MG l—°—— 7 18— AATO 5V _.E‘ Ao ADJUST
" -_C‘ 0F s6e e 01t s64 rear
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3 ‘4 ——H}]_uzvmzvu car 10.F 'j_ :
10.F — .
1 E] = —t 13 = .
0 9 12 8 Y0 3 12 !
sopF 80pF i
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b3 200‘1> b3 s
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Figure 3 Figure 4 |

b
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GATED PLL DEMODULATOR MODULATOR
sV F
LOOP GATING VOLTAGE (See rote below} by FINE FREQUENCY
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" t i 3::" oE >
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Wrer the \nput 10 20 2:s high . TTL level' the 100p 340 Jock and the Zemodulated
oulput 3t 5w 18 .3 Sresert Weentha,roul1o pin 2is Sow T TL level theioop.sout 31
dock wein tra W CO at «ts center frequency
.- Figure 5 Figure 6
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T g
8 (BIAS ADJUSTMENT .
3 . v -
s . 10x
: i, & - ?
e _I_ r |
] 1.f
. . £, ot 2% 3 T >
e 2 4 <
\ 5, \ i i f P ik =T '
.z » 2 ] 10
\_\‘ 9 nrg
o 8 8 & 2 Y\2\‘ 6 8 13 OUFSQWAVE‘.E
3
3 \\ NE 564 2k Svoop
g 7 l FREQUENCY
PN 1.5 YOLTAGE (V) dp é SETCaP
~ 1o+ WP SIGNALINPUT —1 § 13 >_]- 4
' ProN L/ v w1 (.
€00 COMYERS.CN San J’_ J_ = qon.F
LA My sv
L P P e X el ——
¥C0 TR v AT FOR Savtz s 1
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£3r 4 ot OLL mo el == l
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[
hme—d 112} 7430 AN 12 -
33t SR I Sal S Y 10
Figure 7 th ne 114, 91 :
qiency componentis dc and is the error :
voltage which drives the VCO to ksep the Figure 8

NES84 in lock The sum frequency compo-
nents fof which the lundamental is twice the
fraquency of the input signal' if not well
filtered, will induce incidental FM on the
VCO cutput. Trus occurs bacause the VCO
is running at many tmes tha frequency of
the input signal and the sum frequancy
component which appears on the control

voltage to the VCO causss a periodic varia-

tion of its frequancy about the desired multi-
ple. For frequency multiplicatian itis gener-

) 138 APPENDIX 8

ally necessary to filter quite heavily to
remove this sum frequency component. The

tradeolf, of course, is a raduced capture

range and a more underdamped loop tran-
sient response

GiNDLES

a subsiciary of U.S. Philips Corporation s,

Sazrencs oo ¥ed’
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Natlional Industrial/Automotive/Functional
Sem!conducmr Blocks/ Telecommumcatlons

i
N {

stet IR L I
LM565/LM565C phase Iocked loop N T U '--‘
general description 3 S - o w e e
The LM565 and LMSE5C are general purpose phase ® Pow.er supply rarige of "5 1o ‘12 voits wnh ;
loched loops containing 2 stable, highly linear volt- 100 ppm/% typical
#g¢ controlled oscilistor for low distortion FM _ & 0.2% linearity of demodulated cutput

demodum.on snd a double balanced phase detec. ® Linear triangle wave wnh in p& .z” zer0 crossmgs

tor vnxh good ca-tier suppression. The VE{O fre- o rravailable MF - 3UMEN 1L =

;‘:Z?c:ng :E:u:':; ,::9?:‘”;:; ;e:::o;ea:b ::f:j — B_TITL.and DTL compatible phase detector input ..

with the same capacitor. The characteristics of the and square v.ave OUXp“'

closed loop sysiem—bandwidth,” response speed & Adjustable hoid in r'ange from 215 to > 260%.

capture and pull in range-may be od;us‘ed overa _ ,apphca“°ns ,{L_ — R T
Ir

T wide range with an external resistor and capacitor, ~lmee s -
"The toop may“be broken beiween the VCO and ® Dar and ‘3E"fY"‘:h’°"'z"'°" b e ..
‘the phase detector Tor'insertion of 2 digital fre- { & Modems *°

quency divider to obmn heq.;ency muluphc:uon 2 { FSK demoduln{on ":' SR -

! FM demodutation

-
Frequency synthesizer
Tone decoding 4

.
(]

The LMSE5H is specified for éperauon over the [ |

.

® Freguency multiplication and division

.

s

»

»

-55°C 1074125°¢C military lempe ature rnge The
LM565CH and LMS565CN are specitied for opera-
tion over the 0°C 10 +70°C temperature range.

. - L

SCA demodulators
Telemetry receivers
Signal regeneration S 31k --
Coherent demodulators. -

features
® 200 ppm/°C frequency stability of the vCo

schematic and connection dnagrams

’ ’ a0~
o - r— @ g me

-z i Cro il e H §-.
Py

/5

- jJ .

~

Metal Con Package Dushin-Line Package

et b

e I R - S
Pl

> vee
Order Number LM565H or LMSE5CH Order Number LMSE5CN
Seo NS Pacnage H1O See NS Package N14A

Courtesy of National Semiconductor Corporation
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N .

b - L
absolute maximum ratings ~ T

io . -

Supply Valtage 212V
Power Dssipation (Nate 1) 300 mw
Oitterental irput Voltage v 4 . - . 5
Operating Temperature Range LM365H -55°C o +125°c * ! ? 7 .
LMSG5CH, LM365EN 0’C to 7¢°C HEN : ‘ :
§tarage Temperature Range -65°C to +150°C
Lead Temperature (Saidering, 10 sec) 300°C v
. H b -
electrical characteristics (AC Test Circuit, T 25°C, V¢ » 26V)
LMS6S - LMs38sc
-PARAMETER CONDITIONS UNITS
A MIN TY?P MAX MIN Tye MAX 3
Power Sugoly Current 89 125 80 12,5 mA
tnput Impedarce 1Pns 2,317 | —47 <V, V3 <OV 7 10 5 xQ
o . A E
VCO Maximum Operatirg Co=2.7pF 300 | 500 250 500 kM2
Frequercy e A
Operating Fraquercy S N .
Temperature Coefticrent _ A\ 250 5200 500 pem."C
Frequerey Drift ath -
. .01 . . .
Supply Valtage / a0 0.1 005 0.2 %V
Triangle Wae Output Voitage 2 24 3 2 24 3 3 Voo
Teriangle Wave Output Lirearity 0.2 0.75 05 LI %
Squarz Wave Output Leve! ; a7| 54 4754 | . Voo
Qutput Impedance (Pin 4} 5 5 i %23
Square Wave Duty Cycle 45 50 55 40 50 60 %
Square Wave Rise Time ¥ 20 100 20 ns
SQuars Wave Fall Time 50 200 59 ng
Output Current Sirk (G.Pm 4 0.6 1 a5 ! mA
'VCO Sensitivity fo™ 10 kHz 5300 {€600 680C 3286 | 5600 7200 MV
°";?:“,')”’d Output VOItaze | 1o Frequercy Deviston | 250 | 300 350 | 200 | 300 200 | mv,,
in 7
Totat Rarwonic Ostorticr £10% Frequency Deveaticn 02 078 0.2 15 ] X
J
Cutput tmo2dancs iPih 7) 33 35 L3¢
OC Laveti?n 1) 3.25 45 475 49 45 590 v
Cutau: Q'tier Valtage
v, - V! 30 100 50 200 mv
Termperature Dritt of IV, - V! 5C0 509 av °c
AM Rejectian 30 10 40 a8
Phase Detector Sersitivity Xg ' K] .68 0.9 355 63| 035 Virsdian

Nate 1: The maumum juncton temperature of the LAMSSS 15 150°C, while that of the L\'535C
and LMSESCN 15 100°C. For 0peration at e'+vatzd tenceraturds, deveces in the TO-5 caccage =uss
be derated basad on 8 tharma’ resistarce of 150°C W unretion to ambiant or 35°C:W ju=ctae 10 ise
Thermal cesistance of the dialanling 3ackage is 100°C:W

pe pre= =gy p
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DUTPUT VOI TASE BUTPUY VOLTAGE

POWER SUPPLY CURRENT {mA)

-
-

" typical performance characteristics oo
Powsr Supply Current as s Lock Range as a2 Function
Functior, of Supply Voltage of Input Voltage VCO Frequency =
7 L LR RHIERN IR ads ————— e
pr Tar2s ¢ ML 1'1,!:n..- 1 — -'u‘*.“:‘
[ 4R Y 1 MITE T TPt 17
z = Ty T T ]
- T T st R o s o e
” T B R = el > Cs 1007
S H H o\ M\,
- 8- 21 . v/ L]
= 2 - s
En s 2=
3 i
v 7 | LB B = =
0 | 8 TN T : )
y ] Rl T 11T 4 R
i 1 . Phei 1 rr ‘—-—-u Pihig sievit @ S '
L A T T R T R ) L s n; L S L] i
TOTAL SUPPLY VOLTAGE iv) Y ko st voutast ey || | 1 FREQUENCY Dy !
4 ¥ ¥ N — R » 9 M" —
A T Pa— —t . -
. p A VCO Frequency s s
Oxcittate’ Dutput Waveforms by Phase Shift vs Froguency ‘g Function ol:l"-mpautun
- P
=< 184 —v— » :
7 Vee » 26V = T,»25°C e} i e Ve o tBY
L 1,025¢ Ty l ! ] '):" 3 ] H l ol
Ve v/ L 4 3 1 T —
gm 7w €, ‘.Iv vt
e 12 - A
= Y} . T | H
i o W & . v
. =
g : ! 9
= 8 ' 13 ; H
i g ® 4 E o i -
Y, - =10
i s« I/,/ s |
| - \ S/ e T
£n Z.2a ;
} X N r l s i ..
IR g Wououo w3 B3 8 n 8N owan
ot —— ] RORMALIZEO FAEOUENCY = TEMPERATURE £ C) -
Loop Geinvs Loed Hold in Rangs as 8 Function
Resistance & of Rg.y
34, rr 3 e
o Tosast 11 h 1T u o I Voo v _|
-3 Veg o sav ! Lt J s N Ta-3C
' § et At G . 0
2 ¥ A Rl >' '
TS S RN
.
g i g, LN
H i 3 Y {
- ™ e — hd
S . : £ [imeeesr TN
T s L
H R ¥ H
H Vil * i1 & _u 1
11 T i1
1 1® e (LY Q2 15 11 e ow
RESISTANCE RITWELS PINS S AND I 1) RELATIVE FRLE AUNNING VCO FREQUINCY
ac test circuit .
e
P e e —
bned
=y
1] Ll dd
-
-~
[Woishy 4
s
I Rew 5, opn b soipt oo sermge [V, - ¥, ! st
- e vy
—
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typical applications
- '
--‘— 'Jf e )
-3 T l FSK Demodulator {2025-2225 cps)
b : 1L N\ 5 bl I -
l‘ 3
L 1 >
. - N .t
2400 Hz Synchroncus AM Demodulator
Ve
-,y om—
} . ¢
l o Sy
. > =
T an
v.-;'_L‘ -
FSX Damodulstor with DC Restarsticn,
i
i
}
1
IRIG Channel 13 ODemodulator
Fraguency Multiplier {x10)
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applications information
T ks

In designing with p‘\ase locked loops such as the The natural bandwidth of the closed loop response
LA565, the -mpwtmt parameters ot interest are. - may be found hognﬁ:_ 7o

4 o d . 3 o ‘i: ” T :
* FREE'RUNNING FREQOGENCY F ke '
n 23\ R,C]
f = --—1-—— L s - - LI
° 3.7 RyCo o~ Ass;rciaiec_.‘.wit?‘\_lhis is a damping factor- € v
LOOP GAIN: refztes the amount of phase change - 1 __L«: wesl it
between the input signal and the VCO signatfor a e .2 R,CyK Ko, ~, o )

$hiftin input signal frequency (assumir'tg the foop ¢, o ow band apphcauor-s where a narrow noise
renans in fock). In servo theory, this is called bandwidth is desired, suchasapphcmons involving-

Ihe “velecity error coefficient, [ tracking a slowly varying carrier, a tead lag fitter
: AR K ( 1 T shOuld be used In general-if 1R,C, < K Kg=
Loop gan™'K, T \set aoe L the dampmg factor for tle locp becomes yuite

small fesuliting in large overshoot and possible .
insiability in the transient response of the loop

radians’sec)
In this case, the nytural frequency of the foop.

Ky = o::illator sensitivity ( voit

... =i volts found from™ -t
Kp = phast detector sensitivity (rad'an) oy oy Jednd rom, - * _ ’
- s i 1, 1 KeKD .
The loop gain of the LMSBS is dependent on 2r Ty*72 & {
: I ; 3
supply voltage, and may be found from Ty ety s (Ry o Rz) c, ;
3361, .
K Kp = 7 Ry is selected to produce a desired damping factor .
¢ 8. usually between 0.5 and 1.0. The damping
fo = -VCO frequency in Hz factor is found from the approaimation:
V. = 113l supp'y voltage 10 sircuit. 2 757 w
§ = rr.d,

Loop gair. ray be reduced by connecting 2 resistor

between poos 6 nd?;xhis‘r.educes the loadimped: g1 00 o equations sre plotied for convenience.
27¢e on tne output amplifier and hence the loop i

gzin, 3 i T
; ' ST e T
HOLD IN RANGE: the range of {requencies that s U ,1/“0\ i
e loop vill remain in tock after initialty being W ! : \m’ =
tocked. 3 i
T 14 Y N + - .
o 2 N SERA QT 1] 0
Ul w7 T ope o
TN NE N N
81, 1w
fhr2 [V} U4
[ PR ErY \~;“ b "R . N r -
T T -
o = free ruaning frequency of VCO | W Eh N i N
w' L iRt H
Ve = 1212 supply voltage 1o the circuit, W o w1
vyeny boes]

Fitter Tirna Constant v Natursl Freguency

THE LOOP FILTER

tn aimost alt applications, it will be desirable to
fiter the signal o1 the output of the phase detector
[zsn 7) thus filter may take one of two forms:

s
Simple Lag Filier Log-Lead Filter we " ’ w w
. "
A simple hg filter may be used for wide closed Damping Tims Constant vs Natural Fraquency
foop bandwidth applications such #s modulation
tollowing where the frequency devistion of the  Capacitor C, shouid be much smatier than C, since .

