Adansy aunlatdad

SPECTRUM ANALYZER

o

TUNFIMYAUT WHATNEY  swaszinea 36014022

2UNANANT L Teed suadszdnne 36014064
3. UNSTVIAY As e sWAUsZANGa 36014104
anAgs LI

AT.NDINA  NULAT
SA.AT.NAUTE LATUITY

gt oR4d
Ju 1o U 291

taum'tﬂuu..........Q.;iB.,l..Q.i.)...
wudunwinda.... 1.39124.4 256

W iiwusdniuliyanimnssumanstingn
ANUNIAINTININTANUIAN
\ ADIZIAAINTTNAARS
anniunaluladinszananaiigunmsananseaia
Un1sAnw 2539



Woyeyriinus UnsAnen 2539

AMAgAanssNnsANUAN

AzAAInssumant anfumalulaginszaamndidianmmsaiansaia

Goe  awersu awnlagef
SPECTRUM ANALYZER

1. AN dAmes
- -
2. udanws  (Fend

3. wedeied  Aslae

(AsNAWA  TlaAT)

|

( sA.Az.NAUTY ATy )

§%a 36014022
WA 36014064
Y& 36014104

21319

21 -

N
.,



dulansuaunlaiaas .
SPECTRUM ANALYZER

og wamoawr  aadanes 36014022

UAARNT  (TeNd 36014064

wedeiad  asles 36014104
rd' - <l
asfifinmn  asmema  andladd

4. AS.NBUTH LATUNTY

UnAnga
aL}Jﬂmﬁ'u'am‘lﬂL‘nﬂﬁﬂuLﬂ"}imﬂfaﬁl'if'lun'n*":’mdquﬂsznﬂummﬁmmﬁm'lumﬂmmmwuﬁ'
niseenuuuawaniuewlamef dfaetuvaneds uidmiulassudlilisnlulefienmaeanend
wazldiddatuanad 1 MHz udruannasanneansaaialaslaLlsznaufognsassinepansaas
Aa qa@m@ﬂ%ammm‘u?\mﬁmmﬁmmmﬁ 10.245 MHz 2345 VCO mmmu?«mﬁrynpmﬁﬁmm?‘iﬁ'«wi
10.7 MHz -11.7 MHz 29as8inugas 2 ga @Ttyzy'\mﬁnmfa{mmmstmuﬁwmﬂaLm'a?'fa:‘lﬁﬁngnunmmw?{
107 MHz WAT 455 KHz R@NuIAMNATUEIUNATULUAMERARe fMTANENAT 455 KHz W
Fyrnildldfmaudouanmaneuny Y Juasaduundady  wasunu X waaailuunummd
Tma‘l«ﬁa’tyrg'1mﬁmﬁ.ﬂammqqmi‘wa’mnﬁnmﬁui‘v‘ﬂﬂﬁmuwmﬂa*umnm'lummunuzi’n;mﬁmmmu

AuunLAazduununainnaasialaala

ABSTRACT

Spectrum Analyzer is an instrument which measures the componenis of signal in frequency domain.
Many types of analyzers are available. The superheterodyne analyzer is used in this project.

This project use to measure the signal that have band of frequency to 1 MHz . It be compose of
several parts. Oscillator can produce signal that have frequency 10.245 MHz ,VCO able to produce signal
that have frequency from 10.7 - 11.7 MHz. Mixer ,however, after the output of mixer pass to bandpass filter
the signal will detect by detector and present in Y- axis of oscilloscope. X-axis present in scale of frequency

by sawtooth signal that able to adjust period of scanning



. A5y

- .
unin 1 ung
- - o
UM 2 NOEJUATUENNIS
e
- WRTNTRIANINDAN
- NATROATALAADTATUANFILUTIAU
- NATATANDRDDATALALADT
- 23astinuas
- NRINIAMTMAND
- NAsaF Ay uuu@es
- RTTAR INF
X 4
- (awau
4" o v
UNA 3 NITANILUATNNTAENS
- 239TNTAIANINTIAN
- NATRRATALAINBTALANFIEUSIAL
- NATATANDRDRATARLADT
- asingas
- 9RTNIAITNAIND
- pvaraidygynuuuiuies
- RIAMAIRDS
UNA 4 NIINARBILATHANITNAREY
Y
- NATNFAIANNDGN
- NAIRDATAAADTATLANAILUTIAY
- NATATANDABRATAAIADT
- qasanTas

. -
- WRINTTRAMND

¥ a ¢H'
- asaFRdy LG
- 2RsAmALaaT
- iammnaedlaniuaunlaias
d‘ -« o
Ui 5 ggiasaluaziuanawmun
nALwIn

o 2/ o

wlaas19d



A . . - L
- gﬂw 2.6.5 UAM inverting comparator LATAUANLAAUNN-LAINAN 24

- gﬂﬁ 2.6.6 WAMAY noninverting comparator with positive bias 24
- gﬂﬁ 2.6.7 WAMY inverting comparator with negative bias 25
- ;;'Llﬁ 2.6.8 2449 noninverting schmitt trigger 25
- gﬂﬁ 2.6.9 UAMIATUANLTHIBUNN-AYIN 26
- gﬂﬁ 2.6.10 uaneRsBuiinaaef 28

2.7 1A3L3AR T

- gﬂﬁ 2.7.1 uAMINAT Half-wave rectifier 29
- gﬂﬁ 2.7.2 WAMINAT Precision half-wave rectifier 30
2.8 L‘ﬁ’ﬂW\%u’]
- gﬂﬁ 2.8.1 Sunefaanlalieas 31.
-1 2.82 varAunefiuanalniess 2
- 7Uft 2.83 aeasrensILLIAN 3
- gﬂﬁ' 2.8.4 WATTEUULUARAIANIADTTIN 34
- gﬂﬁ 2.8.5 WATIMELULEN AR TN 35
- gﬂ-‘?‘i‘z.&s 29AT Adder 36
- gﬂﬁ 2.8.7 2947 Attenuator 37

un?l 3 nisAIMInLAENNTaFN
- 317 3.1 uaneufenlaszunsumsinnurasanlaniiaunlaied 38

3.1 29ATNFAIANNDAN

- g#i 311 2easnsasprwdneanuuLlE 40
3.2 WATDATAIAARTATUANAEIUTIAU 4

- g1l 3.2.1 29a3 veo lFeanuunly o 41

- 322 HARALALAMMNATNELD2935 VCO FAanE 10,7 MHz 42

- gﬂ*?‘i 3.2.3 LAAINITANNSERATAIANTE9AT VCO RIRNNA 10.7 MHz 42
3.3 NATATARDARRATALAINDT

- gﬂw'f's 3.3.1 NATATANEARAATAIAIADT 44

- g_lﬁ 33.2 NAABLAUBMNANKTTRINATATananaaaTaLALABS 10.245 MHz 45

- U7 333 uamanaifiannseeafialanaainessrianeaaastaiaimnes 10.245 MHz 45
3.4 agasiinugef

- Ut 3.4.1 asasfinuzaslagld IC waf LM 1496 46

3.5 MNATNFRITRANND

- d v
- gll'n 3.5.1 2447 Bandpass Filter WU passive 4 stage feanuuula 47



3.6 wasa¥edtyeunosihudes
- 3107 361 avasa¥rdyanniiuden
3.7 wWashmamef
- gl.lﬁl 3.7.1 W47 Fullwave rectifier Usenauisag Half-wave rectifier
LT 4 MSNARBILAZHANITNARDS
41 NATNSRIAIIDIN
- gﬂi’i’; £1.1 NEMUAAIANUANHLETBIATNTRIANDITIA TS
- gﬂ‘fi 4.1.2 uaneATipNBAMeEWTRIARNA 1 MH:
4.2 NATRAATARARTATLANFIIUIIAN (VCO )
- gﬂ*?i 42.1 nemuanspuduiufractaainauazanadnwanyl
- gﬂ?"; 422 uﬁmé’an&nmgﬂmaﬁﬁtﬁmmnmmfaa%aLammwaﬁ o A1E 117 MHz
4.3 NAIAIAREADRSTALAADS
- gﬂﬁ 431 sulrnfupuiivensasrianeasesdatames
- gﬂﬂ: 432 ﬁmmwmgﬂmwau‘ﬁtﬁmmnqw?
- ;ﬂﬁ 433 AnfiresnsasTginanniAtestiumnad ( Frequence Counter )
4.4 29asfinigef
- gﬂ‘?{ 4.4.1 é’mmqmﬁ"lﬁmnn'wqmﬁ’ryryﬁrumwﬁ' 11.7 MHz uazdtyqyruaang 1MHz
- gﬂﬁ 442 Fynaiilivieanndnugsinfiamesan 107 MHz

[

- §UN 4.4.3 Fyaildannisgrudtynyiand 10.7 MHz way

=

-

Aruyrtua Nl 10.245 MHz Tnsldauansuaunlames

[~

- gﬂﬁ 4.4.4 Ky ldudantinugsfiniawesn 455 Khz
4.5 19AINTBITAATIG
- gﬂi’"; 4.5.1 mwd’uv‘v’uﬁﬁxnth%wwﬁuLmva!wﬁ“la'}’mnww Bandpass Filter 10 KHz
- Eﬂﬁ' 4.5.2 mwﬁm‘v’uﬁmdw%mwﬁuLmﬁv!wmﬁmmqqs* Bandpass Filter 100 KHz
4.6 2asandyqyrngliuien
- 917 46.1 uansdryoy uiuites 15 2ua 8125 Taart
- gﬂﬁ' 462 uamtyoyrnuihudes 50 mS 1ua 7.9 Taan
4.7 WAsAMAReSF

- gﬂﬁ 4.7.1 l.l.amﬁcgnptw.a'wfvm( Full-wave ) 7l#81n2997 Full-wave rectifier

- 917 4.7.2 uamedtyrurasaiwnilaannaeas sUR 3.7.1 /AUt B unnANE 455 KHz
) ey { Uiy \