-casrier is fairly high {(greater than 10%), or where its function i to provide filtering of carrier. In
wideband modulating signals must be followed. general C; < 0.1 Cy.
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National

Industrial/Automotive/Functional

Semiconductor Blocks/ Telecommunications

LM566/LM566C voltage controlled oscillator

general description

The LMS566°'LMSE6C are general purpose voltage
conzrolled oscillators “which may be usad to gener-
a2 squar2 and triangutar waves, the frequancy of
which is a’very linear function of a controt volt-
age. The' fraquency is also a Function of an external
resistor and capacitor. \

Oy s + R E
The LMSE6 is specified for operation over the
-55°C to +125°C military temperature range. The
LMSGEC is specified for operation over the 0°C
1o +70°C temperature range.

features

® \Vide supply voltage range: 10 to 24 volrs
8 Very lirear modulation characteristics

High temperature stability

Excellent supply volzage rej=ction

10 to 1 frequency range with ficed capacitor
' Frequency programimabiz by means of current,
voltage, resistor or capacitar.

applications .

® FM modulation

® Signal generation

® Function genaration

® Frequency shift keying
% Tore generation

schematic and connection diagrams

e Cee femy T e
Lo e ey By ~ —

typical application

1t kHe and 10 kHz TTL Compatible
Voltage Controlied Oxciltatar

Metal Can Packige

Order Number LM336H Qf LMS38CH
See NS Package HCIC

Oushin-Line Packagn
woo LT ‘e

? — = i SR

==
st RN Pl S ITTTTE N
T 1< [T re—

Taaas.g L, se1ause
S~ it

e
Order Number LMS8CN
See NS ?ackage NO33

©

applications information

Tne LM366 may be operatad from sitner a $ingle suopty
25 SROwn in g test circuit, or fror 3 sphg (1) pawer
sLo0ly Whan opsrating from a spit tupoly, the square
wave outdut (pin 4) is TTL compatbis (2 mA currant
$170) with the addition of a4 7«0 res.itor from 2alto
Iouna

A 001 uF cavacitor is conmeciad betvaen pinsSand §
(0 privent parastic osciliations har Tay occur during
VCO switchirg

.
Lavt-vg

[

° TRV

whare

X <A, <20x .

4nd Vg it voltage Detween p::lz‘eqd -3 — -.
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absolute maximum ratings . .
e e T W A AT T : oy
Power Supply Voltage 26V ’
Power Dissipation {Note 1) R . . 300 mw
Operating Temperaiure Range  LMSG6 .. . ~=55Cto 125°C
LM566C ve o =0 Ct070°C _ -
¢ad Temperature {Soldering, 10 sec) | TN v 3?0‘0 s
. T, i 4
z \‘ /
b . . - — - R :
™ -ty ' e 1 - ,
N K e - - ¥ .
- . , s P H
t '\_ 1 z L ot
electrical characteristics v,. = 12V, Ta = 25°C, AC Test Circuit e e
: . . Pt g 3 - S N
o = LM566 LMS66C :
PARAMETER NDITIONS UNIT
o 2 MIN TYP MAX MIN TYP MWAX s
Maximum Operating Frequency | RO= 2k PO JPTS PR % Y T |t MH
s | CO= 2P e o, — A% ~ [ —- B
- Ca : tledr] 2 , R
input Volzage Range Pin 5 Bi-Xy . 34 vee vee 34 vee vee | . L
N 4 -4 N .
Average Tempe'nur: Coetiicient | 33 = 3+ 100 x 200, ppm~C
of Operating Fréquency - I y e N L .
Supply Voltage Rejection e /R0 & gk o1 2 v
Input Impedance Pin § % ~05 1 0.5 1 M0
! [
VCO Sensitivity ForPin s, F:o:n 3 64 6.6 6.8 6.0 . 6.6 72 kHz'V
. | 8-10v.1p= 10 kM2 -
FM Distortion 210% Devistion 02 o 02 15 .
Maximum Swhep Rate 800 1 500" 1 MH?
Sweep Range 101 101
Output Impedance
Pin3 50 50 a2
Pind 50 50 Q
Square Wave Output Level Rp3= 10k 50 54 50 54 Vop
Triangle Wave Output Leve! Ri2 =10 2.0 24 2.0 24 - Vp-p
Square Wave Duty Cycle 45 50 55 -40 50 &0 %
Souare Wave Rise Time 20 20 ng
Square Wave Fall Turne . S0 50 ns
Triangle Wave Linearity +1V Segment a1 - 0.2 078 05 1 %
2vee
Note 1: The manimum juncron tempersture of the LMSE6 is 150°C, while that of the LM566C
is 100°C. For operoting ot tlevsied junction temperstures, devices in the T0-5 Pachage must be
derated based on # therma! resistance of 150°C/W. The thermat resistance of the dual-in-line peckage
11 300" C/w.
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typical performance characteristics

Operating Fraquency 232 Operating Fraquency a8 » Normalized Frequency as s
Function of Timing Resistor Function of Timing Capacitor Funcuon of Control Voltage
- ; .
1%0¢ - 10 : . 5 Y e —— "
Ttn e e H [APRY LR T, 188 !
f TS AcTEsT H:C:I'f ' . i TAC TEST CiRCIT > 20 TEST CIAC T .'_l'"“ "'l T
- N T : = N T T Iu : - i
< NE i ’ N .
= AT e Y WG, U S N e
= i 1 h : H i o : i . . & S ' ! i
- . T . H . .
g = = H Vo ' 2 e ~ 7 T
< T N R | . - A 2 e e } r
5 -8 } : 3 + T
2 AN T = t ! t < / i
z = L i i L
= . [ X o a1 : —_— H / T :
—- PN TR 2l i i
H g ! . B PP
v Li i LY Y/ \ e ASRREENNER

[X] 1.0 "w 10w e e e s $§ w15 28 15 0
TCONTAIL YOLTASE Vg -V, (W

—— ~ MOAMALIZEO0 FREQUENCY FALRUENCY iNg
—ie re. e}
A -\ 9 -
- ._:PB»::& Su_ppl;Cuvrtnt Temperature Stability 3 VCO Waveforms
L.
8 Ty ——r 1] ~ - 3 ——
. ERNu it U L . ACTEST GiCuiT t '
S L Y s R
M i : r i =L ) 1
‘ R e o & 2 giz 4 "
R s ez aban S i L/ INZ TN
g } 155 -7‘5" 2 2 ' 1Y ene
3 1 s}y = = . ; TaosBC
H ——"-7! T '/ ==N g i CT acrestoacut
3 b Lrmeai 4 & w " =
e /LT ==y = E-; -1 T
g " 4Tt i P 285 4 !
5 TR x €22 :
“ N 1 T 28 ¢C = §°: 4 i
T2 T T acrest circuit o
‘r-'-‘.';;. :Xl‘Lllxl 15 Ll
10 13 ] i) 15 -5 -2% 025 S48 108 128 L L P P
SUPPLY VOLTAGE iv) TEMPEAATUARL' D) Y .
A
Frequency Stability vs Load
Resestance [Square Wave Frequency Stability vs Load Squary Nive Output
Outout} Impedance {Trangte Output) Choracseistres
~ e 7% % it I T
v b {[ ot £ 2\ it Magress cmcur
. Y Py > 1 Tae28C
z £ ¢ 7 : | : = (1} M B .~'r“L“ :
e -
a g mas e aey F : RV oS
H Y I B > e
3 S s cr T S s L /‘1'!"
- - - - = T Tac
g M) LI A 3 R AR
z T Ll 3 HFE e
H g .: AC TEST BACWIT FRL n : :
H - T 3 Vi ik
-8? P -4 Y 1 f T i "
A O I I O A i
3 £ w Y
Ry Pt € T3 3A3UYG LY mL PN 319533890 .0
Trargle Wave Output . .
Charserenistes ac test circuit
Y] . .
[iIGE AT ?
P SIVIN
’/ 1 il 1ot
21 . .
[l ;
L]

uH-
|
[

AC OUTPUT VOLTAGE PN 4 1V, )

11} 1
AC TEST CIACUIT
i Ta5C
m RN
100 [ n .o
R e PN 4 TO GROUND (1) -
P -
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National =~  Industr
Semiconductor Blo

LM567/LM567C tone decoder
general description ,

The LM567 and LMS567C e general purpose tone
decoders desgned 10 previde & saturated transistior
switch 16 ground when an irput signal is present
within the passband. The circuit consists of an |

and O detector driven by a voltage controlled .~ .

. ,
oscillator which d\ete_r,r!\mgs__xh‘e center frequency

" of the decoder. Externat components are used 1o

independent!y set"ténter wrequency, bandwidth .
and output delay. - P

. | "N

. { i
features ; ) .
8 20101 frequency range with an external resistor
* Logic compatible output with 100 mA current

sinking ‘capability LI 4

& Bandwidth adjustable from 0 to 14%

”applications __ " -

ial/Automotiv‘e/Functional ’
cks/ Telecommunications

R PRy s
Sre e O
e L Tl
Hish reiection of out of band signals and noise
Immonty to false signals
Hightly stable center frequency
.-Center-trequency’ adjustablé trom b'61 Hz 10
500 hHz _ .. . .. - s

R R Y

® Touch tone decodng
L Pre‘ch'm oscitlator -

® Frequency moritoring and control

® Wide bsnd FSK demodulation

®  Ultrasonic controls

® Carrier current remote confrols

® Communications paging decoders

schematic and connection diagrams

Meta! Can Pachage

Order Numder LMSE?H pr LMS67CH
See RS Package HOBC

)

Dvnl-l‘rrlim‘hdup ¢ .

Orees, Numbar LMSEICN
See NS Package NOBB

Courtesy of National Semiconductor Corporation




absolute maximum ratings

Supply Voltage Pin 1oV
Power Dissipation {Note 1} 300 mW . LR
Ve - 15y -
Vi 10V
Vs Vgt Q.5v
Storage Temperature Range -65°C 1o +150°C .
electrical characteristics ettt 7, - 25 ve = 5w
Lmse? LMEETC.LMEEICN
PARAMETEAS ConpITions MIN Tyr MAX | ey TY? wax | oM
Power Suzpry Voitage Range ars 59 2| s 53 90 v
“
Pomee Supcty Current LAER .
Ouestemt \ s ] 7 10 ma
Powtr Suooly Current LI
Act vated e g 1 13 ” 15 mA
§
tnput Renstarce 18 2 2 15 2 25 W
R .
Srallesi Detectobie input Vaitage o100 mA L ot 20 b3 Fol 25 mVems
Largest No Dutput 1npat Voitage 1o £ 300 —A, 5 o0, 10 1% 0 5 ndemy
Lar Jest Sermaltar e0nt Dutdand Sigral 10 1nownd Sonae a0 [] [ a8
Mimmum 12put S9rdl 10 Wadecsnd No-we Rata [ S RTRVT) - -8 a8
Largest Detecron Sardmgth 12 1] 18 10 H 18 wott,
Laegast do:m:cn Bordwe.din Shew 1 7 H 3 A,
Largest Detect-o Barcm 90 Vor 41 oF a: Termserature ot 9128 201 0s e
Largort Detect on Bonde 08 Var at 3n wth Supoty Vittuge 475V - § "5v 3 32 Sl A5 W
Higrast Zarisr Frezuency W0 500 b - 50 [T
Ce=*er Froguenc, Stanytty agT, <0 38158 3580 m."C
SECT,C1 PLERE -] 35140 . ’C
Can‘w Srazencs SMitt mh Suaply Vatrage 4757 -8 5w LR 19 (2] 20 Y
Fastest N TFF et ng Aate 1,23 (]
Outout Lrsh ape Surrant vyt 15V oot 3 90 25 X
Outout Satur it 08 Vou'age 01284 a2 04 02 cs v
Iy 30 A
8-V os te 08 ta
[PERT-EFY
Cutput Farli Tumg x X s
Cutout B 1 Tme 150 150 ~

Note 1: The maximum junction temperature ot the LW36

is 150"C, while that of the LM3S7C and LMSGICN s 100°C

For operating at elevatsd u"*pd'l.ufu devices in (e TO-5 package must be derated based cn 2 (Permal resistarce f
150°CoW, junctice 19 ambiant o $5°C.W, junction to case Far

rasistance of 187°CiW, urction 1o arbient.