4.8 nammasmaulaniiaunlagef
- U 4.8.1 uamemsiadtyryraslm 200 KHz 1urR 600 mv

- 77 4.8.2 usnsmedadyaadlni 600 KHz 1A 400 mV

48
49
51
51
53
R4
54
55
56
56
57

57

59
59

60
61

62
63

64
64



o . 4
- 71 4.8.3 uanan1sindtyeyru@vAEn 100 KHz 1u1m 700 mV 65

0y
- 21t 4.8.4 uanansindtynaudvaen 200 KHz 3uIA 700 mV 65
oy

- 21#1 4.8.5 uanamsdadtyanilaiacudsiie AR 100 KHz 100 MHz 141R 600 MV 66



un#i 2 nqefuazuannng
2.2 NAFDDATALALIDIATLANFIBUTIAY ( VCO )
- nsnefl 2.2.1 Winuiiay veo Aldlunsasiszang
UNT 4 MSNARBILATHANNINAABY
4.1 2983N3BIAANKE
- AT 4.1.1 UAAMHANSNARBITEIINASNIBIATNTIN
4.2 NRIVBATALALABTATLANAIEBUSIAY ( VCO )
- AT 424 msauanAnENRusTeshamakazarwauAeul
4.5 2323N509929ANR0

o a I d; v - ) - al
- NN 4.5 m'auw‘wu.a::m"mvgw”lmﬁmwﬁ‘u.uumwmmmeuuummw

50

62

58



. o
uny 1
-]
1vun
o A A o aasya . Iy
spectrum analyzer WA network analyzer fmLﬂumﬁmummwhnuﬂmqm'\amqw'lun'\mamf-]m
Anwourasdyninluniawnuaud ( frequency domain ) dauseadalaalatiiuthussecdafiidsn

"zynanmua::v.amuaﬂﬂnmmmnuwm { time domain ) %qmmﬂmuammnummu ::'.mumwﬁ@:

<

ar

o s } %3 o o [ 4
wusHuARanguyiTes
o I'd Gl v a Y o D) L o [
spectrum analyzer gnuitin I lussuisany Aseediang nedwiliatio wilafid vav Tnedn
ANMNTILAZIUIATIRIATY CUTY

-

spectrum analyzer Hagifasifmanagtingail

Spectrur]u Analyzer

l. o
Serial Parallel
{ scanning ) ( simultaneous )
. i
. 1 o ! —,
tuned filter *Heterodyne filter bank Indirect fourier

i
{ correlators ) band selectable

77 1.1 wanamsutinlszinnaeq spectrum analyzer
. v . d . e A4 44 d d g
Tungausnifuly serial analyzer Tearinailaninfianadivile] o wawmiie] Tawieenléidu

a o
2 1inAe

-tuned filter ilurfinffiannenlunisaing dudissnanunuaniafiunisquaniud waziinisia
liuliAatwsuans Uniazlflutnuainudeaiile ( audio frequency )

-heterodyne 1iiniinsasiamafazgnimunlimasi ( fixed ) aulanfuasgniaeulul¥ddaeaniud
a; - al' Ve o :: ' ei - g < =: o - -, d'
aulnanng mixing Mvanzay MindyyuRuianNd 23 85 aufanud 23 Any &5 dualiah

yve o . da X o a  a . . ) -
l'nnuﬂmqm’\wfm'luﬂ'mﬂ':'manwu‘lﬂm'\mumwnaﬂm‘[ﬂ LA setting timer A8IIRATULUUANIA
-y Iy [% :’/ &t o v A’
AVRDTAITUIY ANUUIINNTATN parallel analyzer YU
. - - o~ & IR I
1uﬂ2}u‘ﬂﬂ'ﬂ~1ﬂﬂ parallel analyzer I9RLIM spectrum NRYTAMUND U LIRUAYINY ASUUISINATU

eiel ] & Aﬂ' [ d' 14
naandr lunnsinanutrasdyurudalsenaulildae

fitter bank UsznavlifanassuuuimaRiame manasiesinauluguaadfidieiu
. ] ~ - ' t - o e
-indirect analyzer Toldudnn1srasyFumeuradived dwasudia 100 wnziEf
fourier analyzer 141§ periodogram W lutiuanafizeninnitinuresasila anuiigugaia

100 Aladse
afiafid AtyAa FFT ( Fast Fourier Transform ) analyzer 1anuluginuau@isn 200-300 Aladse

o ' oia, ' da 4 da X
UaT swept heterodyne mmu‘lumummmmuazmum'\unwmu@mmmﬂqmu‘lﬂ



v
~

anlazsuldvianiseanuuuawaniuaunlame § FoeuguAaBRus 10 35 quite 1
age £ oM g e e; d' d'
WNLEST Auaen 9 swept heterodyne the wave analyzer ( wave meter ) 'l‘mmm'mn'lmm'mnum 37}

wauil nalilawnes 1 mvinsqulugiuanntiidiaentsdogy

Tunable
Filter Detector Meter

Nyt ——— //—-\' OET A

UM 1.2 block diagram28the wave analyzerlaginsnge
Heterodyne block diagram
Qqqsuuumwmvdam'as@unmun'[umuwmmms”lmmn vy wave analyzer @Q13~Jﬂ’ﬂﬂ1‘ﬁﬂ’1$"31é
mmn‘umﬂﬂmeum.,n'mum’lum’mnmfaqmmea?mwwmmn IF (intermediate frequency)l.Lﬂ"Lﬁ‘ﬂﬂV\lﬂ
wafi IF Rawes
L o o o - - ° o a . P
Block diagram BEUINYY VB wave analyzer memgﬂms Tmﬂumﬂﬂsznﬂumﬂqma mixer 4

Usenavuludiae 3 daw lun dynnaudun, dynuainiaressasiaames ( Local Oscillater ) uag

dyuauayinm
Lowpsass IF
Attenuator Filter Silter Detector .4ar
Mixer
Input—é’—D—-\ X /_\ - DETH /7
Amplifier
LO Local
scillator
gﬂﬁ 1.3 block diagram 184 the wave analyzer
AyqaBuwm ip V0 = ACOS(2TT fept)

o

auanlareasaames Vot = cos (27T f 4t )
Aoy INMIBINATRNIIAT V) = Acos(2Te faetcos (27T f 4t )

Velll = (A2) cos[ (27T foet + 270 0t ) + cos (27T et - 270 ) ]
me'v!mmﬁnL*n'a?'ﬁ’lm”tﬂummﬁ"uamnua:mwﬁ‘uashwm?aﬂﬂafaaaﬁameaa‘ua::a“ yeynn

dunmusie lnasing aandnwasiiduuuy Superheterodyne block diagram Taaidl IF Wamestequi



o oo va o e Y o dei A
ANDNa AxnRnresifduiadaur st viduadntna daumnunau IuReATYN
ndneaniuing IF Rawmad
o ei 174 i a’ ni v :" dl' 273 s a - d’
dyryraduyniiitaninisudasuanun dninie Wievivmasslinigefilluaoiuiinans -

- o o Yy i o 1 . - 1% ) el il ' o
AuNradianeneeadaameinaslinsquiulunsiandmasainwasiareminisgulugiund
Ex wave analyzer 1HAR&tyny s 0 - 10 MHz

o
\@anAaud IF = 20 MHz
wzantiuantredlaneaeeadaamassiaatly 20 - 30 MHz
anufdryyBunndy 5 Mhz han Tanassasdalainafiniqui 25 MHz
w1 viwneasiniaifa 20 MHz waz 30MHz T4 IF Rawmafazli 20 MHz tullAma us 30 MHz A
gnindnaaniy)
- aa - Y ' ' - o a »
Image frequency A8 ANNBUWNALET lFaINTT winadTasANtiilanasessdaawmass
44 o . da 4
Wuanud IF 39 image frequency qeiip i 2 MYIANOTUNNNLINBINNT
f|F = f image ~ fLO
f image = fe + fo
flo = fe + fo
Fivage = e+ Fre
Image frequency AsfinfUNsARAMND IF geandrannddurnuasuiiigmilagnisldlannaila
r-i - 4 o o . ] 173 <l
WAATVINTARUWNTAINIG superheterodyne LWANTAA image frequency aanldneu spectrum analyzer BN

' < = -
nsnaaAtAMNDTedianeaeeaTalanas

Lovpass IF video
Attenustor Filter Filter Detector pyie.r Display
Mixer
wouo AN N FHeerH O\ HO
» Amplifier X !
Local
Remp L vCO
Generator Oscillator

Eﬂﬁ 1.4 block diagram 184 swept spectrum analyzer
a3 Block diagram 1avaulAnFNaUN IO FAMUINNIAIN wave analyzer Tnansld VCO (Voltage
. - - <l d' = - J -l 3
Control Oscillator ) H1UWMUlAADADDATALALABTUAZH Ramp Generator Taandyaueninniniinay
] v '
wuud@adu iathandy Vveo uwazmthunugasluunuusy  dousnuiadudtyanunititulannaila

- = 2
HATURTHNANALLARN



Block diagram 714 mixer/nnA IF 167 Bendn single conversion receive AMAINAIF gainlinag

0 o . v ] a o« « < «~ v dl a: dl K
4R image frequency MHde R IF AamafuuuduALLaTAmAReTATaTNENTIAYND g Telunn

nduiu Nawmefuuusuauuasimamaiaieirafrnudnusasiitiguilunisingn image frequency

1 4
Aariuda 14 Multiple conversion stage cascaded IntuAiay stage Usznaudneafingef, lansseadiaqnes

uaz IF Aamefialanaaneadaiamnadaacusiay stage arawiiauiulngldain Master oscilator wialana

- <o g 1 L
ADDRTALRUABINIUUNUANAL stage Lﬂﬂﬂ\izﬂ

100 kHz

Detector

100 MHz 10 MHz 1MHz
@y —®— L —®—{1 — @~
- L
| 100-185 Mrz l I - |
vco 90 Mz IMHz 0.9MHz

717 1.5 Multistage frequency transposition

nngunuriduainauwuulaiauagiuriaraAmanes

A
S(1)
—>



=

unn 2
NYHAUAZUANNS

E :
2.1 99435N58IANNDEN (Lowpass Filter)
Al e d .y dd oo .
WAININANNAAN ABNaTeenIidtyuruauiAndAudAmee @Rt Ta