ih¢ DIP the devica must be deratzd 2usdd 0n a tharmal




v —
typical performance characteristics o .
- - . d
Typicat Frequency Drift with Typical Bandwidth Vaistion Typics! Fraquency Drift with
Tomperature {Mean and $.D.) with Temperature P {Mean andt S.D.) Temperature
Z T . » T Z T
z Vel . = " T I ey
X o + s . [ 3NT]
g ] 3 ! : - -l
ot —t s Wi - ':“ 03 = - —
[ P - } £ ! s 1 T
ot L. T oastts T <~ E
H T - . L
= i e 4 x R s
: i S -
- % J : é 1) = Yy =l
: L B H ‘ ~ ¥
< . R ] e -
x g : T 1 &) ; 4§ X .
? s ! l A g LAsromisTn 125 i. iﬂ g .x: "J -
-2 T —_— Q- % -
R T IR B L N, B
TIMPERATURL § €1 - TEMPERATYRL () - 5 TEMPERATURE 1°)
— %
ot L W,
- <L « 3 @ S P
Typics! Freqiency l?nh with Bandwidth vi tnput Signal > -
Tonpe:aturs (Mean'ang 8.D.) Amplitude ) Larpest Detection Bandwidth
zZ 02 ~ "
R IT) -1 = Al = P I s
& ; ! " i HRIEE] . AN
= 2 — - uo e c rircitet— - -
- 7 3l = 1 -4 - =
s , , ‘ E ? N
& 200 M "
- 8 H ©
© f 2
H R ' \ g, A x -
s SALL0 : 'é
H ! = X
[ - B t w
Ry — ’ ' T2 o b £
< Py | c p -
> 28 ! : : = = ¢ T e
L Voo s
SN , 1777 e+ 30
s o : 2= o .
S omwoan o on $8 1 o0e 12 P2 4 8 8 oo uoy 00 [ BT ) w ow
TEMPERATUAL | ) BANDRIDTN 108 1) CENTUR FREOUENCY (2)
Detection Bandwidth asa . - Typical Supply Curront vs Greatest Number of Cycles
Function of Caand Cy Soppty Voltage Before Output
- T ] T T 19t T
Pl Y, ne weneg ] ] ]' U vy )
: ! Voo o SV 4 NCLOAD DA :u--nr/' 0 o o rlac28°C
i tod 3 I } 00 - BINOWILTH LIMITED DY Cy )
Ittt z i Ir Vel b
13 NAY T .
i IR ) ; = | K BanowidTe caTED pY
=2 H H l 3 5w Ty LATERNAL RESISTOR
oo b+ ' 1 14 : }\ NNV Cy)
= e > I o T T s : iy
L = i NTZC
3 j QUUSIENT CuRREaY N .47
“ { [} [} ] » I
s : — " AN
b . = : 1 i
2 ¢ 6 8wy ouw L R e e R T 35 10 X s 1
r
BAADWDIH A OF 1 SUPPLY VOLTAGE (V) BANDWIDTR I\ OF 1)
Typical Dutput Voltage vy
Temperature
0 oy
0 vy
g n - A
) 3
; ”" IR
Y] 4
o}
S u ¢
§ s 1, 30 mA
3 (0 i
: T
! 11
AN I I B N VI TR TV
TEMPEAATURE ( £ -
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typical applications

o Touch-Tone Dacoder

pm———-

I

* — ]
- '
v 4 - | 0

- -~ N y
v .

LR

PE

1 1
.
i ] (] A
’

1 1 i

i :

* I

"ee |sy

henal
ITIM™

InPYT

Lo 120 e gy
*Ners l.l,-ﬂ Ty 1Ry

Compersar csiums 53

Bt 5o
&

M

(R P
1824y
12 ~gqy
M wis gy

o v, 5t
P - ‘"
- Oscillator with Quadrarurd Output
- s _} (W
* -t
—- - IR
- T
& = v
» Ciranct 3939280 23 nere e
Oscillator with Dounis Freguency Quiput
¢ .

) e

»

Precision Oscillator Derve 100 mA Loads

applications information

The center fragusncy of e 1372 S2c0ter o 2 5
10 tre fr2s runn;ag fraquency of tae VCD The 3
givan by

1

f, =
° .-'Rlcl

The bandwidth of the fuear MYy te fourd fron

the appro<imation
{ v
LT \I 1°C, in 2 of £,
s L2

8w =

\Whera:
V, = Inputvoltage (volts rms), V, < 200 my

C2 = Capacitance at Pin 2 (uF)
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1 o :
SCHEMATIC [each gate)

QUADRUPLE 2-INPUT
POSITIVE NOR GATE

AF PACKAGE

$3402

N7402

L I N SMOZ—A,F_W o N7402-AF
o Lononnn
Al o | DIGITAL 54/74 TIL SERIES
T . .
. P — o
= { ‘ -
. e 5 l - ,
— JL [BEREE] [ T ,_‘ . <
N ? 2 . . .- L) -
RECOMMENDED QPERATING CONDITIONS o S T T ARt &
. v en PARAMETER : NIN NOM MAX UNIT
Supp'y Voltage Ve $5402 Cireuns 5 45 ) 55 v
! N7402 Curcuns 475 % 5 5.25 v
| Wormalized Fan-Out trom epcn Output, N . 10
i Operating Free-Aur Temperatuce Raﬂge,\TA' 55402 Crecuits Iy -58 . .25 *.125 “C
P ” N7402 Creevits (] 25 70 ‘c
L A
ELECTRICAL CHARACTERISTICS {over fecommendsd operating fres sir femperature range uniess otherwise noted) K
’ PARAMETER —“. . TEST CONDITIONS® MIN  TVP'® mMax umT’
I Vini1) Logical 1 inpuf volage Vece = MIN 2 \4
i required a1 e.ther input G ,
‘ terminal 10 evsure
i logica! O leve! at output %
| Vinl0} Logical 0 input voltage Vee = MiN o8 v
[ required at both irput
terminals 10 ensure
! ! fogical 1 feve! at output . s
' Vouttl)  Logreat § output voltage Vee ® MIN, Vin® 08V 24 3.3 v
i ‘ Hoag = ~400uA
: Voutio) Logical O ouiput voitage Vee @ MIN, Vin=2V, 0.22 0.4 v
' '  fank * 16mA !
hintQ) Legieai O level inpan Vee = Max, Vin® 04V -1.6 mA
{ currert feach ingut) -
Lnt1y Log.cal 1 levei 1npur Vee = Max, Vin = 2.4V 40 HA B
current leazk input} Vee = MAX, Vin® 5.5V i mA
§5402 ~20 -55
. o Shart circuit catput { Vee = Max A _ mA
. S Correnes | “€ec K1402 18 55
,! PARAMETER TEST CONDITIONS * MIN Tye MAX | ovIT
ey Logea Oteve suopry Vee = MAX, Vo~ 5V 14 27| ma
i current
¢
: 'cc(” Logicat ¥ lever Supply Vcc = MAX, Vm «0 8 16 mA
! current
SWITCHING CHARACTERISTICSA \tc- SV, T~ 25°C. N=10
PARAMETER TEST CONDITIONS MIN TYP MAX | uNIT
t Propagation delay time CL = ¥5pF, Ry = 4000 8 15 ns
od0 L L
to fogica! O level
tod Propagation delay time CL = 15pF, Ry = 4000 12 22 n
to Jogical 1 Jevet .

' For tonditions shown as MIN o M
Cevite type
At typice! vatues are at Vee = 8Vv. T4 = 28°¢

t Not more than one Output shouic be shoried ot o time

AX, use the 22propr.ate value spesified under recommenged opersting conditions for the spplicable
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AFPACKAGE

- HEXINVERTER G540
DIGITAL S4/74 m SERIES N74D4

152  APPENDIX B

guas
R R R S
RECOMMENDED OPERATING CONOITIONS .
. MIN | Nom Max UNIT
Supply Voltage Vo' §5408 Circuty” py 45 5 59 v
N7404 Circurts 475 5 5.25 v
Normalized Fan-Cut from Output, N 1 {
. Operating Free-Aw Temperaturs Range, Ta:  S5404 Creuits -85 ] 125 *c
v N7404 Circuits o ] 70 *c
Lo 2
ELECTARICAL CHARACTERISTICS lover recommended operating free-air tamperature ange untess otherwise nated)
, o e
PARAMETER “ TESY CONDITIONS® MIN  TYP®® MAX | UMIT
- .« Vint1) -- Logical 1input voltage Ve = MIN 2 v
required at 'nput
terminal 1o ensure logi-
.. ot Otevel at output
Vinio} Legical 0 input «oltage \ce * MiN [} ] v
- requifed at any ingut
. terminal to ensuce
logical 1 level at output
Vout(1y  Logical 1 output Vee= MIN. Vin =08V, 24 33 v
voltage Hoad * -30CA
Voutf0)  Logical 0 outout Veg® MiIN, Vin ® 2V, 022 os v
N voitage Yok > 18mA
Lai0 Logical Olevel nput Voo ® MAX, Vin = 0.4V 16| wa
current leach irput)
Lint1) Logical 1 level irput Veg = Max, Vin» 24V %0 A
current VCC' aXx, V,n*55v 1 mA
eyl 35404 -20 -55
! Shoet circuit dutzut Mo T MAX N i T
s currentt DRSS -18 -85
e — i
PARAMETER TEST CONOITICNS® MIN  TYP  mMaAx ' UNT
i '
iccion Logical Qisve! muooly VCC = MAX, Via® 3v 18 a3 o '
current }
teciny  Logical 1ievel supply Vee @ MAX, Va0 6 12 mA :
current i
J
S'wiICHING CHARACTERISTICS, Vcc* 5V, Ta = 25°C, N =10
1
PARAMETER TEST CONDITIONS MIN | TYP MAX | UMT :
540 Propagat.on dalay time Cy = 150F, Ry . a0 8 15 oy
to log.cal O level !
todi Propagation delay timz C = 150F. Ry »a00n 12 22 o |
to logical 1 lewel 1 J
* For cond'nians shown as MIN or MAX, use the s00ropriate value 1pecified under rec>mrrended operating conditigag for the spolcable
device tyoe
oc AN (ypicat stlues are 2t Ve T SV, Ta ~ 25°C.
- - e~ T77° ¢ NGTdore tha®dne outgut thoutdbe shorted at & ima.
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Specifications and Applications Information

; WIDEBAND MONOLITHIC : ' LINEAR FOUR-QUADRANT
] ; 'FOUR-OUADRANT MULTIPLIER MULTIPLIER
. . . . Gesigned for uses where the Output is a linear product of two ) .
input voltages. Maximum versatility is assured by allowing the user ° SILICON MONOLITHIC
1o select the level shift method. Typica! applications include: multi- INTEGRATED CIRCUIT
' ply, divide®*, Square root”, mean_square”, phase detector, frequency - - T T
Te coubler. balznced modulator. demodulator, electronic gain control. vy 7o
{ . b : : " *
; *When used with an O?erbtion?? amplifier, ¢
. ® Wide Bandwidth : ! 2 ;

H

| . . i
® Excellent Linearity — 1% max Error on X-Input, 2% max Error on -

Y-lnput — MC1595L - AR ORNN7777 - S -
® Excellent Linearity — 2% max Erroron X-Input, 4% max Error on z::::’ .

Y-tnput — MC14951 = d |/ o %
- z i (top view)
® Adjustable Scale Factor,-K_ 1
i
¢ .Exceilent Temperature Stability : ! My, ) .
L g s - A < . CERAMIC PACKAGE
® Widelnput Voltage Range — + 10 Volts R YA L. D8 “n = == -CASE 632 --
- - T4 P - - TO-118
® + 15 Volt Operation i ; @ R
FIGURE 1 ~ FOUR-QUADRANT :
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 — TRANSCONDUCTANCE BANDWIDTH
-1 20
!
-80 . , 1 d l oS , ”
- g.s.c bl 1 1
? &5 ! ,:: .‘ T q T
k4 i P I
R e FE I3 11, f
I z IR LN ‘
s g [T LT }
CEE o I N T o M AT i "
= - ey o1,
© RN T I T T
S -60 - -0 i :
] P L T T
-8 T i t g 1 FE
o ! - a4 L T L
S0 -E0 0 0 220 0 20 a0 w50 w50 om 10 10 100 -1005
VX INPLT LT AGE A DTS * FREQUENCY souz)
- FIGURE 3 - CIRCUIT SCHEMATIC
(-} ) ;
! 1 TT;,,I' F{:W j
Yy 07 oe
tol! LI ;
¥ inpu X Input ‘
4 o 04 2
(] (=) |
2, S l
s - —on
: 0 :'
Jo— —0 13 ,
1

500

<
ot
AN,
-
bAAA- |-
5
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ELECTRICAL CHARACTERISTICS (V* =+32v,v-=-15V, TA=+25°C,13=113= 1 mA, Rx = Ry = 152’

.

ar A

AMOSCATIY O

MOTOROLA Semicondudtor Products Inc.