: p o o
WasilAanas 3 dBvaienfmanauude 0707 wn) rueenanld taansgoydatesiin vo
- o &l - . oo ” . = - LN
Ay unmagIniandAnead@nstenetiuazinieguduann gniuliiitnuneas
2ANNN

Butterworth Fiiter iluatinua Active Filter RTlAtuaniRAuEadnsrenaae udosinu

q

InsusazTwapolelazianuduraudunsivioliof) 20 dB/decade Waziidns ey 2 dB eduily

700 4 naazsznaudenias RC 4 gn fagulFaiian rolloff 80 dB/decade

vV,
'"—1:4—::———1 . Vour

o o
1UN 2.1.1 2993nseIANlinn

AINNTNaTHTT Ae

) = va(s)  _ ' K/R1R2CiC)
vi(s) 2+ RjCy +1/RpCy +1/R9Cy =K/ R3Cy)s+1/ RjRHCiCy
2
KW, r
= 5 0 > Tneh
s+ (Wo / Qs+ W,
Wo = 1/yRiR5CiCy

. Ra _
T Ayy = 1+ = K
B

Tunsdtiili K =1 wazlf R, = R, = 1 uaz Wy = 1

2 2 1
azlsidn — = = |, CC =1
Cq Q
I ¢t =20 ., C = 12Q



R1NN7 scalling Azidan

Rpew = KmRold
C = 1 C
new KpKs old
de Ky Aadidue |, Ke A 27,

: 0' ‘ -~ 4 U e -
AN NATNFRIAINTAN 4 order A&l 2 stage ramaraiulnefaAl Q = 0.54 uazt 31 [



d v ars
2.2 2WITARATALALADSALANATENSIAU ( VCO )
2947 VCO tiurdnilunsasnianudndAnyniniigansasmii msmduiimmaaliosniwds
A Ly i -« °w 1
AND AANTIINNSTAAYRe VCO Tiun
o -Jd - - v
1. msuwdausesiutluannudianeusdudady
ol _a a -l - - . P andy 4 Y
2. fafusnmidannad ( nsdeulivde dift 11 sssngumgiififiasisssasduuas 810)
3. Mauldfiannig
4. GamNseENIg
v A ws
5. Usumauladng
e 1 A’i’v & o - [k %3 ) 2 “ v v d: d-:l’sy
AruantRmalinudiulusegin v 4o 2 daudaiudedu lunsdiliffewenTan uaz
\@aniined VO udausidrsiaenisamuantiila 29as VO wiadly 3 1liadeaSaemuafuatiss
- dnpo
I AL P 1 XD
aln sy
1. 29950 Ran
2. WATUNN
3. 29RTBLUNT LA multivibrators )
] o~ a - d' < d' ° -~ ) o ] -
& 2 1lausn mMadiusduizariunnasilasdiuAusiuasaninlandus ninaf
( varactor diode ) §11F11294s multivibrator MsaruANTagAuii laamswasuusaduliunszuaiiva
Tarandszqlu ¢ dauil veo alianldlursassranaanduuuy 2 1ilands Jauddnalivsniwazgaq
asanily wififidssmusaginirandnlnsantseiingaring atnalsfia cwsseasdaiainef
LC iaulifannanigendn wilitasmuseauaLnda a9as multivibrators Ml VCO R&rAtyag) 2 uuy
1 - - - < i ) - 1 J - <
wuumiilneaseiinvivsninef Afldawmeisdandravia v, -V, ANge ( gana1swd 2.2.1 ) dafiulszs
oy e o o o da X e .
AU unRuAzazan uazaElszqsEwingd v, uaz v, foanszuanas | A Tuagiuwsiiuauay
-l d‘ ;73 - d: ] < - « - « o lAl - o A Vo ,,J
v, dnuuunikldaasazaimda deslaeindlnneimsuiamedinauwunlidnm i idineulin
-
AN
« - [} L4 z
2943 VCO Flselambnnn waznisudmiluneasszueadosyinWilsegnaldndeeanetu au

AN9078999399181FnlgaléEn



1319 2.2.1 Winuiiay veo #lfluneastszuna

- - - . . . J . . . — <
“pher PR TN uat ic
. { = 1 4 .
ITRNT LC I o = 5ie - AT 200 Mz
munuTay _ cultg | -tanzdumily
lalaan b N T lalaan - e Tznawidud 9] MC 1643
winmaf - ] L I v |uTnwnaf - AN TaEUAY
- - .
. T = : Sl
WITAWMNTETI (= a9m b -lild .
IV ‘: - *) 2C (Vz'vl) . r -
Tn173uiinTa o - FaundeAng NE 565
3 - - v - - .
TIuAY9I Ty g = 2 - ANE < 1 MHz NE 566
- | ) '
Tnvaaniiad - T AN TaY
yaunany
tmat
= <5
s min
- Vd gm 1> o
TR AYT frec ' = 3 v ~lild NE seue
- . | o "8 :
danTyadn I i, - ATNATI =150 MHz | NE 5618
an < . ' [
auaaay Taun - TIAINTALN I MC 1322
v f .
3 9 = _Id (max>s MC 1638
o‘ﬁ_!_ 0 D1 . min
_J

|



o a (4 .
2.3 139954 DRATRLRLARAS ( Crystal Oscillator )
Tusasisasdedaulngiseanis s fasniwnieanaiseansdeiiAngs wepaudiiAAg
InaaananialifiaTasiuainisaquiuaniiligniiasuasnaenly aseaadamine i Wnuania
wuluFauatissnmnisanadidun wasassanaanaddanas uananiianes ATanaR
a T gy o v e’el n: v o [ dl < o L
seafaiame i lidufaidygyaniiantuesgulidwiunmsseaseslauiiauard
Midumainusiugiunananguldtugunsaifdenmeanuiismsady wAnananseliad
Aranaadudwinmndinguuladiedn Tagacamnngresiniuesineniinesianu

afatu wiinarafne infaRiulsisad uasiafundu YaquaiiisanGundt Alrdeanin Tellamauns

1
s o \ qua o 4 a o < - o a e v v
ﬂ’ﬂuuqzﬂﬂlﬂmﬂll?\lmiﬂﬂﬁ'\luﬂum\i'ﬂﬂ?'ﬂﬂﬂNuﬂlﬂﬂ'\uﬂ']ﬂu?\l Llﬂz'hﬂ’l']u’ﬂ\ilﬂﬂ’)ﬂuﬂqwqﬂk?'m?'\\i

2
- ]

wrasuli WuTuusaiu i annasansriinmdliasinavin Wniinresiagua niufissadn

z -~ -
Wenhnaanllaniiy

= al 74 [l M 9 2 I d o o ' =2 [ ¥ g -
ﬂ'mmﬂaw'l'm'maqm"lﬂmmf-:'mNunmmm‘n HANUNAUANATENHUNAYAIAT] NSENANIT

o dale vy o dd X o = ¥ e o X » o 2
um’mnmu”lmzummfaumwnwuﬂqnummwmmmuunuu AuRNatussfralasulaqld

4
b < 3 i o
andntenlasangumgl

Tneudnnisudednwuzanifresrsanaa anruraireadiusasiliauuudiansadeu

asaNyalifegln 2.3

v 8 -
mmuﬂs:a‘n
- v v 4
INAINAIVYA

v - )
AINITADA

|
. 0 —

sl 2.3.1 wasauyaduaaniindianas
AvimtiaailuaasanyatiasinasanaaasiidrgeusiiAtsiulszaniuan

jUinuasdnuzansmianaanaensuialasiaienislunanaliiiudesglf 232



=i v o~ [ 3 «
U7 2.3.2 Taseafnunazsnetingliveianas
v a o - ¢ Ao N o« ¥ o
farsanaaluisiinaca fnandadasardumduiadiunsslaslaneiaiuludoueasin
v & a 2 a de P v a a 't v o ¢ | a -
JugaasanaasnaRanuzmiswiuiafiulszqimuiuegan 1 ddsasanyadgl 7 23.1dlaq
ar 3 “ - H 1 ar o 4 o U °I l'; :’/ -~ < i 4 (]
ndafiudseyludariintaseianaafideaynsuiudawilaniiide dafuiafinlssafidannuey
v
muuanasfidninasanisesataantesdynyiutieann uazlurnsilauundhiudiusninass
Truunduuvaynsuwasuuumnuieuasifaoadlsuuudfidumnadifaoatu
- rc; v a [ LY S e; 4‘:" - o <4
waranadaameilintaneadssnavaguaniliiunagin 2.3.3 wastlavlidnwusmviiay
fussseastanneiriinpudum-quaninasildndnfuduwiidewansetunsdougugm as

drurasigUnsniniinunuguduwnaesfiasaneaiiuie

——

c3 gR2 u
u"nﬁmh:qf;umiu CIZ'
withiNonsioundy &
1t
a t ﬂ)
1L |
il 1 ! (of Rn L2

UM 2.3.3 spanaasedioaines



NasAraneaRadiamesilalissnimneANdgauazaInwNasgil 233 drutenany
wiiideaaiiunasqu lnsssandaiaataneadusiansss] wiiuaiinu luunmessadafudsey
sewinaug-meaameiegmeluimsndane M ilnasensesaiaanias

1 Iy ﬂi ‘lﬁ’" o o aa v rd'd [ - v ] -t -l
niinmafarhlitiduiagdmandanaulasenladiidnwurmdeuude ludouraniinasiig
1 '.' J - e ar ~
$aflu 6 Aumiiaw Fanlnaniinacefnaflinusdifunsdndadneuzreny 3 unufuanaly