Ry = 11 kQunless otherwise natad) _
Characteristic Figure | Symbal | Mia [ Typ Max Unit -
Linearity! : L .
Qutput Error in Percent of Full Scale: -] : R N %
Ta = +25°C . i - )
~10<V<+10(Vy =210 V) MC1495 Eqx - 10 +20
. MC1595 - jiso5 | £10 L3
~10<Vy<+10{Vy =210 V) MC1435 . Epy - +20 | +4.0
MC1595 : - +1.0 +20
Ta *0to +70°C MC1495 : - -
~10< VL +10{Vy =10 V) ERx - +15 -
~10<Vy< *10 iV =+10V) ERry - +30 -
TaA = -55°C to +125°C MC1535
~10 V< +10 vy =10 V) Eqx - +0.75 - :
“10<Vy< +10(Vx =210 V] ERy - £ 150 - |
Squaring Mode Error: s
Accuracy in Percent of Full Scale After S Esa %
Offset and Scale Faczor Adjustment
Ta = +25°C MC1495 - +0.75 -
MC1595 - + 05 - |
Ta = 0to +70%C MC1495 - +1.0 - |
Ta = -559C to +1259C MC1595 - +0.75 . :
Scale Factor {Adjustablel . . . -
2R
K ® c—— . e - .1 - -
! iI3Rx Ry i K 0
Input Resistance MC1485 7 Rinx - 20 - MegOhrs
(f =20 Hz} - MC1535 - 35 -t
MC1495 RINY - 20 -
MC1595 - 35 =
Differantial Qutput Resistance {f 2 20 HZ)  — 8 Ry - 360 - k OhTs
Input Bias Currénr ~ "
{ig * 142! fig +1g}
I » ey s 28 MC1395 6 1bx . 2.0 12 EA .
2 2 MC1593 - 20 8.0
: MC1495 Toy - 2.0 12
MC1335 - 20 8.0
Input Otfset Current
itg ~ 142l MC1435 6 Hioxl = 04 20 KA *
MC1595 - 02 .| 10
lig - 18! MC1493 {tioy! - 04 2.0
MC1535 - 02 1.0
Average Temgeraturs Cozfficient of 6 1TCyi0! nA ¢
input Offset Current
{Ta=0t0+20°C) . .- - .= - MC149s - 2.0 -
(T A = -559C ta +125°C) MC1535 - 10 -
Output Offset Currant 6 ool A
‘I14-|2| AC1483 - 20 100
MCE333 - 13 20
Average Temgerature Cozfficient of & ITCi00l nA9C
Qutput Offset Currant
{Ta = 010 +7¢°C) MC1355 - 20 -
(Ta = -552C 10 +125°C) MC1535 - 20 -
Frequency R2sponse
3.0dB Sandw'dth, R = 11kQ 9,10, BVY3u8 - 30 - Mg
3.04d8 Barc.dth. R = 50 € (Transconductancs 3arc~ din) Taw3ds - 80 - Mz
3° Relative Phasa Shuft Batweszn Vx and Vy . to 750 Kz
1% Acso'uts Error Due 1o Input Qutput Phase Shift £y - 30 - WHz
Common A'od2 1aput Swing 11 cuv Vee
{Either Inpu?) . MC1435 £105 £12 -
MC1535 $115 £13 -
Common Modz2 Gain 1" Acm d3
{Either 1nput! MC1335 -39 -50 -
MC1535 . 50 -60 - 3
Common “tods Quizscent 12 Vo1t - 21 - Vde
Qutput Valtage Va2 - 21 -
Ortfarantial O.tout Voliage Swing Capability 9 Va - 14 - Vpear -
Power Supply Sersitivity 12 s* - S0 - mV.V
s” - (] - )
Power Supply Cuerent 12 7 - 50 7.0 mA
OC Power Dissioation 12 P - 135 170 mw
-__—_—_____-_’—'
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. P oa—aid S nd
MAXIMUM RATINGS (T = +25°C unless otherwise noted) - o ]
Rating Symbol Value Unit
B Applied Voltage . Y « 30 Vdc % .
V2-Vq, V14-V1, V1=Vg, V1-V13, V-V, , -
, V1-Vg. V12-V3. Vg-V7, Vg=V3, V4-Vv9) - i ¢
Ditferentisl Input Signal Vi2-Vg (64193 Ry} ‘Vde
. V4-Vg |. 26413 Ry} Vde
Maximum Bias Current _  _ ___ w13 - 10 mA
" 113 10 P
Power Dissipation (Package Limitation) Pp B
! Ceramic Pachage i N 750 m\h(l)
o Derate above T = 4259¢C X © 5.0 mW/°C
. ; g & PO t o !
L e operal!":g_.r-e;mperaw.m Rerge o 1o TA L ¢
X o — S MC1495 | —.: 010+70 — o¢c
¢ CooaY MC1595 -~ | -85tw+125 | -
; 0~
Storage Temperature Range Tstg -65 to +150 ;- - C <
.i . {." « . s e '-;’ , -
- P i * . - = B R
. . g -
: 3 £ - H TEST CIRCUITS = = o -
i . e
FIGURE 4 — LINEARITY (USING NULL TECHNIQUE)
> s e - oV ey
* oo ! i B atan X ~ .
vy | 10 SRy Ryrisa = s 3 e g ) -
A < 3 < - - e .a-.:
-:‘/ e {T; ?" e Ja - o
& e 1 iv A .
-~ ¥ B o v '
pepaoss ] & N
P < 2 4 = "' e {
moss t
M7 1485 © L)
- veneag §
[T
" .
C - ——— . o ve
. H . .
N s
oFsSET 791 o on i i . i )
° apgssr ~ -- . :
R i e ¢
- L LAD:“JST N
scaig 5h s —o vy
FalToR __L NOTES.
22457 T C1uf Adpem “Scatt Facior Adyst™ tor g ¥ e VE -
L — T sche it for dieminaove poodzser oy -
= bt 20! Deci{wg 120 15 zendiron: ¢
FIGURE 5 — LINEARITY (USING X.Y PLOTTER TECHNIQUE)
¥ l Rys15%  Axsisy
iv
TR s § m " 81 1r
* ‘:""_a_‘ 1 sn' ﬁ! 'ol..s ~ .
- [} LINERLTS S =
VX weIsgsL 2
] wCTagsL) —© | g - :
\y S—u < PLITTER Xy PLOTTER :
OFFSET ALJuST LISERIE S v !
ISEE FIGURES 134 100 12 " f VIR PLOTIER | xaneut : I
(l —— *
= i
e, g =
12 R3=13714
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F{GURE 6 — INPUT AND OUTPUT CURRENT
+32v .
Ry=15k Axs15k v
5k *
s és s}&m 411 _ an
1% —O -O——AAA————+
e A g 9 . 1
i O t2
: — MC1595L -—
\ | . ig 8
fx (MC1435L) N !
ped p=od .
o g 12 18l -
b o
—--vaw% =0
! 12 3
[]
{ .
Pk 12
4 gromal
Vs ;[“‘\- SiALE 50%
“h. FACTOR
= abssT. .
-~ - 4 :-~-— ~——
! - -
r——d s , = b
~>= '  FIGURE 8 = OUTPUT RESISTANCE
1 .
I'd A
ge Ry =15k Rx =15k v
r
.t 1 .
_ . . 5§ s%éw %n e T
3 - O———AAA———b
S ‘r L\ P
=1k
MC1535L & I ". ] -
: (MC1435L) - .
i 18 1k 3
i,
i UlyF
. IOV(ms) ‘ l
: - 137k 20 Hz —
SCALE J
FACTOR .
ADJUST. . A
A Ao RLLZ 2!
FIGURE 10 —~ BANDWIOTH (R =50 {2)
Ry =510 Ax 2510 Voe-lsy
a2 1OV {rg) 4 !
e MC1535L
(MC 1495L)
SCALE
FACTOR
ADIUST.

A~

MOTOROLA Sémiconductor Products Inc.

TEST CIRCUITS {continued)

FIGURE7 — INPUT RESISTANCE

e) = 1.0V {rms) Ry=151 Rx-ISk

20 He i
- 10M :, 3 6?: = 1 g‘“‘

e
MC1595L 2 nux
(MC 14358} HO—AAA 4
= ' 1 m
3
= = __gn¢ | d 3135« .
: _-f_-__ 07w 3
50 - = /_l
Rixx = RiNY =R —'Zl
~T= -5V

FIGURE 9 — BANDWIOTH (R =11 k)

Ry =15%¢ Rx = 15% Wy

\ 1 56§ m - T .
a2 1.0V (rms) C b ! 91k
r—o— -O—AA—2 4
{ 9 2 11k
8, e ] _O_J b
\/ y MC1535L M i '” .
A, [
T, {34C1335L) !
12 13 on
= TN G T
SCALE
FACTOA —— ¢ s205l
. ADJUST
FIGURE 11 — COMMON-MODE GAIN and
COMMON-MOOE INPUT SWING
15 % 5% 12V
Cutvyx

{f=2042

CMvy
(=20 Hy)

Ve
Agy = 20495 T

AL
or 20:0g WY

—_— - =
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N - e vimme = 1= = = —-TEST CIRCUITS (continued)

FIGURE 12 — POWER SUPPLY SENSITIVITY

FIGURE 13 — OFFSET ADJUST CIRCUIT

Weght v " 85250~y

37y TR 32V . v
‘ v On T
T ¢ Sm ﬁ? 1 %Ik - R
! o ) 2.0
R % 2 Tk v
MC1535L . N
! 8 MC12950) O“F"M’*
] - Pot 11 POT 42 0PN
. . 14 1R8N - [ INY
7 ¥ —O—T——'ww  yorrseTans T ® 104 194 X OFFSET ADS
{ ] . . - . — 1 .
i B vz v _|0vuF T
1.F S 131k T - YW ;
= ) SR
visviav] ™ - Sk =
o= 2Vol- Vooll R0k [ 22k B
Lol PP S o Av‘ .- - -
T e . ! 2.
5« B0V01 - Vo2l g - ey
ave e
. FIGURE 14 ~ OFFSET ADJUST CIRCUIT [ALTERNATE)
' N v* crl o~ B -
——— R - -» -
51V . ;
jr< B
[ Pot 71 POT #2 SReaa
TOPINE
Y BFFSET AD) LA 0N X OF FSET ADJ
- 4L
51V N,
- v:oaEv 32! 2% .
YROO2k 51k, .
S5y
OUTLINE DIMENSIONS -
MILLINMETERS]  INCHES )
2 CERAMIC PACKAGE DIM MR peAX T WIS | MEX |
z CASE 632 A 1168 159  CEsniO7E
TO-116 B 585 I T 005
AR - 070
. D 0381, 058%] GOIE 1 002
s 2077 17 0030 070
! -} G  25:BSC . 100 BSC
) 0203 C361] G008 [ 0015
K 2887 - 0100 -
1 1 76:85C B 33 BSC
‘\ N " 0y M - ;150 - 150
T . i l\..\‘! N 05 . 076 | 0020 : 0.030
~Gh—  seating Ky Pl - iBn] - Te3s
PLENE At JEDEC dimensions and notes apply.

Circuit o.agrams utilizing Motorols products are included as 8 means
of allustrating typical semiconductor applications, consequently,
complete information sufficient for construction purposes is not
necessarity given. The snformation has been careully checked and

is believed to be entirely reliable.

However, no responsibility is

assumed for inaccuracies. Furthermore, such information does not Core
convey to the purchaser of the semiconductor devices described any Y
license under the patent rights of Motorola Inc. or Sthers. 1.

@ MOTOROLA Semiconductor Products Inc.
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TYPICAL CHARACTERISTICS

-4
i . .
FIGURE 15 — LINEARITY versus TEMPERATURE (-, FIGURE 16 — SCALE FACTQR versus TEMPERATURE
ie s foem e .
‘ERAJURE 20 6.110 u’\ : : -
TS i 2
—t—Ts : .
. |
16 \ \
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Do 14
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OPERATION AND APPLICATIONS INFORMATION

1. Theory of Operation

The MC1595 AC14E5) is a monolithic, four-quadrant multi-
. her which operates on the principle of variable transconductance.
Tw¢ detaled theory of operation is covered in Application Note
48489, Analysis and Basic Operation af the MC1595. The result
of this analysis is that the differential output current of the multi-

“plier is given by .
T 2VxVy
“ A-lg = R_XRY|3

where Lo and Ig are the currents into pins 14 and 2, respemve'v,
3~d Vx and Vy are the X and Y input_volitages at the multiplier

mput terminals, T
2. Design Considerations LR TuE
P R [
2.1 General . B e ne i S

The MC1595 (MC1495) permits the designer 10 tailor the
muhnpher to 3 specific application by proper selection of.ex-
ternal components. External components may be selected to
optimize a given paremeter {e.g. bandwidth) which may in turn
restrict another parameter {e.9. maximum output voltage swing).

Eachimportant parameter is discussed in detail in the following
paragraphs. :

2.1.1 Linearity, Output Error, ERxorERpy

Linearity error is defined as the maximum deviation of out-
put voltage from a straight line transfer function. [t is expressed
aserror in percent of full scale (see figure below).

if the maximum deviation,
=100 mV a~d the fuli scale output is 10 volts, then the
percentage erroris

For example, VE(max), is

VE (s 3
Ep= M 100 10921073 00 = £1.0%.
Votmaa} 10 =

€

Linearity error may be measured by either of the fotlowing
methods:

1. Usingan X — Y plotter with the circuit shown in Figure 5,

obtain plots for X and Y similar to'the one shown above.

2. Use the circuit of Figure 4. This method nulls the leve!

shifted o.tput of the multiplier with the original input.
The peak output of the null operational amplifier will be
equal to the error voltage, VE(max)

One source of linearity error can arise from large signal hon-
linearity in the X and Y-input differential amplifiers. To avoid
introducing error from this source, the emitter degeneration
resistors Ry and Ry must be chosen farge enough so that non-
linear base-emitter voltage variation can be igr:\bred. Figures 17
and 18 show the error expected from this source as a function
of the values of Ry and Ry with an operating current of 1.0 mA
in each side of the cifferential amplifiers li.e.. 13= 113 = 1.0 mA).

- . e e ———

AA MOTOROILA Semiconductor Products Inc.

2.1.2 3 dB-Bandwicth and Phase Shift :

Bandmdth is primarily dexermmed by the load resistors and
the stray multiplier’ output capacitance and/or the operational
amplifier used to leve! shift the output. If wideband operation
is desired, low valué load resistors and/or a wideband operationat
amphiier should be used. Stray output capacitance will depend
10 @ large extent on circuit layout.

Phase shift in the multiplier circuit results from two sources:
phase shif{ common 'jo both X and Y channels {due to the load
resistor-output capacitance pole mentioned above) and relative
phase shift between X and Y channels {due to differences in
transadmittance in the X and Ychannels) If the input 10 output
phase shift is only” 0. 6°, the ompul pvoduct of two sine waves
will exhibit a vecior error of 1%. A 3° retative phase shift be-
tween Vy and Vy results in a vector error of 5%. \

2.1.3 Maumum lnp.n Voltage

Vx(max) V¥ {max) maximum mput voltages must be such
that:

= Vx(max) <!13Ry
VY(max) <'3 Ry.

Exceeding this value wiil drive one side of the input amplifier to
*cueroff” and cause non-linear operation.

Currentsizand {3 are chosen at 2 convenient vatue {observ-
ing power dissipation limitation] between 0.5 mA and 2.0 mA,
approximately 1.0mA. Then Ry and Ry can be determ.ned by
considering the input signal handling requirements.

For Vx(max) = VY{max) = 10 voits;

10V
Rx = Ry > = 10 k2,
¥ Y 1.0 mA
‘ 2VxVy - .
The equation lp - Ig = ——
RxRylg S,
2VxVy
is derwved from 1 - Ig =
(3
(Rx+2 ) (Ry + 3_»13
13 ql3
2kT
with the assumption Ry >—— and Ry >
qliz gl3

AtTp=+25%Cand 193 = I3= 1 mA,

k&,
AT 2T oo,
a3 al3

Therefore, with Ry = Ry = 10 k2 the above assumption is valid.
Reference to Figure 19 will indicate limitations of Vi (max} ©*
Vy(max) due 10 Vq and V3. Exceeding these limits will cause
saturation or “cutoft” of the input transistors. See Step 4 of
Section 3 (General Design Procedure) for further detanlf.

2.1.4 Maximum Output Voltage Swing i

The maximum output voltage swing is dependent upon the
factors mentioned below and upon the particular cucun being -
considered.

For Fogure 20 the maximum output swing is dependem res
upon v* for positive swing and upon the voltage at p‘m 1 for linv
negative swing. The potential at pin 1 determines the qunes-a”

cent fevel for (rans:sxors Qs Qg. Oy, and Og. This poxentual uf
1 e -1

ke

T

;
!

N e e =
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OPERATION AND APPLICATIONS INFORMATION {continued)

£, gs shown shduld be related so that negative swing at pins 2 or 14 does 1t an operational amplifier is used for leve!l shift, as shcwr
2¢) i} greaily not{saturate those transistors. See Section 3 for further infarm- in Figure 21,®aiomput swing (of the multiplier) is greatly
atipn regarding selaction of these potentials. reduced. See Bection 3 for further details.
]

3. General Design Procedure 3
ated ny e : Selection of component values is best demonsirated by the
asttte Xosad FIGURE 20 — BASIC MULTIPLIER fo{lowing exfarx:vple: assume resistive quvugers arz used at the X and
1ol Wy - Y inputs to limit the maximum multiplier input to £5.0 Jolts (Vy =
cF s .- Vy[maxﬁfor.a £10-voltinput V" = Vy“[may)) {SeeFigure 21)

7 hd 1€ an overall scale factor of 1/10 is desired, then
] 1 SRL
' "x Ry ' 1 sy 2Vx) (2v .
VX vy X 2V¥! _anovyvy.
[ wm 508 o ‘ CRT 10 -
| R 2 »
o - 2 Therefore, K = 4,10 for the multiplier {excluding the divider
: *—0—- °
o ¢ network).
- - MC1835 IN L Step 1. The first step is to select current 13 and current 113
Con MCI535L o L Py . . .
e MC1435L) Thereare no restrictions on the selection of either of th2se currant;
top * e Xk O by except tha powser dissipation of the device. 13and 113 will normally
oo R N 2: i be one or two milliamperas. Further, |3 does not have to be :qual
e . n'_qL—l— 1o 113, and there is normally no nead to maka them different. For
e R N this example, let
e 13 b .
= 'l] e
=7 ‘ I3=113=1mA.
v A a3
o LI J I To set cureanis 13 and 113 to the desired valuz, it is only
. i necessary to connect a resistor between pin 13 and 3round, and be:
sy ;o - = = tween pin 3 and ground. From the schematic shown in Figure 3,
. - - V- P .-
5 : s
FIGURE 21 — MULTIPLIER WITH OP-AMPL. LEVEL SHIFT »
-5V . 15V
® 15V
Ry Ry ) 33
16 194 3t 2% 0.1 4F
1O 1 ms 7 1
W 4 2
Vy . + p—0
Vy
10 .
ME15350 — vy s XYY
MC1335L 10
i 3 o
Vs A . o
vx
e
° 3 f,] 1 f,n #; <le m
- 12} :E 13x L1y
R] . 3 *
l 51 2\ Ry WLSE
bom B3N
74| OFFSET
SCALE
FACTOR J ADIUST
ADST = = =
SV MY vareser |7 CooEsET »
SBY <y LNV 10437 22037
R 10« 3]
2a 2%
SISV BN AA e ANA @ 1§ Y
10 f N
S1V j*: S1V
...... -— —T - —_ - N .
MOTOROLA Semiconductor Products Inc. —_
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OPERATION AND APPLICATIONS INFORMATION {continued)

11 can be seen that the resistor values necessary are given by: -

Ry13+500 = \.W l-07v

s I3 -
-1 - 7‘ %
R3450052=M._v
I3
Let V-=_15 vy
. o R I T

Then Ry3% 500 = R13= 13.8 k¢

. n Ry3+ 500 Tma ' F13=138k0

e Lel Ry3=12k0

Similarty, R3=13.802

et Rz=a5ka ¥
Howeever, for applications which require an accurate scale factor,
the adjustment of R3 and consequently, 13. offers a convenient
method of making a final trim of the scale factor. For this reason,
as shown in Figure 21, resistor R3 is shown as a fixed resistor in
series with 2 potentiometer.

For applications not requiring an exact scale factor (balanced
modulator, fregsency doubler, AGC amplifies, etc.}, pins 3 and 13
can be connected together and a single resistor trom pin 3 to ground
can be used. In this case, the single resistor would have a value of
one-half the above calculated value for Ryz.  *

Ve e e - I

Step 2. The next step is 10 select Ry and R y. To insure
that the input transistors will always be active, the following condi-
tions should be met:

\Y Vy

-i<|13 — <|3.

Rx Ry .
A good rule of thumb is to make 1I3Ry 2 15 Vy{max} and
H3RXZ 15Vy(n.).

The larger the 13Ry and 13135 product in refation to Vy
and Vy respectively, the more accurate the multiplier will be {see
Figures 17 ang 18).

Let Ax = Ry = 10k

Then iRy =10V
|13Rx =10v

SINCE VX (rmax) = Vi (max) = 5.0 volts the vatue of Rx=Ry=10k2
15 suificient,

©  Step 3 Nowthat Rx, Ry and 13 have been chosen, Ry can
be determined

2R 4
) RxRyls ;3
ot (2) (Ry) : 4

{10k} (10k) 1T mA) 10

Thus R = 20 ke,

Step 4. Todetermine what power-supply voltage is necessary
forthis application, attention must be given to the circuit schematic
shown in Figure 3. From the circuit schematic it can be seen that
in order 1o maintain transistors Q3. Q2. 03 and Qg4 in an active

region when the maximum input voltages are applied (Vy' = vy =
10VorVy =60V, Vye50 V), their respective collector voltage
should be at least a few tenths qf a volt higher than the maximum’
input voltage. ‘It should also be noticed that the collector voltage
of transistors Q3zand Qg4 are at a potential which’is two diode-drops
below the voltage af pin 1. Thus, the voltage at pin 1 should be about
w6 volts higher than the maximum ‘input voltage. Therefore, 10
handle +5.0 volts at the inputs, the voltage at pin 1 must be at least
+7.0 volts. Let V4= 9.0 Vg, ¢~

=1t~ Since the currént‘following into pin 1 is always equal to
213, the voltage at pin 1 can be set by placing s resistor, R4y from
pin 1 to the positive supply: ’

vtovy -
213

P_1=

- Let v'=415V

Then R. < 15V-9V" .
(21 (1 mA)
Ry =3k

. : <
-Note that the voltage at the base of transistors Q5. Qg.'Qy and Qg -
is one diode-drop below the voltage at pin 1. Thus, in order that
these transistors stay active, the voltagé at pins 2 and 14 should be B
approximately halfway between the voltage at pin 1 and the positive-
supply voliage. For this example, the voltage at pins 2 and 14 shouid
be approximately 13 volts.

Step 5. Leve! Shitiing

For dc applications, such as the multiply, divide and square-
root functions, it is usually desirable to convert the differential
output to a single-ended Output voltage referenced to ground.
The circuit shown in Figure 22 performs this function, Itcanbe -
shown that the output voltage of this circuit is given by:

Vo =lig=114) R

2xly _2VxVy
I3 - 13R xRy

And since g -lg=1g-l4g=

2Ry Vi 'Vy*
4ﬁxRx|3 where Vx'Vy*is the voltage at the
input 10 the voltage dividers,

Then Vo =

FIGURE 22 — LEVEL SHIFT CIRCUIT
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The choice of an operational amplifier for this application
ave low bias currents, tow offset current, and a high
POt 0diman mode input voltage range as well as a high common-mode
€2 1kjetiod ratio. The MC1556, and MC1741 operationat amplifiers
meet these requirements. -

=% Referring to Figure 21, xhe level shift components will be de-
termined. When Vx =Vy =Q, the currents 13 and | 14 will be 2qual
to113. InStep 3, Ry was found to be 20 k2 and in Step 4, V5 and
Via we(e found to be approximately 11, volts. From this informa-
tion, ﬁo can be found aasily from the followmg eguation (neglect
ing the operational amplifiers bias current):

4

OPERATION AND APPLICATIONS INFORMATION {continued)

passible as shown in F-gure 23 where Ry has been increased sub
stanually to improve the Y’ Imeémy and'Ry decraased somewha
so as not to materially affect the X linearity, this avoids increasi )
R significantly 1n ordar to maintain a K of 0.1.

The versatility of the MC1595 {\VIC1495) allows the user tc
to optimize its performance for various ingut and output signa
levels.

4. Offsat and Scale Factor Adjustment

4.1 Offset Voltages
Within the monolithic multiplier {Figure 3) transistor base-

<

» ’. . . . . -
‘ \2 +133= V' -V emitter junctions ar2 typically matchad within T mV and res.510rs
R R are typically matched within 2%. Even with this caraful maich-
L o !
N ing, an output arror can occur. This outzut error is comprised
. - of X-input offsetr voltage, Y-input offset voltage, and output-
And for this example, 11V | REA AR offsat voltage. Thase 2rrors can be adj-astad to z2rd with the tach-
o 20k 0 t1mA = ] niques shawn in Figure 21. Offset tarms can be sho.wn ana-
! o lytically by the transfer function:
SOXYJE'g“for Ro. Ro =28k Vo = KiVx £ Viox2Vx off! (Vy £ VioY&Vy off! £ Ve (n
Thus.setect R = 3.0k0 Whera K = scalz factor
P y Vx = X input voitage
For BRg = 3.0 k<2, the voitage at pins 2 and 14 s calculated to be VY = Y.nput voitage
G 4 i VIOX = X input offset voltags
, V2 =Vi4 = 10.4 volts, VIioY = Y input offset voltage
Vi off= X input offset adjust voltage .
The linearity of thiscircuit {Figure 21) is likely to be as good Vy off = Y input offset adjust voitzge
or beiter than the circuit of Figure 5. Further improvements are Voo = output offset voltage.
. S »
FIGURE 23 - MULTIPLIER WITH IMPROVED LINEARITY
\ ) 15V
s
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! X Qffsez

3(, Y and Oy!put Offser Voltages
Vo Output Ve [/Ou!pux-
Offset Offset
T T

Vx

/]

/

——

10

Y Offset

*  Formostde applications, all three offset adjust potentiome-
ters {Py. P2, P4l will be necessary. One or more offset adjust
potentiometers can be eliminated {for ac epplications (See Figures
28, 29, 30, 31},

If voell rezotated supply voltages are available, the offset ad-
just circit of Figure 13 is recommended. Otherwise, the circuit
of Figure 14 5l greaqy reduce the sensitivity 10 power supply

changes. n o

4.2 Scz'e Fazror AR
The sczle factor, K, is se1 by'P3'!Figure 21, Pzvariesizwhich
inversely cortrols the scale factor K. 1t should be noted that
current 13 is ane-half the current through Ry. Ry sets the bias
level for Og. Og, Oy, and Qg'(Seé Figure 3). Therefore, 10 be
¥ surethatthesedevices remain active under all conditions of input
and output swing, care should be exercised in adjusting P3 over
wide voltage ranges (see Section 3, General Design Procedure).

4.3 Adjustment Procedures

The folloning adjustment procedure should be used 10 null
the offsets aad set the scale factor for the multiply mode of
operation, (Sze Figure 21)

1. X Iaput Offset
(2] Connect oscillator {1 kHz, § Vpp sinewave} 10 the
Y input (pin 4)
(b} Connect "X’ input (pin 8} 10 ground
" {c) Adjust X offset potentiometer, Py, for an ac null
a1 the output
2. Y Input Offset
(3} Connect oscillator {3 kHz, 5 Vpp sinewave) 1o the
X" ingut (pin 9)
{51 Connect 'Y’ input (pin 4) 10 ground
(¢} Adjust 'Y offset potentiometer, Py for an ac null
h &1 the output
3. Quput Offset
{a) Connect both “X' and “Y* inputs to ground
{5} Adjust output offset potentiometer, P4, unti the
outputvoltage Vy, is zero volts de
»4. Sca'e Factor
- ta) Apply +10 Vdc to both the X" and Y " inputs
{b] Adjust P3 to achieve + 10.00 V a1t the output.
5. Repeat steps 1 through 4 as necessary,

Theability 10 accurately acjust the MC1595 {MC 3495)
depends upon the characteristics of potentiometers Py
through P4. Multi-turn, infinite resolution potentiomet-
ers with low-temperature coefficients are recommended.

5. DC Applicatioqs

5.1 Multiply

The circuit shown in Figure 21 may be used to multiply
signals from dc to 100 kHz. Input levels to the actual multi-
plier are 5.0 V {max). With resistive voltage dividers the maxi-
mum could be very farge — however, for this application two-
to-one dividers have been used so that the maximum input
levelis 10 V. The maximum output level has also been designed
for 10 V (max).

=—-  —==0OPERATIONAND APPL!CA.T'IQNS INFORMA'I;ION {continued)

@ MOTOROLA Semiconductor Products Inc.

5.2 Squaring Circuit

I the two inputs are tied together, the resultant function s
squaring; that is Vg = KV2 where K is the scale facfor. Note
thatall error terms can be eliminated with only three adjustment
potentiometers, thus eliminating one of the input offset adjust-
ments.  Procedures for nulling with adjustments are given as
follows:

1. AC Procedure: .
" {a} Connect oscillator (1 kHz, 15 Vpp) to input

{b} Monitor output at 2 kHz with tuned-voitmeter
and adjust P3 for desired gain (be sure 1o peak response
of the voltmeter) e R -

{e) Tune voltmeter to 1 kHz and adjust Py for a min. ,
imum output voliage

{d) Gréund input and adjust P4 (output offset) for -
2et0 volts dc output '

{e) Repeat steps a through d as necessary.