9N 234
o Uy Z

I
1
!
I

YUVOINIIARAN ¥

—r 8N X

o
-—_—AAAWIUNU Y

% VNUBINIIARATY X
4

- / v y
- L——annuunu AT
/! \

/
/

I
|
I
|
l
!
1
N,

2\

U7 2.3.4 uansn@nanefaTuazmsinnan
ai ' ) <4 1] n‘ : ~ o
wnu X iluwnuiansenanegu 2 ynreaviniandauuny Y azfuunufiaaniseanduiia
v v a o 4 v v a < o o o P N v ga
wihressiansanas dupaininaATaneanuwwanananamiilfdnyuvildagaseuiGand,
o~ dl ~ e’l’ ° % d‘:‘ ¥ d. [ - [ d'
NSAALLIL X (X - cut) TRaraensiinuuuiiazyin Wanadnldufouulasrugumgiludnuusi
- A’ v .,} 13 P < o k4 a; ; 3 d'
gauuigeTuAtANDazanad widhdnluuuaunu Y Aasdusainlfrodsesnisdugetu e
- X
Arunigeiu
aziulddnlidrazinluunu X via v azdlunaiiipnuizeinisduresaianaannd
H v ] 1 ]
TsuuudulReuwlasiuguuniiliuan dulusdefeamadaunulawnuniiaie Wnanisuldouula
fiuguupRtiasfigmiFaunuaznanldiuiubifinans unuiildluntsdnrauny AT Muandlilugld
234
iansaziinAtanaa ey luunuauildluiazssuussameinas Winansuldauuag

1} d‘ 13 - d’ - J 2 13 &
TWANNNADYUUN NAD mummnaﬁﬁuuﬂdﬁhmuumnmmu



douanumnaadusiuaianea andusaimunaalrensSiauudiiuaianastiouna
- o & a o o ‘-
fvunganudtaadreInsTlauuuiANgely winAtanaainAanudligelseunn 15 MHz Tl
13 A i Y. o - ar llf
50 MHz usindiasnisanuiiganitiiandnlianfutiadansdunuiiues
«o -l ré + o ?/ - o 4 - “r
gunsalimanaianaalugUnsaiiAauinnsuaunng AniuAsanaafiarina N sina
el al 174 o~ 124 d’ w ] - v « k74 LR ar
nuapFe lusurlinuduionseiu luenshdleundussudndunniuisninmassaslilissiuus
[ ] ~ & - d‘ o 2 o - -i' - L4 L A - d‘
sunnasanmfuinniiuly Twsildaianeaiinuinanud uasfinaaaFauiusadusiniiulls
anfunailiaiansaiinuiinaanad uasthfinanufauiuiiugeqaauiudamay
4 1 ) TR 8 o ¥ - [ &-3 J dl v v
anfinanudadus lirianaanseiunasnaniaamef finamnualuGassiaan s oy
ANBATAATIITNINGS Aaliusnintaseasessdamaiauisamifainnisiiuunal Q 1essian
Tanaauardilss@nsnistuulmieanudiuguugil A1 Q rasrsanasinaziiAngandiAn Q 98999
asquiitlsznaudiag RLC fia 100 i1 1000 i ATanashifianaluifaqiiufidt Q Usyanns 5000 G4 30000
- a v a relg ¥ a <« o o - ) a
1PNAREWANTUULALI1A 008 TAANE ST L TATANEARITLADEINMNNANNDEINT1997 LC 20aTALA
wafNn
Aaati199esAsANaaaRdTaIaINaS
aN9ag 2.3.3 uneasessiammafuuumiiiamludntusasasslauuuduuumny
L - 1] 1] ar O o -« - -« = J g J A ]
famsanaalsassuivwaiudinneframsuiawmes dasanaanidiuifincuanaad wi
o | v a o o , v S - ot a <l
AuFunvaslugli 2.3.5 daaTaneainnuludnusisaynm daunsslseuudauialuaniads
Trwuuduuvaynsy TnaliaaislauuudituiatanaandutiowdillfiinamnainuBuwn (2
1% - o P ad v g alal ¢ 1 A o Iy ~ o - v::
fuaginmed ) navunaunlildrnudilouund AduiuaudeesinaianaassiAtgauinianiy
< 4 1 T o o ¥ . Y o o ca &
dryrananinmasliatnsatioundudnandsdunmls udafudygrnnanutilauuediiagudl

- - o« - - 0. ° Y o -'J 4‘-’; [ v ue
AuRuaufrnsATanaaazantImi NNy dtyutuiauniansotlaundudann

$R2

77t 2.3.5 WasATananaastaAef



NMSAENULLINAETASANDRDAATAIALADS

be

AANHULINNNATATANaRAATaIAINE TR AL
1. AruanTAnsluRsuuLEIdu ( linear property ) datlunisarLANAINY ( gain ) usziaTnaaa
drytyneu ( phase shift )
2. pruantainelanaiuan( overload property ) dalunisrauAngUsuasawAueR9AT8s
&ryyrunndnla
4 ) - - y rl : 1 &
augninasATaneseeaiaamaiatetiin ieean mseenuuunasiuuagiuns
4" 0 7 - 4' o ;73 J [l v
wasuudasaranustumuna lurasmsanaa mazm iidacunlugeaniae
1 + v

1amdresdyiniazeaeadaanifiuazulsdinuanusitununialuresrianea

2. Msnasduaianealtminuliiu daaminliseiuauiuaudaasaswumdiuaiaanuiiu
mMussiaaynsnagnialusianas (R )

atlsinnlidannusiununisluressianaaasiniminle uassALANRuALTI99999s

k24 dl 74 .« o [ 4‘ l;’ ) & :’/ ;23 ' o ”dlﬂ‘
azsanlasuulamulvivmdiuastanunzan Tauagiuwaniufedansainuldnngalu
' ni 4‘ - r‘-’/ 1ed -=i »
daeanudle e inaanasdaame fuliiglunnuiuan
a - o« K b ¢ o ] kN - . - -’l’
1lnraenaseediamnainidaandasanaa  wiild 3 olinlugiqiai
z ol i 1 a ] . ] ) ' e

1. unuhuge Wnacmdlidifiu 20 MHz 1iu 293suLL Pierce uazAn Q TuasasasiiAwiniy

90 % 289A1 Q MuluraiRedTalanes
- - o . d
2. wuuanslutia Wludasaand 20-100 MHz Usznaumasqeasuyied LC visawlussuunld L

waz € lunaidananfiutiansanis Iaafinasldavas Emitter<oupled Harmonic Aailiadiasninmia

dl a

o alal i o o ' - e
ANTULL short-term ANGA ARNNTTTUNIUNING ( phase noise ) AmgaLazAl Q TunsasiiAwintu
80 % 189A1 Q Mulurianaa
Raul118999RsULLT 1 uas 2 Aedensdatlssnauresginsafiaoslussuunsdaumia (
shift phase )
3. wuited Wludeaaauduanndd 100 MHz wuasashiiaududauninndtgasuiiusn
walureasiasi Wildan Q Tuseasunnndnan Q nralutesssdnea Tuannisaa nasldnistlaundu
J ~ ~ 3 2 - - )
wuuay e luvindreiudauresdtanusinunmunialuzesrsanas Taadnan L uas C nmaluses
- Y al o - ) v o -l X v .
AIAABAANY NANWUTAD Asdoa WilafasnTwnaANdLLY shortterm gaau 199947 Butler-follower
cal a -l - 9 Y
inouein i lunisissauiaenaeasiisazld dsenaudas
1. ArAuNDsanslunsessdaan
2. A1 Rg 189ATaRRANI 14
3. AnumnazanluausAn
4. ffgmidiasnanugsendudeusesnaas

P -
5. ANMNNLADYSNTNNINIAIND



a P .
2,4 33334NLIRe ( mixer ) ;
avasiineef wiveenduliidu 2 Ussinw Aevszinnuaniin (Active ) linsudaimaivaladson
vgUnsaiau AERTINsene (lunsuauedu ) uasilssiimwiadn ( Passive ) 1laten Gelsifims
TR Y0
o ' a v 2 - - o . -
uanantiserauLieasineeslfidy 2 dssnnae wuangavzauad 7 uwuuliaugavie
o~ -« - - -1 1 t L -~ - 1 - o, S J
fuunad wasfingefuuuangail sseasidciunnveeninnaes was Sneflifal i
v 2 v [
Miuaziu ( fyyraliidasanseings ) auauifdeiGFunds nsuanszwinea wis leloadu
. o f 7] 5 o a el :’; - ) o~ e - -«
(Isolation ) Ad1IGdEaBUNNTIENMAsTinTesH 2 aAa Aeyqyny RF (vSe IF ) Mudtygrusasiamined
- s - Y = -l a - o <
uazfifaeninn 1 40 Aedtyins IF (TR RF) gt 241 sssansanlunsdizasnafuasiiuiongs
1 3 v
ugnszuinda RF ua:ﬁqmmame'as'@“ﬁoﬂﬁ'lﬁ'ﬁmm’mmﬂfaa%mmm "’ﬂunﬁuaﬂanmamn'mud
o . . <
nszantadueently uasnisusnsswineds RE fAuda IF asdaefWidygnitaanamwednssfiuaag

IF dasendiligasasteny IF lunsdizesnadeifiansanvinueadeniiy

fynnm RF Fyonm I SQomIF &wunm RF
Ty i@@
pORTAAADT poRTaRABT
(n) (v)

$U7 241 shedningafreinianiasi (n) waringefzeaniaAtasds (1)

dsunssinresuuy bisugetu fguamiinsuanssinds itwileuiuwuengaddenis
Wilinsuandtyyrudsasilamaidas lunsnsasdtyqiustaminan

giathanmnadinged U7l 242 Fflumariesdy laleafildfesdiamuamBmieusu
uazwiaulasfifasanninsiuaanans 29asTuglf 2.4.2 (1) azuansdnaann guft 2.42 (n) assfidduoy

ﬂ' o ] s A 1 r ] 1
Talaaiingn 4 samalfimuiziunisuandygruiiiauussnnnd( dunaaflumansasds )

Bune nlanaa
RF - L4
1 oDRIAaADT

|r ln‘mwn

(n)




nlanoa ‘
saRTalanad I

é IF inm

()