2. DC Procedure:

{al Set Vx = Vy = 0 V and adjust P4 {output offset
potentiometer] such that V, = 0.0 Vde_. -

{b) Set Vx = Vy = 1.0 V and adjust Py (Y input
offset potentiometer) such that the output voliage is
+0.100 volts

{c) Set Vyx = Vy = 10 Vdc and adjust P3 such that the
output voltage is 4+ 10.00 volts .

(d) Set Vi = Vy =-10 Vdc. Repeat steps a through
d as necessary. ~ \ .

¥

FIGURE 24 — BASIC DIVIDE CIRCUIT

KVy Vy

Ry J
——e V'Y

i

5.3 Divide Circuit

Consider the cireuit shown in Figure 24 in which the multi-
plier is placed in the feedback path of an operational amplifier,
For this configuration, the operationat amplifier will maintain
3 “virtua! ground” at the inverting {-) input. Assuming that the
bias current of the operationa! amplifier is negligible, then Iy =
I7 and

“YxVy V2 1
R1 R2
) -R1 Vz 2
Solving for Vy, Vy *RZK Vx * BN aIh
H  R1-R2 ; 1,
vy =2 I
Y " kvx 3 .7,
1 R1=KR2 . g
- 1c
Vy = -v_z . { (4) T p!
Y ‘
Vx ! fci?

e
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Hence, the output voltage is the ratio of Vz to VX and provides
admde tunction. Thisanalysis is, of coursa, the ideal condition.
gI‘f thq multiplier error is taken into account, the output voltage

eiated 1o
ariants

shown l'ﬂ‘ fouind to be
f R1Vz
> Vy = - b (s)
.3 and R2 K Vx KVx
voastof

it 0 where &E is the error voltage at the output of the multiplier,
Fram this equation, it is seen that divide accuracy is strongly
dependent upon the accuracy at which the multiplier can be

"det, particularly at small values of Vyy. For example, assume

""that R1 = R2, and K = 1/10. For these conditions the output
t?f the divide circuit is given by:

-10Vz 10 E
VY L O * (6)
Vx Vx
L
s« From equation B, it'is seen that only when Vx = 10 V is the
errar voitage of the divide circuit as low as the error of the
multlply circuit. For example, when Vy is small, (0.1 volt)
. the error voltage of the divide circuit can be expected to be a
'hundred times the'error of the basic multiplier circuit.
7~ 1n terms of parcentage error,
Tt . 1
" efror
percentage error = x 100%
s actual

or from equation (5}, _

OPERATION AND APPLICATIONS INFORMATION (continued) -

From equation™7,” the: per.entage error is mversely related I%
voltage V2 li.e3%or mcreasmg values of vz, the percentage
error decreases)] 172 -
A circuit thtperforms-the divide function is shown in
Figure 25. ]
Two things should be emphasized concerning Figure 25,
1. The input voitage (V'x) must be greater than zero and
must be positive. This msures that the currant out of
pin 2 of the multiplier will 3lways be in a direction com-

patibl2 with the polarity of Vz.

2. Pins 2 and 14 of the multiplier have been intarchapged
in respect to the operational amplifiers input terminatls.
In thisinstance, Figure 25 differs from the circuit connac-
tion shown in Figure 21; necessitated to insurz'negative
feedback arourd the loop.

A Sudgested Adjustmant Procedure for the Divida Cirzuit

1. Set Vz = 0 voits and adjust the output offset potentio- .
meter (P4) until the output voltage (V) remains at same
{not necessarily z2ro) constant value as V' is variad
between +1.0 voit and +10 volts.

2. Kesp Vz at 0 volts, set V' at +10 volts and adjust the
Y input offsat potentiometer (P} until Vg = 0 volts.

3. Let Vx' = Vz and adjust the X input offset potantio-
meter (P9} until the output voltage remairs at some (r.ot
necessarily - 10 volts) constant value as Vz = V' is
varied betiwazn =1.0 and +10 volts.

4. KeepVyx'=Vzand adjust the scale factor patestiometer
{P3) until the average value of Vg, is - 10 volts as Vz &
V' isvaried between +1.0 volt and #10 volts. -

5. Repeat steps 1 through 4 as necessary to achi2ve opti-

164 APPENDIX B

YA pe mum performanca.
' KV ), »
PEp = W_)\S/_ [RZ E . ) 5.4 Square Root o
R1]V | . .
Z vz A special case of th2 divide circuit in which the two "puts to
Rz K VX the multiplier are conrectad together is the square root function
FIGURE 25 —- DIVIDE CIRCUIT
-18v -1y
T 4
+ 9 -3
3 £3 g: i l
13« Ix 0 3
m. lcl ¥
m m ’1_-,]: T J1uf
13 - -
- e b
1% LA EELTR MCITSS ®,
IMET435L) [RUS FER b}
= 10vz
- Vg ¢ —=
10y 9 2 VX
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0L 39 1 g 12 L
— L AN -7
= 131 b M
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1 . — OPERATION AND APPLICATIONS INFORMATION (continued)

¥vo? meisest | *
WEIAEEL)

2s indicated in Figure 26. This circuit may suffer from
latch-up problems similar to those of the divide circuit. Note
that only one polamy of input 5 allowed and diode clamping
“{see Figure 27) protects against accidental latch-up. *
This circuit a'so may be adjusted ir the closed-lcop mode as
follows:
-1. Set Vz to - 0.01 volts and adjusl P4 (output offset) for
“Vo = +0.316 volts, being careful 10 approach the output
from the positive side to preclude the effect of the out
put diode clamping.
2. Set V2 10 - 0.9 voits end adjust P3 (X adjust) for Vg =
+3.0 volts.
3. Set Vz 10 - 10 volts and edjust P3 (scale factor adjust)
for Vg = +10 voits.

4. Steps1through 3 may be repeated as necessary to achieve
des'red accuracy.

6. AC Applications

The spplicetions that follow demonstrate the versatility of the
monolithic multiplier, . 1f 2 potted multiplier is used for these
ceses, the results generally would not be as good because the potied
units have circuits that, s'though !hey optimize dc multiplication
operation, can hinder ac apphcanons

6.1 Frequency doubling ofien is done with 8 diode where the
fundementa! plus o series of harmonics are generated. However,
extensive filtering is required to obtain the desired harmonic,
and the second harmonic obtained under this technique usually
is small in magnitude and requires amplification.

When 8 multiplier is used to double frequency the second
harmonic is obtained directly, except for a dc term, which can
be removed with ac coupling.

— %
e- = KE2cos? wi

¥ 2
€g 5%— {1 4 cos 2ut), -

A potted multiplier can be Used 1o obtain the double fre-
quency component, but frequency would ke limited by its
internal fevel-shift amplifier. In the monohthnc units, the ampli-
fier is omitted.

In a typical doubler circuit, conventional + 15-volt supplies
are used. An input dynamic range of 5.0 volts peak-1o-peak is
allowed. The circuit generates wave-forms that are double fre-
quency; less than 1% distortion is encountered without filtering.
The configuration has been successfully used in excess of 200
kHz; reducing the scale factor by decreasing the load resistors
can further expand the bandwidth.

A slightly modified version of the MC1595 (MC1485) —
the MC 1596 (MC1496) — has been successfully used as a doubler
to obtain 400 MH2. (See Figure 28.}. -

6.2 Figure 29 represents an appli_catidn for the monolithic
multiplier as a balanced modulator. Here, the audio input signal
is 1.6 kHz and the carrier is 40 kHz.

FIGURE 27 —~ SQUARE ROOT CIRCUIT

@ MOTOROLA Semlconductor Products Inc.
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OPERATION AND APPLICATIONS INFORMATION (continued)

. .

anis FIGURE 28 — FREQUENCY DOUBLER The defining equation.for batanced modulat.on is *
Ry Rx - K(E 05 wmt) (Eg coswct) =
8.2« 24 veg e tisy
59 53 KEcEm *
< .
oot i . [cos lwe + wp) t + cos lwe = wmit]
€ cos ot ’
: . : 3 . . .
i uons £ K5 Veg! [ :: where we is the carrier frequency, wm is the modutator fra-
S . MCISS5L : L :
A . oerler ¥ 9 Biriind quency and K is the multiplier .gal_n constant.
3h S U apst &0 AC coupling at the output 2liminates the nzed for level trans-
I3 SARETRR TN : 17 lation or an oparational amplifier; a higher opzrating fraquency
; — results. N
s rabe _[:__ A problem common to communications is to extrict the

T 3 3 ! N intelligence from single-sideband raceived signat. The ssb sigral
*SELECT I is of the form
63+ 10.F g2 essh = A cos lug + wmlt
. = 6@ ﬁmz =t
. . = and if multiplied by the appropriata carrier wav2form. cos wet,

-1y

sed] o3 et 1 s o AX . ‘o,
B N e e s oot o, esspecarrier = —5- (€08 (2w¢ + wmlt + cos el
e Forthis nampleiterpat w35 10 47 5572l uiut .

. . was 0 < 3 If the fraquency of the band-limitad carrier signal, w¢. is ascer-
v 7 tained in advance the dasigrer can insert a low-zass fiiter and
- - obtain the {AX/2) [cos wgt) term vith ease. He a’so canuse an
e FIGURE 29 ~ BALANCED MOOULATOR * operational amplif:2r for a combination lew2! shift.actis e filter,
. . . 4 : A as an external component. But in potied multipliers, aven if
' . b "‘5" the frequency range can be covered, the operatianal amplifier

is inside and not access’ble, so the user must accept th2 le‘;.l
shifting providad, and still add a low-pass filter,

p
(A) a
3% 82
Fag 3
L. ) L 6.3 Amplitude Modulation

4 1 3%
ety « Ecas it @———O— —O-AWA— The multiplier performs amplitude modulatisn, siruiar o
] AL balanced modulation, when adc term is addead to the modulatifig
X Eaat=et ] MC1595L Iy 3 signal with the Y offset adjust patantiometer. (S22 Figere 30!
[—OW—e
v - MCHBY La,
*——0—] < . -
OFFSET S31y Hers, the identity is

AQUUST 12
X —-a

1

E {1+ mcoswmt Becs gt = KERE s ~ct =
m mti e c m=e c

1
. seLe KEmEcm
SELECT T > fcosh_c - ‘-'rn” * cOs 4_.‘: - -~'r-".“:
§3x t
= F whars mandicates t=2 degra2 of modulat’cn. Sinc2
8V abia, viz potentiormater Py 100%: moadulatonisc ) )
out 2iensing tweak.r3, 967, modL 2t onmay L2 o b
é-(:-\s!_o

we and oy 3r2 the sam2 2sn th2 natanced-mocLiains

(8)
6 4 Linear Gain Contro!

To obtsin linaar gain contral, the d2sign2r can f2ed 10002
of tha two MC 1535 (MC1493) inguts a signal that ol zary t~2
unit's gan. The following 2xampl2 d2monstrat2s tne fzasbil.ty
of this apotication Suppose a 200 kHz sire wava, 10 volt
peak to-pask, is thesignal to which a gain control w N b2 add=d
Tha dynamic rang2 of the control voltage Ve is 0 to *1 0 valt.
Thess must b2 ascertained and thz propar valuss of Sy and Ty
can b2 selected for optimum performance. For th2 200-kH L
oparating frequancy, 1oad res.stors of 100 ohms ~.ar2 chosen 0
broaden tha operating bandwidth of the multipli2r, Dut g3 w8
sacrificad. 1tmay be made up with an amplifier oparatimg it 5’,‘;
appropriata fraguency. (Sze Figure 31.)

- ——— . — —_— - N
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] FIGURE 30 - AMPLITUDE MODULATION
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The signal is applied 16 the unit’s Y input. Since the total
input range is limited to 1.0 volt p-p, 2 2.0-volt swing, a current
source of 2.0 mA and an Ry value of 1.0 kilohm is chosen,
This takes best advantage of the dynamic range and insures
linear operation in the Y-channel.

Since the X input varies between 0 and +1.0 volt, the current
source selected was 1.0 mA and the Ry value chosen was 2.0
kilohins. This also insures linear operation over the X input

dynamic range.

Choosing Ry = 100 assures wide-bandwidth operation. Hence,

@ MOTOROLA Semiconductor Products Inc. T

MLI8536
Ay 40

the scale factor for this configuration is

RL
K= Rnyl3
N 100 V-1
(2 k)1 k2 x 10°3)

LA

a0

The 2 in the numerator of the eEzuahon is missing 1n this scale-
factor expression because the output is single-ended and ac
coupled.

“To recover the gain, an MC1552 video amplifier with a gain

of 40 is used. An operational amplifier also could have been
used with frequency compensation to allow a gain of 40 at
200 kHz2. The MC1539 operational amplifier can be tailored for
this use; and the MC1520 operationa! amplifier does it directly.

FIGURE 31 — LINEAR GAIN CONTROL
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NOTE

Lnear gain control ol a Lol peat-0-peat signa! is
performed with 2 810 Tvolt controf vohtage. 1 VC B8
0 volt the putpu wilt 2 0 S wolt p g
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National
Semiconductor

Audio, Radio and TV Circuits

LM1596/LM1496 balanced modulator:demodulator

general description

The LM1596/LM1496 are double balanced modu-
lator-demodulators which produce an output
voltage proportional to the product of an input
(signal) voltage and a switching {carrier) signal,
Typical applications include suppressed carrier
modulation, smplitude modulation, synchronous
*detection, FM or PM detection, broadband fre-
guency doubling.and chopping.