R 2.4.2 easunaudiinaiiiawiadn
Tug1lil 2.43 uamaneasnarudinuesuuuianiv Tel¥dnmenalunisuana@n ( winfiasly

- al o « P =l a o gxal 4 s
anmgudslunisuanpdumiiauiuwuuwiadv ) uasgi 2.4.4 Wurasuaudlinisefnuuumiled |
0%

é vawllds IF

AAAA,—
Yyvy

Tonasaardaainnd ?é

l\' [l - - 174
a1l 2.4.3 wastnaudinusef afauanav wuuld FET

+8v

AMAA,
Yy

O.1uF 100uH émo)m

6 {} (@A IF

.||—-—"——-

o

AAA,
v

- .01
Tanaa ‘:)‘H
| |

! 1
soRTammal Tt

8 1496

una RF ¢ 1 9 .
3 5 '
Sia LY
510 l 6.8k
sV

1t 2.4.4 2assunaudiinigef aliauana wuld IC



neasinurefunyliaunauansl¥lugUil 2.4.5() 3914 MOSFET AnamRvasnsasiafinisuan
swiaiieesiaamesiuage M Arouing uissuinda RF uasda IF liresd i dudedlifawmes
daenseanNBReiAndtyns RF ﬁ'lﬁté’ma'aml.‘ix’ﬂqj%q IF &% 'lugﬂ*‘f; 2.4.5 (n) @14 JFET Tnatleu
dyyrusasiarmmafidimierea uarAtyryins RF vihmqmm%aQmauu“mmmﬁn?ijﬁq%q RF fiud

aasdaanefazliAann

INAWLINA é

\8NA IF

nlanan :__' I

poRTIRANDT ec

(n)

inlansa Ve
DoRTaamaT

$

P

<

) )
IINEWOINA = _-]-
r 1WA IF
: = = I I +3
(1)

J"H

e

WYY

AMAA

U7 2.4.5 eastingefuunlianna



vautnagiainassialad ,

wafaznanieliae Bulaladn MC 1496 W MC 1596 HhutafReanunsvatamn Andnle
Fwefifianusmaiu wiuuia uananlafiuef 1496 1isa 1596 ﬁ@:ﬁwﬁﬁﬁtﬂummwfwaQmmﬂi"'la’i _
ufia 1senasieliunsasiafingnt sasuaguamed AM viailuasimawe iy Wiltaendmiamy
nsiuiiuunauiseganes (BM ) Wit

2asnatusnalad( a‘fqgﬂ‘?’; 246 Q, uaz Q, uuassgIvnszuanddl Fynamvastiauliun
Q,.Q, iy Q, ,Q, Wadui ON uaz OFF Mlianiwmlsingdudynuneganaduluaduun dyogynn
ﬁLﬂua“tyn;wm DSBSC

fratnnsselefidunauduegamas anduigi 247 Funaddyyruwmsitiaudian g
MATT1 10 H1u FET doudtyanamegantiauiion 1 uasan 4 riau FET Ansani mMafuangadie e
gindmdugueiinlélnenlfudadiumulius p, Wetleudyonoueauniaag BMm wiwnaslfidy
drycynou DSBSC flun 6 uazan 12

m?ﬁﬁmwwzﬁuﬂs\jﬁmzﬁua”n;npmmmwm::ﬁﬁﬂu deliuzana( fosiuly ) 2eesaen
winzazyey i writhusaifiulifiaztinuneg ( feed through ) eenludeniwnFeziudunnamansi
wanzaneglugae 300 T 500 fadlavifiayiia dyqyrumegqanazdadivanwdgauinndlss
2 01 (05 B 1 aaviayia ) Asruanansamsindanmstesaasiilita 50 3 65 g Suegfi

oy
ANND 1Fau

=12 .
(+ 19OWA RF

)6
v

out
Qy Qp Q3 _Q-g—

4 (= I)
. - ot=) O Qg i——
Ty j\

v o 2
—
3

—C

} Usudasrony ‘

7UR 2,46 2easmely IC waf 1496 1iTe 1596



0y~ 07 = 2N5L57
0SG

nl ar 1 < 2
$Un 247 fhatdasasunaudusgamaily Ic

R
v . A :
LT L
Rs __C3 Cy
% 0.,)“ IO.I}JF
< Ry L
2 < T 0a -
A <:R2 :ER'
oj R 2 3 P $ase
U 6 fuom
5 —y g g
A cs DSBSC
10 7
0 1 O.I}JF
, 496 Vout
3
Ven
"y 12 o
1 e $Rs 3R T 5
$. P10k $10k $47a
Ry
e 6.8k
= P‘ 0ok
u'i'uauqa 5

thdaulasaasdnisadntfaslefiues 1496 dfanunsannuduissivendtyoyn SsB 16

717 2.4.8 Wnsnstlaunmeiniuilalusi ( regenerated ) M7 8 ua¥a1 10 daudtyaunny SSB Wh#an 1

WazY 4 MNABFTYQ IR IMETBILNINE ( Ut 300 B 1400 Radlaritayiia ) ewimnilFauduna

grurasdryaasmwveiudygin ssB iadudtygyioudasion 6 uare 12 Fathuwawivn 2 19 Tnamng

wilitleulrsaseena@as douannaniiafiasileulilsineas AGC

FygImnme

Wy SSB

Vo= +12v
Q
8200 13
- IO.IuF
0.1 uF !
. = 100a EEsk 23k
o ’_| VWA 3 $
s 8 2 3 6
T 0.pF ] 5
11 10 -t
I -1
n s 1496 19
111 - 0.1 uF
0.tuF A 12 1 -
b J—ot26ivn
$ie 3 -L I‘ W '
<1 < ] U3 i
3 3 Io.U,F_EL 5 10k 3.3_05 0.005

77 2.4.8 fatiasastlsindamnaasy 1c

T



2.5 ggqene@q‘ﬁqqmmﬁ ( BandeRds!

on

-
RsnTaIANDAzaan lFAu

¥ or

duanudgauaratasgnuieaenly pudnruzramasatgquunlmnnadminuudimaiamed

L

[ ) ¢
a o«

uanel¥lugtfl 25.1 dasaesprud Arwdlignianda « daandurasnanadl (Bandwidth : BW ) * uay
gnannsnanauuandessudnerautestaing laanasld o, uas o, liua asialugiterunteuses
Foatinuala

BW = @, - ®, (1)

AsNENGe 1estaarugnainfigAadanadnaanisesanudieey asla

©, = V ®,0, (2)

Tnefigufi25.1 @ wandliduipndnsuzrsanimaiiomeslugauni 717t 251 (b) wanaAm
anwnuzreauimafameslifliuila ( monotonic ) asaasiraranutinans o, lifimawAumlas
ARAMANEAMENEUIINNTINA ALANE I TINATa LU TLAn U 2.5.1 (@ waz (@ Tat
v‘ll’“,'ﬂﬂﬁqﬁ%uwammmzﬁqmﬁﬂu zeros agjﬁquéuazamaﬁuﬁ ﬁqu:'ul.a"v-w‘lo’igﬂu.uummﬁqﬁ‘fmﬂu

Ns) =Hs" (3)

—

B(s)

/\/'\
! 1 | B 11

o w © @ Wy W o &y O
ta) (hy (e}
@ oy & Wy up 0
0 te)

U7 2.5.1 nmansasmnndludnaisdtyyuseiu

AMNANMITN 3 AN H AazuA1Ad uay n azdudniressndiuresInaludies Bs) wazazilu
Auaug AndnusnawazesiaiduasEudiud (+90n/2 ) © irudguduazanaiti (-90n2 ) aiud

uaziluAuEIANININaN ©,

038109



2.6 NN laduNuans ( SAWTOOTH WAVE GENERATOR )
Suauiudenluganai ( ideal ) axsiavinuatraiudaduainaussiuinga s
AUFIRA UATMTANAL ( retrace ) atnmaFanau U rsiusiumgaAnin dygruiuden

uameiagn 2.6.1

UII0u s
| 'D’NR'WW P RFvansy

]

ma =

Vm'm j

0 1287
S
|

S - TR'

U261 dyruiuiReswudadu
e‘ ar d' a 1 4 1 ] o ] <4 1
[ N7 2.6.1 uansdtyy G swuLEwdy widuresdygyueanidu 2 dauRadau
é’ o . .. ' ar ] .
aAIILLEE ( linear rising ) Fandnusaduusud ( ramp voltage ) $9991989097A T ¢ ( sweep time )
UAUBUTNTRLABUUAIRIMAIAN (V) AR (Ve ) ARBHNMAAINTRL 10 MTAR T
faranwn Wagaraurnuiiavsesasianduiludouians ddasaaniandy T, ( retrace time ) 79
v . T S S L e o X a o Y
Azpiaeiidnanafiduingn iascldBuiauluiatnmads ludnasinnduigaidiaansaussinmygn
e azldlivhuduasninnduuusanin
(Y3 d' d‘d ;3 =l e e g
AyqrugUtuRashinasiadnnaniziil
1. nalamdwdadu
2. fimsazianausadi
dl o ] ¥
3. muANANILAsFuLsa A
4. Talasludléidne
° - v dl = 'Y o :’; ] o a . [ 3 S
aasnuiadtyyraiudsaiiagicuiumatauny mudnasiudiauuidteld RC aulieneas
AfiandszAninngs wiu neudawmas
S e P d
Auansiraiurzunindgnsglaisumans( tiangular ) uazdtynyrougtiuGaas ( sawtooth )
[-3 [l 3 . . o i 1w . o
fife 191N TU ( rise time ) TRIRTYUNUATNMRENAZYINALTIUIATNTAS ( fall time ) 1@Ne WuAe
?/ o Q . < Vo ar J ' < d'
ARUNATIUNGY ( swing ) AN Vage T HVaaye SETNMLNAWMUNNAN Ve T Vyye ( QU7
“ v o - X P O X @
2.6.2 b) lunwasaiuiu dfypruiudesnaranausgliviiunatnaniuae LaTTua1asda