The LM1596 is specified for operation over the
-55°C 10 + 1?5 C military temperature range. The
LM‘MQG is specified for operation over the o°c
1o +70°C tempeva!urc tange.

features

» Excellent carrier suppression

65 dB typical at 0.5 MHz
50 dB typical at 10 MHz

IWA:ﬁuslible gain and sig'na! _handling

L] Fully balmced lnpu!s and outputs

® Low offset and drift

8 Wide {requency response up to 100 MH2

schematic and connection diagrams
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Order Number LM1486J or LM15967
See NS Package JI4A
Order Number LMI496N
See NS Package N14A

typical application and test circuit
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absolute maximum ratings

Intere ol Power Tis-pateon INce 1 . 503 ~wv
Apghied V2itage 'Note 2: v
Duttarentiat tnput Sig~at {V; - Vg, S0V
Drtterental input Sigral {Vy - V0 sSeigR )V

Input Swyesl (Vy = V4, V3 - V!

B.a3 Current {ig)
8

Oo#0at 19 Temperature Range LWI336 |

Sdv
1222
-55°C 19 135 C

[RUEET 0°Cta+0'C

Storige Temperatuee Ringe

. -65'Cro-150°C

. Leac Tempersture "Solcenng, 10w : 3c0’C

electrical characteristics (Ta = 25°C, untess otherwisa specifiad, see tast circuit)

- v LMI1536 LAS1438
© PARAMETER CONDITIONS umTS
) TyP MAX TYP
Cate w Fregiarausn . Ve + 63 nVrms une ane 4 4Q uVim
‘gt 10k, ot set 2g), sted
. . * Ve 80 mVres sire wave 130 153 dVimg
o+ 10 VImz, of'set agjustet .
Ve * 300 MV, iquare mace 0.04 92 Q34 nV-s
‘e - 10 aHe, offset adiusied
Ve * 100 mV, wuare wne 20 e 20 mVery
G PR tc 2 1 0 wHz, of'set mat 40, 0ited
Carr ¢r Sy30v258.0n @ g« 10 atvz, 300 mVens 65 65 <8
. fe * 50C a2, BUMYrms tre wive
. o ; 0rhet 4 sted
. L 512Ny 300 MV ems ED] 0 ¢3
s ;
o fet 10 VMR B mV s ne ane
- F g Al ot s2usted Gl
" Trarsdruttarce Bacadin | R 5 300 . 30 100 Mz
Carmer togut Pore, Ve s 50 vVr=s 5 ¢ ane .
- 152 102, 30) MY s ucd ane
. S.Fatinput Port, Vg 3 307 MV r=5 5 #q asve 80 30 MHz
. VyeVgs 05y
- Voltage Gan, Signat Chan-er Vg =108 mvems, £ 2102 N 35 15 vy
. - Vy-Vge05vde
Ingut Ravstance, Sopr el Pore t+50H: 20 220 [ 394
2 Vy -V 33V
Irout Cozacitance, S.r et Part 1 19 30 Yme 0 20 of
Vy-va=05vae .
Single Sged Dutput Resgtance | P 10 NM2 0 42 {344
Single Taded Ducaut LETWRE A P 59 5a oF
Cagec tarce
trout 3 a8 Cur-em, thy = 1g 2 12 35 2 PEY
b2t 308 Sormamt iy -ty 2 12 4] 12 PEY
Irput O*ver Carrent a? 33 37 g2 B3
Irzut Drfiat Turee~t 27 52 32 3 A
Aserge Temzerss o2 23 ~3°C
Coecemtatirgur s [ Y=t
Ot Cormeme
Outan S*fat Turr et “tg - 13 12 =3 *3 £ #A
Aosrrge TemDerature 63 C N Ta< 175°Ge E5 I ra*c
Coe ciemt ot Outant KRR RS .41 Eg) ~a°c
Qs Commet
Seqrat 22rt Commnn Vg tg s Y Garz 53 5a Voo
IDut V3itee Famge )
Sugrat 2ot T2 mmge Mare ZERTRUERY -85 -35 33
Ag=ction At
Comman Mate Durtsent 8.3 39 v
Output Vit age
Ortiererng OQuiput Sw =5 89 39 Vo
Capatst:ty
Pusitive 3.p0ly Sarrent g Iy 2c 32 20 mA
Negariiz Scroly Current Y] 33 2 33 mA
Paaze Dissosation 1 * 3 W

Note 1: LM1396 rarng apol 26 to 2352 temperaturas to ~125°C, derats Lesariy 3t 55 mo "2 for

Ambi2nt tzmperaturs above 75°C  LMI498 rating applies i case temperatares 13 +20°C.
Nots 2° Voltage ipoli2d betwesn pics 6 7, 8-1, 9.7, 9.8, 7.3, 7.1, 8.4, 68,25, 35

o

170 APPENDIX B




typical performance characteristics

Catrier Suppression vs
Carrier Input Level
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A

SSB Product Detector

AF QyTPUY

Rymbets w poreariewrs show DIP connocuany

This figure shows the LMIS96 used as 3 sing'e sideband ISSB) suppressed carrier demodulstor (product deisctor). The
cartiar signa! is #applied 10 the carrer input port with suthicient smplitude for switching operation, A carvier input levet
of 300 mVrms it optimum. The compos-te SSB 1972 s applied 1o the signal input port with an smplitude of 5.0 10
500 mVYrms. Al outbut §pral COMPOnets tazept the denred demodulated sudio sre filtered out, 3o that an othiet
ad;ustmant is not required. This circust rmay 830 be used 35 an AM detector by spplving composite and cornier ngals
in the same manner as described tor product detector operation, .
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a Brosdband Frequency Doubler

The frequency doubler circuit shown will doubie.low-lsvel sigrals with 1ow distortion. The value of C should be chosen
for low reactance at the operating frequency. .

Sigral level at the carrier input must ba less then 25 mV peak to maintain operation in the linesr region of the sv'n't:hing
differential amplifier, Lavels to 50 mV pesk may be used with some distortion of the outaut wevelorm. if o 'u;er_'mpy't
signal is svailable a resistive divider may be Lsed at the carriar 1nput, with full $16nat applied to he signal .nput.
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cnmmaT e S
% M033403 PL
MC3303P,L
i .
‘ Specifications and Applications
Informatdion - ' ' .
QUAD DIFFERENTIAL
[ QUAD LOW POWER OPERATIONAL AMPLIFIERS . INPUT
- the MC3503 is a low-cost, quad operational‘amplifier- with true OPERATIONAL AMPLIFIERS
’ ditferential inputs. The device has electrical characteristics similar to B -
.. the popular MC1741. However, the MC3503 has several distinct SILICON MONOLITHIC
. advantages over standard operational amplifier types in single supply INTEGRATED CIRCUIT
* applications. The quad amplitier can operate at supply voltagss as )
"low as 3.0 Volts or as high as 36 Volts with quiescent currents
about one third of those associsted with the MC1741 (on a per
amplifier basis). The common mode input range includes the negztive
supply, thereby eliminating the necessity for external biasing com-
ponents in many applications. The Output voltage range also includes
the negative power supply volta .
g ) po Py o L SUFFIX
® Short Circuit Protected Outputs .CERAMIC P)\CKAGE .
¢ Class AB Qutput Stage for Minimal Crossover Distortion CASE 632
¢ True Differential Input Stage ! N TO-116
“ & Single Supply Operation: 3.0 10 36 Volts
® Split Supply Operation: 1.5 10118 Volts
® Low Input Bias Currents: 500 nA Max
® Four Amplifiers Per Pzckage
® Interrally Compensated P SUFFIX
¢ Similer Performance to Popular MC1741 PLASTIC PACKAGE
CASE 646
(MC3403 and MC2303 only)
SINGLE SUPPLY SPLIT SUPPLIES . .
30Vio30V 2 .
ovie i—— Vec Vee dﬁ .
& o b T T =15vi018v :
. o :
o - o =2 , 7
:: l o g_— Lo = PIN CONNECTIONS
Z15vVioi8y
. - gj > T Yt Out L1 =4 E Qut
1 a
[ ‘—ﬂ Vee J Vee ?N_J ] I
[2] 2]
MAXIMUM RATINGS tnputs 03 4 tnpue
Rating Symbol Value Unit l 3 12 i =
Power Supply Vohages Vde T on
Sing!'e Supply Vee 36 Vee l P i, ,VEE.éGnd
Split Supplies Vee +18 3 .
- VEeE -18 E D . -
Input Differential'Voltage Range (1) VibR +30 vde¢ inputs '-f’:_,gpg‘-;:_e‘ <
Input Common Mode Voliage Range (1} (2) Vicr 15 Vdc 2 E o 2 Enenen
17 oo
Storage Temperature Range Tsiq °c ~=J, az> Te ap
Cera’mic Package ~65to0 +150 ow [ o Sopt =
Plastic Package ~-551t0 4125 2 g |73t Fa
i RIS
Operating Ambient Temperature Range TA Sc Operating fr.
MC3503 ~55 to +125 MC350¢
MC3403 Oto+70 M(C340
MC3303 o e -40 10 485 ORDERING INFORMATIDN _ MC330:
Junction Temperature ! Ty Sc Type Temperature Range J“Pnc'l(i'éen"'
. ' i +
Ceratmc Package . ‘ - 175 MC3303L ~40°C 10 +850C - C"a’m_;s!?'f.,
Plastic Package 150 MC3303P |  -40°C 10 +85°C || piakiic.DIF
(1) Split Power Supplies. MC3403L 0°C 10 +70°C .Cerdmic DIP...
12} For Supply Voliages less than +15 V. the absolute maximum input voltage is equal to the MC3403P 0°C to +70°C , Plaste DIy,
supply voliage. | MC3503L | -559C 10+1259C | Cerarce D1P -

ourtesy ol AMatiaes?



ELECTRICAL CHARACTERISTICS (Ve « #15 V, Vgg = =15 V for MCI503, MC3403, Vg = 014 A \555 = Gnd for MCCI303,
TA = 25°C unless otherwise noted.)

aprpaegr—

s .
MC 3603 1 MC3403 MC3302
Cherscteristie Symbaol Min Typ Max Min Typ—od Max |- Min - Typ Max | “'Unit
aput-Qthad Voltage Vio - 20 5.0 - zu" “lw F - 20 80 mv
TT AR T, 1 Tiow (1) - - 6.0 - O (Y - - o | L
[ izt Current o - 30 50 - 30 ) %0 - 30 75 aAS
A Tar Thigh 1 Tiow - - 200 - - 2ce - - 250
_frasge Signal Open-Loop Voitage Gain AvoL VeV
=19V, R_=20k0, 50 200 - 0 200 - 20 210 -
TA® Thigh 1 Tiow 25 300 - 15 - - 15 - -
inguz +as Current lig - -200 -500 - -200 -500 - =200 -500 nA
Tap Thigh 10 Tiow - -300 -1520 - - -800 - - -1000 .
0u.pu1 impedance EX - 75 - - 75 - - s - ]
fe20HZ R -
Input |§“p.danc. z; 0.3 1.0 - 03 1.0 - 03 10 - Mo
f=20Hz
Ou(pu{Voingn Range VoRr . \
Ry =10k - 212 £135 - £12 £13.8 - +12 +125 -
RL-ZO\(Q 10 £13 - 210 =13 - +10 +12 -
AL = 202, TA = Thigh  Tiow 210 - - 210 - - +10 - -
Ingut Comnan-Mode Voltage Range VicrR |*13V -Vggls13.5V-Vgzl - *1IVVez|*135V-Vgel - *1IV-Vgg~13 8% -Vez - v
Cunm?n—\lod( Rejection Ratio . CMRR 70 90 - 70 <0 - 70 0] - a3
Rs < 10«02
Pow« Fupgly Currant (Vg = 0) lccee - 28 490 - 28 70 - 23 70 maA
TR =
1ags Al Output Shert-Circunt Cureent {2} ies. 210 £10 :45 210 229 =45 £13 233 143 ma
Potit.o§ Bourer Supply Rejection Ratio PSRR- - 30 150 - 30 133 - 30 130 uV
Negatve Power Supoly Rejection Ratio PSRA- - 0 150 - a0 150 - - - VY
Averyge Termparature Coethicient of Input AlyoiaT - 50 - - 50 - - 50 - pA.cC
Offset Current .
Ta~ Thigh 0 Tigw L N
Averge Terrpecature Cosflicient of Input av0/sT - ., 10 - - 10 - E- 10 - uwV.%¢
Offset Voltage ®
TA=Tngh 0 Tigw
Powar Bandwidth B avwp - 9.0 - - 9.9 - - 83 - [T}
Ay=1,R =204, V5 20Vipol,
THOD = 5%
Smail-S.gnal 3andwdth 8w = 1.0 < - 1.0 & - 19 - MMz @
Ay =1, R 2100, Vo =50mV
Stew Rate SA - Q.6 - - 06 - - 06 - Viug
Ay =1,V;=-10V 10 +10V
Aise Time tTTLH - 035 - - 035 - - 0.35 - us
Ay =R =100, Vo= 50mY
Fat Time THL - 035 e - 035 = - 13 - s
Ay=1.P 2102, Vg=80 Vv
Oversnoot os - 20 - - ) - - % - *
Ay=1, R, 21040, Voe50mV
Phase ‘Aargn om - 53 - - &3 - - £3 - Sy
Ay =18 =2.0<«0R.C 29007
Crassaver O o310rt 20 - - 1.0 - - 19 - < 13 - b
(V,n*3CMVpD Vo (* 20V D, ’
1210 <=2l J
(1) Thgn = 125°C for MCISC3, 7C5C 12¢ V23423, 259€ for MC3203
Tiow ® -S3°C for MCI533, G9€ or MC3423, 4558 tor MT3363
ELECTAICAL CHARACTER'STICS iVor =50V, Vzz » 503, Ty = 257C urless o aw o =212t}
MC 2533 MC 3253 WC3353
Characyrittic Symbdl Min Typ Vs Min Typ Mes . Min Typ Mag Unst
1aput Cf*set Viliage Vg - 2.0 59 - 20 ‘o - - 1 T
Input Ot‘set Currant Lo - 30 50 - 30 S0 - - ; LE
Tnput Suas Cur-ant g - -200 -500 - -200 -5C0 - - -39 ~a
Larje-Signal Open-Loop Voltage Gain AvoL 10 - 200 - 10 200 - 10 200 - V o=y
AL~ 20k R
Pawer Supply Re;ection Aatia PSAR o - 150 - = 159 = = 159 YR
Qutput Valtaze Rarge (3} VoR - Voo
RL*10%D, Vec * 50V 33 35 - 33 as - 33 35 -
RL'IO‘(.’!,SOV <Veg<3lov VCC"-" Vee-18 - Vee-t? Vee-1 5 - Vee-17? Ve -3 -
Powar Supoly Currant ‘ee - 25 49 - 25 70 - 25 70 |
Chanrgl Separatisn - - -120 - - -120 - - -120 - 08
f = 1.0 kMz 1o 20 kHz {Input Raferanced)

(2} Not to exceed marximum package power dissipation,
{3} Cutput will swing to ground

- -~ pu—

‘ MOTOROLA Semiconductor Products Inc.
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N © T'CIRCUITSCHEMATIC. % _ Bl Chruhry | gt
. : t. . Commonto Four ° -
. ) . a Outpurg Amplifiers = = i
{1/4 Shown) ‘) . . . ~ Vee
019}) ola
lozv
—— R R I ozoF o1y
) / Ca1e . - -
A4
023 - soh
c1 atk Q29
it Re —— Q28
e}
015
+
02 Q24
. 2 R6 013 R3
Inputs 2k 25
Q9
! T R2 Q1 e
o— Q21 Q25 L 37k l,—-{'\ou
- 06 Q30
N o J RE
Q2 as a7 (o317} 2.4k
60k .
a3 Q4 A1 as

INVERTER PULSE RESPONSE

5 V/div,

20 ps/div.