J L o & 3 4 i &~
ndruaavialunnanduiu wasaiedyousiuwden (UR26.2 a) awmnsafiszdnulaslfituasas



o J ar i o l‘.” - bl
afndygrniudeslilasnisilauusadunszuanss ( dc voltage ) inlURuwewBuneife recdufing
-« $ ° J (v [V . ] ar [ a‘
wef A , Ganlilaanisldirsasinsedulnia ( Potentiometer ) uazsadini +v uaz V, Ml 263a
ar i 1 « g 1 & o + - (s - }
rAuTaand laaimailuey huavinnees A, Tuegiunisdiud R, aunilieviynaes A, Wudygnd
- o vl o acd v o ) - v
WAE ( square ) uazUlfudn R Willssauwagiuiuau tufuanaanud wniynees A, azldistidynnu
« 4‘ o [ [ ial d‘ A‘ ' & AR o a,l‘ - -
AMRENaaNITIRsLagLUssAUIWAT Tetuagiunnliudl R, AaRlaAs (duty cycle ) asdyqin

-

{ o :’1 . . as h a _a ] ' - o
amdaumlfainda ( Polarity Juazaun (Amplitude ) 2189seiUIWAT AnAqRlTAaRTANTasNdn 50% Az
- § A’ i « H L U 1 -
Wiiadtyniuiestuienivwees A, ( g7 263 a) §lfuan R, Wagnsanawadazlddynn
d 4 . do . Y d e . X
aNmATNTIIE IR A, uasfisnwnidussiddyyiniuwbes Sulfureulinie v fraanaimiu
ar dl‘ ' ) a Y k4 - v 1
reedtyryrnyRuidesarinnddaatad lunnssiudraddiuliraulunig v, danatansess
3 A’ o~ :’a dl - d‘ ¥ -~ L7381 -l t
1Nnd1aanTu Anluanutrasdygiuaesanasdi R, gnuiulideulimesy,, via - v, adwls

< . X v
Anunaresdyyinliauiunisdiual R,

1
i
[
|
Ty s ,S%,f% 1N4735
? V=62V
40 <2 (36 Q pot)/Z&D2 z
]

], $1C <0
= -15V
{a}
Ve uzze d
. 7
= 7Y -
/
-V - = ~-ISVE \<
v / - time {ms)
“Vo,.==33\} / i\‘
i} 1
-l 1
v 1
|
I
’ T -
0.5ms

(b)

gﬂﬁ 262 assliadryninglaiuwdsy (a) gUdtygm A | waz A,
dual op-amp ( 1458/353 ) (b))



40 kD2 {5€-<Q pot.)

VVVV—=

Ry S 10k
<
Duty cycle
adjust
(a}
Voltags .

vy v

o
_{ \\ -

ov \ /\ /\

/ \/ \ Time (ms)

J o - o |
qUn 263 nsasilindtycyncuiiias : A, WAz A, dual op-amp (1458/353 ),

D,uaz D,( IN4735), V; =62V (a JoUdtyeynueyinm (b)



Comparator ,
[ 14 . . <4 . . v I# aa ¥ 3
comparator 81auLean it noninverting 1138 inverting dneviwngnanyi Wagluann azg
., d o - ] -~ GJ o .. or 5
{ high state ) u"li'a?zmud’ryn&nmauv!wqqm'\?zmuLﬂaﬂumqm ( minimum transition level ) astifialuaeas
noninverting lumamseiudan Sreviwnansdlilianiazm ( low state ) iaszAUATQILUAUNGINI

o ] o P . .
?:ﬂ'l_lu_]ﬂﬂuﬂ'\ﬁ;ﬂ QQQTUﬂﬂLﬂu NAT Inverting

Noninverting Comparator

q’mgﬂ'?'; 2.6.4 a dryeyrudunnilawdBuwnanuanuasdunmanaugnaieansad §1 v, >0 o
uasinsrashamsdunmuazszaulamaWinnsnitiduan uns€ifl open-oop gain firnuang v Atles
annsaRasin i v, aﬂ‘luamu:%lnﬁa ( positive saturation ) Y38 v =V,

(@ (v Y
. Viu

v O—————

717 2.6.4 UAAL noninverting comparator (a) WAZAMANURAUNN-BWIY (b)

i v, < 0 Mueasnrashansdunnuassziutamaenivmaiiandusy fiv, Avdasfiamisn

fazinlif v, aglusnuzdusa ( negative saturation ) Tnaialilqrultuanuzasgnasnilies o v iufe

L3

Vo= Ve, AmFu v,>0

Vo=V, dmiy v, <0
Inverting Comparator
lunnanduiui noninverting comparator SnTLNARRINTAAIBud Ty AUYNETIa
) % o [
azld v,= Vg, dwmfu v, <0

vo=- Ve, Auiu v, >0

AUANTRTIRIAUNY - 1B uaniagyl 265 b
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(@ 0] Uo

Ui

- Vul

U7 2.6.5 WA inverting comparator (8 WATATIANTRDUNT-LOWINN (b)

Noninverting Comparator with Positive Bias
Ranrueaslugif 2.6.6 weaiuunn v gniiswddduwmeiay uazdyoyro v gnitaudindumn

119N HesTAURTYQIMAING V, uasusdudusmiiaay uazseiuussiueniwnaziidtay ( negative

ref
saturation ) Tunnemsariudnn WeszAudty nBunndAnfussdures V., naiaussuduymilauanuay
winaziasuliagluanrusiian ( positive saturation level Juazazld

Vo= Vg, AWML v, >V

Vo=~ Vg, amiu v, <V,

(@) ) Uo

4 ref Ui

- Vsa!

2ﬂ17: 2.6.6 WAM noninverting comparator with positivebias
Inverting Comparator with Negative Bias

a1ngUft 2.6.7 usasuau - v, gniferdiduvmanuenuasdyyioduwn v, gnilaudindunna

ref
au WesrAy v, dAnnndsyiuussiulunen (- v, idunaliiuadisussiuBunmuasssdunsadiuent
wnilAntuuan agli

v,=-V ANUTUL v, >V,

dmiu v, <V,



(a) (b) Vo
VSII
Ui O

Uo [

]

Vref

il

gllﬁ 2.6.7 UaM3 inverting comparator with negative bias

Noninverting Schmitt Trigger

1 [] 173
7933 noninverting schmitt trigger 11149935 comparator Usztnnuile wamadagili 2.6.8 lueasiiha

1R v’ NBUKNTIWAN ( noninverting terminal Jiunasauredunnliama v, uastaainaeyinm v,

——0U,

g% 2.6.8 2937 noninverting schmitt trigger
W v, uana viuguaes v uazli v,” uams v’ ugiees v, lunisunen v, isnazannaann v, 1ude
191184 R, azgnAasIngag aaiulaawms v, alddle
f 1
+ R f
Vi = TV, (1)
R +R
i f

Tumswian v, 1aanaain v, Taenng shot - circuit 181aldiiu

+ R.
{
V. = —vy (2)
2 R +R_ °
i f
+ + +
uazazls Vo= oy o+, (3a)
. R, R
=
B v = ——— :

- v ¥ ——v, (3b)
R *R



" e - g “ v e‘ll ar v, + -

ﬂ’)quiwg’nﬂu‘ﬂ’aﬁﬂ'\?ﬂ')ﬂ‘ﬁﬂ'\”'\?ﬂﬂqlﬂ’ﬂ'\ﬂﬂuﬂq?u Qzﬂﬁmﬂmﬂ')qlu@\‘l"nﬂ Vg =V 'iﬂlﬂﬂﬂu

-3 A’ H I " .. d + -« [t
ﬂmu:mm‘nuﬁ V* =0 L’BWV]V!WQZ'DQIU?QOWHWQH positive state lﬁﬂ v >0 Llﬂzl’ﬂqﬂy‘!ﬂqxﬂﬂluaﬂ'\WﬂU
( negative state ) \ii8 v <0

L o= - 4 o v 1 [

’iqﬂﬂmﬂNUﬂTﬂQ’ﬂUWW - IMHn 11«!21_’ 7 2.6.9 auum'n'lumﬂuuﬁ‘mq'waq'luamu::"iNm‘Nnuﬁ U
y . 3 . 2 a ) +d vy - 4 -
DILNDUDIUAU A MUY v, = 'Vsat » Vs HATAU URSATIN v ‘N“lmmnﬂunﬁi‘ (3b) HAQAL ( 118 v; WAT v, NAN

Wuau ) Wet v, = v Tunu (3b) azlddaeq v Aa

. Rf R
i
v o= vy, - ey (4)
R TR R +R
i f i f
Uy
Via
D{ h C
Y A
_Vr Vr U,'
B
y 4
A -V,

7UR 2.6.9 uanepmuaTRLe9BuwN - Lavium

Wenazwasuaniue v asdasdantuuon W v >0 lu (4) 5azld
Vi > — Vsat ( 5)

. . X
seAuliama v, anunsavnldann comparator iAa

&
v, = v, (6)

R
f
a 1’, 1 3 an val al 4 ' ' - -l o -
Andu v, avsieanndiiAnduuanuaziidminnda v, daufinsasazinlfsuantue Sauanamuiia
naragnasead A lugl 2.6.9
Wi v, A v, viynaswlaewdy +v, anadu 8 nsdin v s lfauwnuasuaudu
usievinndeaglugaauan ( positive saturation )

anmzdmiunisadadnau wilddaanasunu v= +v_, luaunas (3b) azld

26



27

v o= V. + Ly (7)

Tuntsadndndu v’ azdasiiaiau Wv' <o W (7) ;i
R .
1
v < v, (8)

R
f

d’ 2 v a :‘i’cd : [ 1‘, - 14 -f v 3
TIMNATUTIHNDYBIANNITUNABAN - VT IANANNIT 6 muuauvm%aLqummauum‘lmﬂum
v v oA < o4 ¥4 - P
AU -V, MHIEUC naunNasiaguanIzanAT Ui Lumﬁ'tﬂﬂmuaqummuumLﬂ'mvgwa:ammﬁ]u

-V, mdu D meanasuad v idunaiiansdeulindenudu A
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- a L4
BUNENTLARG 2
AN 2610 WasanfiduwnenaufiA 0V, i, = v /R uazfiasarn inverting input
impedance HAgaiail i, = i, wwinhamaaduiinaaeinidlag
LY, i - Jin
) Vo = -C.olc(t)dt + Ve(0) ;i) = R
AU
V. = --—l—fav. dt + V,(0) (1)
[¢] RC n Cc

1% . Al A
il v o) dulhamansen ¢ reududuiinan t=0, v, = V0

Yy a a e, - - . o o
RMNANATT (1) DMBUNNTARIN V‘n NUAAIN LR VC Nﬂ'”.ﬂu 0V uums

1
AV, = -—(V. At (2)
° RC .
o v o ol - - 3 ' o~ =
FMNANNTT (2) m'lw.nmmﬂﬂﬂauuﬂma‘:ﬂu%ame’mvgwmwwmwm UUAR
AV 1
—2. —w.) V/s
At RC™ In
. C
11
1R
g —
R
Viy O—AMA—4
i .

71 26,10 uannsdufinsmes
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; 2.7 293515AR S ( Rectifier )

Half-wave Precision Rectifier

Half-wave precision rectifier snaufagl inverting amplifier ﬁqgﬂﬁ 27.1 nlansaaynsuiu R,
uamafag 2.7.12 Ianinniiqasessuindlataaty R, $1 ( polarity 11843 rectify wnlFanfianeredia
Tan lugl 2.7.1a fiemnereanszualuatinu R, wanfianraslalen ua:'?nﬂw'\wmni‘xuﬁﬁﬁﬁ”lﬂq%wm
tamaievinm danilalansaiaes ( 0, lugll 2.7.1b desgszuitanimaeseauuealuazqnsn (Buwn
9181 ) Haefuns saturste TateeLuaNTiaNdTsifaINTT (unwanted half-cycle ) SRsTENEUSIAY

( voltage gain 1TEMIN vy, URE vgur A8 - ( R R, ) dRsImstenaraeasarmnsmfdelfifnanisnfaud

RF VDUI ' A ! B

A +—0

A Vin R; Ie l D, rectifier diode

ot PR o
VRANTRALABTUUAD Rl usa R E

(a) Basic halt wave rectifier circuit

RF
—AMA ——0 Vour

Ry J& D, rectifier diode
Vin O——WW—4

Re
Vou =T R Vin
For positive R ) )
output voltages c ay D, saturation prevention
only diode

{b) Half wave precision rectifier circuit

JUM 2.7.1 uaMINAT Half-wave rectifier



o~

. 3 L4
npfh 2.7.2 du inverting half-wave rectifier Tefiansounlagail

18V, > 0V laaumafidunnanaw( v, uazlaaiasauymanan (V) 1aseauuas =0 v nswua
Tuati R,azsiaeimaandrgllannlug NITUAUD, Winfu Anfufievivmaesaeuuan | Vo) = V,- Vs,
L 4
enAMIEI - 0.7 V nszualaignunsnluacing Ry D, fatiud,axagluanuetln ( off juay

V,=0V dmiuy,>ov

o

Wa V<oV hansidunnanau( v uazlaunafiBunmamin (V) sesesunend =0 V nssud
. . et ny A g .
Inati R ananlidng nszuaasinarinlfiany D, uaz R, winiu uAav,, >V, dulu D, agluanny
Uauazazldmuduiusras uaz v Ae
R')
V,=-—2vy V<0V

R
i

W01 4+ 0

gﬂﬁ 2.7.2 WAANAT Precision half-wave rectifier



2.8 Lﬁﬂﬁﬁuﬂ

- Inverting Amplifier
Inverting amplifier 1ﬁttﬂﬂ01'ﬂugﬂﬁ_2.8.1 “ + input ” ABAY ground TuLANSRNAEN UG

resister 111 bias compensation fagl Mgyl R, 1l feedback path NNnEimuERuwndalii e

WuAraaslaasiins seudna inverting input ground 191azld

68 = e-c, (1)
R, R,
Ry
Wi
Ry
| o—— i T
€in e
Ik‘-‘- eout

UM 2.8.1 Inverting amplifier
aun3(1) ilusdailesanntdnannauiudada input impedance 194 operational amplifier HAN
: - : C i b
infinite WuAe laifinszualvadinlully amplifier nesuatig R, AflAwvintunssuafisinu R, Anvia
. . . LS S, - Ud v
open loop gain U84 operational amplifier AN infinite , Voltage e wﬂuqua WNWIzasUU 4Nns (1)

aznaneilu

Cout = 'RZ (2)

ann9( 2 ) Dol closed loop gain U84 amplifier ( (WS feed - back network ) 1
ayanwal A,

A = -R, (3)

&5 open loop gain 289 amplifier wunusradtydnmal A,
a9 Input impedance ( R,) 184 inverting amplifier fAviniu input voltage M13Aagl input
current
Rn = e, (4)
(e,-e /R,

v . . . P ) . 4 vy
UOILUBI[IN input impedance 194 operational amplifier HANDY infinite 1913914



R, = R (5)

- Non - Inverting Amplifier

Non - inverting amplifier 10'1'%6\\1631131]7; 282 1ila open loop gain 284 amplifier §AA infinite |,
voltage TEWIN inverting terminal WAL non-inverting terminal AeilAatununy laidiaeAnileda
Voltage Asan R, fiflAwiniy e, uailalifinssualvating inverting input nszuatinn R, Azwinriu

nsTUANIU R,

o— 7 +

Ein e=0 -0
\

T o S R, Cour

¥
y

3171 2.8.2 Non inverting amplifier

- Cou” Cin = & (6)
Ry R,

Azli A, = e, =1+R, (7)
€ R,

w3l input impedance 284 non-inverting amplifier i ideal TAu infinite fa39 1 Alunng
UiiRin 1 AnusiumuAngen sialA7 input 1 input resistance ( z,) uasdlei Z,, AQUNL ratio
UBI A, fiD AFQﬂﬁFl"\ input impedance 1842949 non-inverting amplifier
Ra=Zn Ay = 7, A (8)
A 1+(RyR,)

azuuléidn non inverting amplifier 1 input impedance §9n97 inverting amplifier

- NIATULILULULUASIN
. da v : "
wAspensuuwasniuaeastenahlisnuadumsnlumsfuussdedygyiu Tne

. < . . v mm  edava o X A .
dygraundaulinssugsnsrdairndinme fiia Windtyoyunnasentuiisassaszuing



flnwmaiiuwaudoinlioeng mnﬁuﬁmtyﬁmﬁﬂmaLté’aéqmnﬂéaumNsﬂﬂo\'mzuthmmmﬁn
mea‘fr%’umm:duﬂuﬁ’zyrymumﬁvgmmmﬁw-zs nsasiuaduanszaninsad Yadlumna
UftiRudaliianisnazrawsainsndldlasns woswadenisuseiuluueanssuanssduay
uilafterm limsmdamesanansarinenly Suledldafines Cq mﬁ’mﬁﬁimuﬁmmm

( bypass ) AMNUNLAAINTING Lﬁﬂw’ﬂﬁmﬂLf?ﬂumﬂfauqnﬁmqmmnﬂqvﬁxm:ﬁﬁmwma
fyurunsuaady Gananddinaf i tnemiardwes ( bypass capacitor ) g9as ity
;;Ui"‘; 283(%)

=1 _IPN I,=1c
~—= E ~C «2F

0

Y 3
) z Z x
Bue |k \’ E/ E, 17ya () 2easRugIY

Y

o 1 -

NPN
IE E/\C IC
o— —O0
—4
f— R
_%_ Y B _%_
. Rg T FRg
au’!ﬂ i R la’lﬁ'ﬂ‘lﬂ "
o W Bl B (2) 29aslanu
1+
=v

gﬂ"/’i 2.8.3 NRTVENBULULIUATIN
ATUANHUSUAINIATUENEULLLUASIN
1. ﬂfaud’tytquﬁuwwL‘ih%ﬁmtmaﬂﬁauﬁumﬁmﬂmmém
2. dedtyeyrcuaananaasainina fifteuiwue
3. m'c‘iuﬁumwimw’hu%uww%qﬁLﬂuﬂ"\auﬁumwfszwdﬁwﬁﬁmmm'ﬁuma azilAsin
amlszana 20 Q (lesnndfimmedlifunesnss Wadeuiuwa )
4. Andufiuauimaitueingalssinn 1 MQ (desnmreadnnesliuluueandy
efauiuwa )
5. WA ( phase ) I@dtyryuBuwnintiauiuseesdtyurauatying
6. AMTINTTILIENTZUA ( current gien ) MFdtyanwal o TaqiuflanldAmnslines h azld
F9tiR hy WNUERTILENENITUATBINATTENBLLLILATIN
hy= NIZURDWINN = Iy= |
neEuatunm -l_; -|:
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azliAntiesnds 1 maznszuapesaned (1, ) Santlandnszuadiomed (1)
7. ANIINITEIUUNAU ( voltege gain ) diatia A, , V,
A, = WNAUBWINN = By =V,