CIRCUIT DESCRIPTION

The MC3503/3403/3303 is made using four internally
compensated, two-stage operational amplifiers. The first
stzge of each consists of differential input devices Q24 and
Q22 with input buffer transistors Q25 and Q21 and
the di'ferential 1o sirgle ended converter Q3 and Q4.
The first stage ‘performs not only the first stage gain
function but zleo performs the level shifting and trans
conductance reduction functions. By reducing the trans
onduciance a smaller eompensation czpacitor {only 5 pF)
can be empioyed, thus seving chip area. The transcon.
ductance recuction is zccomplished by splitting the col-

OVeg (Gnc)_\

without seturating either the input devices or the dif-
ferential 10 single-ended converter, The second stage con-
sists of a standard current source load amplifier stage.

The output stage is unique because it allows the output
10 swing to ground in single supply operation and yet'does
not exhibit any crossover distortion in split supply oper-
ation. This is possible because class AB operation is utilized.

Each amplifier is biased from an internal. -voltage regu-
lator which has a low temperature coefficient thus giving
each amplifier good temperature characteristics as well as
excellent power supply rejection.

THERMAL INFORMATION

The maximum power consumption an integrated circuit
can tolerate at 2 given operating ambient temperature, can
be found from the equation:
TJ(max) -TA

RgyalTyp)

YWhere, PD(TA) = Power Dissipztion allowable at 2 given
operating ambient temperature. This must be greater than
the sum of the products of the supply voltages and supply
currents at the worst case operating condition,

PDITA) =

TJ(max} = Maximum Operating Junction Temperature
as tisted in the Maximum Ratings Section
TA = Maximum Desired Operating Ambient

lectors of Q24 and Q22. Ancther fezturs of this input Tempe-ature
siage is that the input common-mode range can include Rgia(Typ) = Typical Thermai Resistance Junction to
ihv: nezative suoply or ground, in single supply operation, Ambient
OUTLINE DIMENSIONS
L SUFFIX NN i GRS P SUFFIX | CIOC Al E TR LT E
CERAMIC PACKAGE B U Twal L W R PLASTIC PACKAGE °";"“ FEAL. N var g
case 632 ITIRITITT TN CASE 646 o [
YY) €2 285 a2
To-116 P Y (MC3403 and MC3303 onty) STUETOR
Reyp = 100°C/W Typicat o :g‘)-a—:-%;;_ Rgya = 100°C/W Typice! . (T H
ey T satest | LT L
2 1 (110 Friy i
-;1¢"—%‘Z%——— DAANAAN A ' oy N L B
L A Y 1 ' \ H €138 |
- r‘;—r——-f—r‘ (@] b s 2 1 4310
v“' L et L 20 ° R R
YVV, : Lol - 0 ' " | DREY WL
dp L' & JEDEC gmema e onc no1rs spDly. T VYV YY [N Y

NI
L wingiDs L TOCENT(® OF
CECIS a=(NFOPWEC PRRALLEL

LAYV eght 1958 gom

A
L
L
-y [ | v
VT N

POSITION AT SEATING
PLANE 4T WL WU

L 10
LEaDS
weinsIowiD
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V. OUTPUT VOLTAGE (VOLTS p-p}

Iig, INPUT BIAS CURRENT {nA]

«

TYPICAL PERFORMANCE CURVES

FIGURE 1 — SINE WAVE RESPONSE

S0 pvdiv.

- FIGURE 3 —~ POWER BANDWIDTH
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FIGURE 5 - INPUT BIAS CURRENT versus TEMFERATURE
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FIGURE 4 = OUTPUT SWING versus SUPPLY VOLTAGE
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National
Semiconductor °

Operational Amplifiers/Buffers

LM1900/LM2900/LM3500, LM3301 LM3401 quad amplifiers

N

general description

The LM1°00 series consists of four independent, dual
input, mtema-ly compensated ampl.fiers which were de-
signed spec-fically to operate off of a s ngle pov.er supoly
voltage and 10 provide a large output voltage swnng
These amplifiers make use of 3 currert mirror to )cmeve
the non-inverting input function. App'cation areas in-
“clude: ac amplifiers, RC active f.lters, low {requency
triangle, squatewave and pulse waveform generation
circuits, tachometers and fow speed. hign voltage digital
logic gates.

features

Wide single supply voliage 4 Ve 1036 Ve
rarge or dual supplies 32 Vo 10218 Vpe
Supply current drain independent of supply voltage

Low input biasing current 30 nA
High open-loop gain 70 dB
Vide bandwidth 2.5 MHz (Unity Gain)
Large output voltage swing (V' =1} vpp

Internally {frequency compensated fo- unity gain
Ouiput shortcircuit protection

schematic and connection diagrams

T

Order Numbar LM1500D
or LM2500D

See NS Packsge D14E
Order Number LM15004
or LM2500J
Seo NS Package J144 .
Order Number LM2S00N, !
LM3900N, LM3301N
or LM3401N
St NS Packaogs N14A !

Dust-in-Line and Fiat Package ..

'

e
—
s

tnverting Amplifier

- o_I: ,_—4—3-—0 ey
~—t 2
<7,

Low Vyn =~ VouT Voltspe Regutator

-

Non-fnverting Ampliteer

h

) i ’ 9
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application hints

When di:ving either inp_: f1em g lew-impedance source,
a limiting resistor sheoic be placed m series with the
input lead to limit the p:ak"input current. Currents as
large as 20 mA w.il nag denage the device, but the
current mirror on the £O"-mverting input will saturate
and cause a loss of m-rc- g3in a1 mA current levels—
especially at h.gh operat.-2 temperatures.

.

Precautions should be t:ien 1o insure that the power
supply for the integ-ztec < rcuit never becomes reversed
in polarity or that the u- 1 is not iradvertently installed
backw.ards in & test soches 25 an unlimited current surge
through the resuhing f2-w.a:d diode within the |C could
cause fuzing of the interra! conductors and result in 3

destroyed unit.

Output shdrt circults eithesr 10 ground or to the positive
povser supply should be of short time duration. Units
can be destroyed, not 25 3 resuly of the short circuit
Current causing metz! fuzing, but rather due to the larg'e
increase in 1C chip d'ssipation which will causeeventual
failure due “to encessive 'iunclion temperatures, For
example, when ope:ating rom 3 weilregulated 45 Voe
power supply 2t T, = 25°C with 2 100 kN shunt-
feedback resistor (f-om the output 1o the inverting
nput) ashort directly 1o the power supDly will not cause
catastrophic failure but the current magnitude will be
approximately 50 mA and she junction temperature will
be above T, max. Large- feecback resistors will reduce
the current, 11 MO provides approa'mately 30 mA, an
open circuit provides 1.2 mA, and a direct connection
from the output 10 the ronnverting input will result in
caizstrophic failure when the output is shorted 1o v*
2s this then places the base-s mitter junztion of the input
te2nsistor directly across the power seoply. Short-eircuits
12 ground will have magn'tes of appreaimately 30 mA
3nd will not cause catasi-ophic failure a1 T, = 25°C,

typical applications {con‘t)

=

Ll > ve

3

Low-Dritt Ramp and Hold Cireuit

Vo O

Unintentional signat coupling from the output to the
non-inverting input can cause oscillations. This is likely
only in breadboard hook-ups with long compone 1t leads
and can be prevented by a more careful lead dress or by
locating the non-inverting input biasing resistor :lose 10
the IC. A quick check of this condition is to by pass the
non-inverting inpul te ground with capacitor, High
impedance biasing resistors used in the aon-inverting
inpqx circuit make this input lead highly susceptible to
unintentional ac signz* pickup.

Obperation of “his amptifier can be best undetsiood by
noticing that input currents are differencect at the
inverting-input termina! and this ditference current then
flows through the external feedback resistor j0 pvodugc
the output voltage. Common-mode current bizsing is
generslly useful to sllow operating with signa! levels near
ground or even negative as this maintains the inputs
bizsed a1 +Vg, . Internal clamp wansistors fsee nete 5)
catch negative input volzages at approximately 0.3 Voc
but the magnitude of current fiow has, 10 be limited by
the external input network. For operstion at high
temperature, this limit should be wbroximately 100uA.

This new *“Norton® current-differencing amplifier can be
used in most of the applications of a standard IC op
amp. Performance as 3 dc amplifier using only a single
supply is not as precise as 3 standardd IC op amp
operating with split supplies but is adequate in many
less critica! applications. New functions are maa_e possible
with this amplifier which are useful in single power
supply systems. For example, biasing can be designed
separately from the ac gain as was shown in the
“inverting amphfier,” the *'difference irt1eg-ator” allows
controlling the charging and the discharging of the
integrating capacitor both with positive voltages, and
the ““{requency doubling tachometer” provides 3 simple
circuit which reduces the ripple voliage on 3 tachometer
outpul dc voliage,

C degr

b4
N

Bi-Ouasd Active Filte
{2nd Degroe State.Variable Network)
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typical applications {con’t)

Voltage Controlled Current Sourcs
{Transconductance Amplifier}
.

Ground Refersncing »
Ditarential 1nput Signal

Voltage-Controtied Current Sink
{Transconduczance Amplif ar)

Schmite-Trigger

|

H
Py veeamtey

AR Voo ¥yt Vat

Voltage Regulator

Buifer Amplifiar

Power Comparator

Qs
5

—Co,

Square- Wave Qsarilator

Fiued Current Sgurces

-0 =

Tacrormetsr

Pulse Generator

——— P =
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typical applications (con‘t)

Frequency Differencing Tachometer

”"” " nn

b3

vedang
apsptiangy
(LRSS

i

Squaring Amphifier (W/MHysteresis) Bi-Stable Multivibrator Ditferentistor {CommonMods

Biasing Keeps Input a1 *Vgg)

LS~
¢ O—AAN—] -
' . o—a\x\,_ (L] '
M -
2 0—aAA AN -
LS 2o
£ O—meAAA b bt ] ant
“OR"” Gate “AND" Gate Dafference integrator
L
“HY
[FEPPTSES N |
AR g

L Yems

v g

Low Pass Active Filter Staircase Generator Vg Busing

Bandpass Active Filter Low-Fraguency Mixer
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typical applications (con’t)
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{to Alic~ Hi-Z Feedback Networks)
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OnsShat Multivibratos

Y
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Chnm:cl Salsction by OC Contral lar Audio Mixer)

P S i

Non-tnverting DC Gain to {0,0)

Pymar Amptitoer

OaeShot with DC tnput Comparator
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Applications Manual for

Electronics, Amplifiers, Phildrick/Nexur, Dedham,

Mass.
Biomedical Instrumentation, Marvin D.

Weiss, Chilton, Philadelphia.

A Case Book of Basic Circuits for

Electronics Instrumentation, George C.
stanley, Jr., 1971. Rinehart, San
Francisco, Calif. /

Data Book for Electronic Technicians

and Engineers,

John D. Lenk, Prentice-~Hall, Englewcod

Cliffs, N.J. Designing Circuits with

I.C. Operational Amplifiers,

Robert G. Seippel, Americen Technical

Society, Chicago, III.

Digital Electronics for Scientists,
Malmstadt, Enke,

N.Y.

W.A. Benjamin, Inc.

Electronic Troubleshooting, Clyde N.

Operational
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"Burton R. Klein,
Tab Books, Blue Ridge, Penn.
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santa, Calif.
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semiconductor Corp., Santa Clara
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Eimbinder, Wiley. N.Y.
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conductor Products, Phoenix, Ariz
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Herrick, Reston
Publishing, Rpston, vir.
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"Books, ~Bliue Ridge Summit, Penn.
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Lenk. Prentice

Hall, Englewood Cliffs, N.J.
Handbook of Telemetry, Elliot L.
‘@reenberg. H S

McGraw-Hill, N.Y.
How to Build and Use Electronic Devices
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Panic, Mountains
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Stuart A. Hoening and F. Leland

or an Engineering Degree-

Payne, Little, Brown, Boston.

ILC. Op-Amp Cookbook, wWalter Jung,
Bobbs-Merrill, Indianapolis.
Integrated Circuits Catalog for Design
Engineers,

Texas Indianapolis, Inc.,

Dallas, TX.
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ﬁnQ Design, E.O.
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1C*s, Tab Books, Blue

Ridge Summit, Penn.
Nonlinear Circuit Handbook, En
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