USIAUBUNN  E Vg

ganitiasnieyiynanfuaudiAingauasAunnduiuaudiiansi

- ’J\‘i‘-]'i’ﬂﬂ']ilLLUUﬂ’ﬂaLgﬂLﬁlﬂ‘;‘a{'JN
< o Al et 1 Py ’ o a [ ¢
NATUHUULABRLANINRTTIN N‘ﬂﬂl?ﬂﬂ‘lﬂ'ﬂﬂﬂﬂ'\\iﬁu\i']'\ NITRUALADIAN
. o 173 o e ' a ae o
(emitter follwer ) AngUuLL9siagldnmeaidninedfidunin dygrnduwnifidtumieen
' 3 ' o~ o - s - o '
LLARTANATANANIRELADTLUINILIANLABAANIAAT dauargryﬂrutﬂ'mwwﬂﬁ’\’mnmsmnﬂ?'aumi‘q

v
seRassuINANAmesTUARadNIne Fluazdesanndiinmas Tnallnaald@ninasnaaansiod

NNUENIdA N Tne s
RB
bo o1 ¢ ool
o e 5 & I __-vC=
PR S o—4-—F L L

tondine
AN

& y
WATHUTIU 29A7 MU

U7 284 aeesmEnELLUARAENIAR TN
ATUANHIUSTDINATINLULUARRIAMABSSIN
1. ﬂﬂud’n&lmﬁmﬁwmﬁﬁﬁmmaLﬁﬂuﬁunﬂmﬁnLmﬂﬁ«ﬂuﬂgméfm
2. dadyryrnieananmaiamafinufauiurreaidnines
3. AndnRuaudadnBuwnAngeszanm 150 k Q (fasanwaliuluneandudadioy
fursadnAes )
4. AnANRLAUTNNEwETTMTALszna 80 Q ( WasnwarainmesldR luueanss

6. @ ( phase ) 1aefty L BUrmEauTuaTadty e

6. SnsMsIENaNTZUG ( hy, ) T1EAIN Iyl HArgaunn diseann I, Trgegauas |, Tardngn

A}

~ o 14 . o 2 ' - a a rala

7. ARTINIUAUTIAU ( A, ) MTHAN VeV TAviunniiasnds 1 dlessndnfunudiiau wn
49

8. AnsaEEnnaa ( Py ) waldain h X A,



nsi sl Widhwnesstules ( buffer ) 2aaniinafAanasidfunanssitantAuin
gasnasiuannIAnin viausastiasfunis@anssnunsaiioutusswinemeas 2 w9as L
Miusatussninnasindfinndngeimisanuanuiuautines sy weenadidy
NATUNAT Fﬁ'ﬂL%NT&@T:MdNN@?ﬁﬂﬁﬂLmvagwﬁuﬁumwizgqrﬁ'mqqsﬁﬁmﬁuwﬂ Buduaudin

d‘ Vet 0 o ar 2 o v < e:
Waliiinsdemaanidslinuliviun

- ATV HUULANAADSTIN
e’ k73 aa -« ' ar o’ 1 - ar -
Wurasildndlinmefiflumdniudyoraduasdedygrueen Tnadtygyndumn
v el' < w oo I'd o '3 d' v v el ) ] [
artloudiruaineuiudfnned uardtygrouevimndelfanussdunanasaussuinasassia
ARRLANIBTTLAN MRe FAcdenanaInaasnnealdnme Naaiouivdinmes §nislunea
dyel o~ ¥ d'y aa .—d‘ o I d 173 -l
MR TN UMURTuTASane falun A luie s LS SIS ALLIARZA RN LN e NI AAN

1hdnef (G, ) Aenudfinmefainsmaielilfiianisaanaudnsnissang 1a9aas

(] <
c .
I-J'_»’ =1 B T A o
S}
- Z. {E /Z E_ 26We
auwﬂ . Ei \'l( o o 1
IEi l
o \ | Y °
|
X 'L*'
')QQTwuﬁqu NITIIIU

77 285 wastensuuuARmnaiion

aa o Lo
ATUANUAUDINIATUILILULUANALABTTIN

a o Ly v -

1. BufunuinieduBuwndszanm 1.5 k Q (dasanualifuluueansa )

2. BufuaudnefueviuniAlssnm 1 MQ ( tiasanaeadnees U luweandy )
3. wla ( phase ) 1eedtygyauBuNATAaiudtyyrnuatvivn 180°

4. dasmsuenanssua 1¥dtydnwnl B vida h  fiAnga (iflasann | uannnda 1)

B = o = |
I | IE
o o Yo P P P eud
5. AMSINNTVENBUTAYR LDhatia AV s VG Nﬂ’]qxﬂ LummnL’ﬂ’mv!wanwumu‘numﬂﬂunmq

usrBunnauRLAUTIAYG )
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Al e
EI VBE
6. AM3N3vEnEig 1dsiatie Py
Pg = B XA
msilifldny wasifinmedtaugnilldnuetinirenannndnnemi 2 wy findl
udn dulirudunastenedugnalueiosis nyinsvimaslszano 80 % 48NN
Widhnesseneindeluriessa o Wuﬂmwsa’éwﬁn;zywmﬂ?ﬁ"ugﬂ‘lmi Wlunshnegan

o <
AQULALAN “RY

- Adder
2947 Adder W output signal Hidludndauiunasuues input signal At aufuanly
517 2.8.6 it 3 input adder circuit. input 914 3 Hauuaneinu resistor WAL inverting input uRTaaY
-l . . N . . . L= -~ o) ] . . . <
A% non-inverting input WaTinverting input AATINALAEAUMNAWTWAY inverting input A9ty
virtual ground source voltage e, e,.e, ﬁLﬂuﬁt’gQﬂm input CRY input U84 op-amp WiniRen resistor
, o ! a o . o P

UL HATINYAN input current NNU Ry, Ry, R ALHAUNINUNTLUAYINY R, WAL amplifier WX open

v
loop gain gasnTaiRe input current WsTzazy

e, + e, +8 = -, (1)
Ra R Re R,
Rq
—
Ra
R -
ey o—_._wz_a.
——0
e Ot .
+

gU7 2.8.6 input adder circuit

w1N R, = Ry=R.=R L1acli

8, = R, (e,+e,+e.) (2)

out

R
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Tufil §1 R, = R, output voltage ATHANWINTLNGTINTEA input voltage (1 R,= 1R ;
output voltage ATHAWVNLILATINT®Y input voltage UNSAAT 3 17D output voltage (1 average

U4 input voltage

- Attenuator

~ v

fasinunu R, uar R, Tugllf 2.8.7 ( n) dsznuiuduiniumeudynruniGends
AuLiusais ananeusiiuseduaiwnazitAussiuinanussud s Awiaaesd
NSRS T S ' o v o .
R,/ (R+R,) dasndauliszlinuagiumanmaudifmnatlididousesifiulssqdinunnanag
woiluguzlfarusiequinsminwudiasfiAsouiudszqunsnua ( stray capacitance ) anagias
] e’l’v ' v ¥ [ : n‘/ a a é’ < A’ 1 & ' a;!/
AN C, tinAsandafium R, 8¢ AuiunanisiumeuiiiatudsluagiuAAite
; T ' cda X oo :

U7 2.87 (A) Wusasiedind ¢, dhluiesageAifintuandadivdsey ¢,
al a ‘ I = a & ow - 2 : -
Aeunandeyudisaiinidnenizeasanalauidunasiiad daguit 2.87 @ dwndwded
aunadisanaaiiowdaduasas Xy 1 dufe ussiu v  asaflowsudu RY,/(R+R,), B

dl 4 ¥ a « o v L TR lI/ - ‘I’/ .I/ -
nisnaznsein liidadanaatisnassiedliidn R C, = R,C, Tuee Mitiulurasiunaudoyio
gusiasaiulsys C, wiiawnsngaslilasnisAtuamien C,

-4 ¥ L ar i v = i
anuannistiiensinen iUl lunsinanadn ( probe ) Alfueesdalaalalfilinzan

t H . 1] 1} ;73
wea lTndtyuianigaia Wdy g uidnlilifianeullangddyyoni

C

(2) asaNyadATdafuLsyqunenu

t »\.+ - -
“‘ - T
vi X I+
L —:CZA Vo
(A ) WAL TBALTE (4) NAINANTTATHANHUSULULTAS

gﬂﬁ 2.8.7 24AT Attenuator
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unfi 3

N1SAIUY *NSAS

v
TudauraanisasnNUULNASS wanfueunlame flumarunsnuanaduyda Alaazunsy

MIXER 2

MIXER 1

10, 20, 30, 40 dB

BUFFER

SUMMING AMP.

SAWTOOTH

GENERATOR
50ms,300ms,1s,

l.
! pISPLAY

455
e———> KHz

BW 10KHz |
BW 100 KHZ |
s

= ATTENUATOR

TX

U7 3.1 uameufanlaesunsunisinnuissanlaniieunlaef

i - - i o z - 3
angUufealaazunsudifiduanlaniveulamesivmutulneiiasilssnaunugu
-] ] <3 o I's o k%4 ar .
WMHBULLLIL swept heterodyne spectrum analyzer nmf:ﬂmwsﬂamm@:qnn'mun‘hmﬂm ( fixed )
aulanfuszgnideulliddonnunaulnanis mixing wmnzamifissanaasuuuiwianawmesd
o 1 Adllf - 2/ [ :’/ <% e 3 al a < o L% a
quanadluduiidasnisiduin aniAachidealinisquanuirediameiudasimualianug
[ ] L
YaeAAnaFANAAMND IF (intermediate frequency ) wazFenNamafilin IF Rawmaf
wimnrasdinge A ldduarudnauanuazanadnaivzedlaneaseadameiuas
. " O S S e va . 4 4
wnBumuA s F Ramefiquiiniainan anuiiineslidudideuanud
Aurmiiiduautinans dauannafidugivdessgnindneeniuing IF Aawed Teuaea

aanuuul3An IF Rawmaf Aad1 10.7 wnzidimauas 455 fladme
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ngludenlanzunsuanlanivawlamasld VCO (Voltage Control Oscillator) M1unu
- o al d' - - e’ A' A’ - ) 7 J o
larsanasdaiainaiuazil Ramp Generator Tan@AndtyqurnsevimninTuuL Uiy tetian
duveo uazsinuansluuwnuuen drunnusadudyginfintaniafames iufinges
- al r v a o . 4 -,
2 A,2NRTTEE, NATULUAWIANARET LAIAMARTY Y1 wazSIsenaudaenaasaudnigy
2935t Ine s, NAsaANaY
[ n: 2 . v o« 1 . R N 1 4
uaanlaazunsy 7 mixernia IF 167 Fundn single conversion receive ANAIND IF
° £ 73 o e R , v . a ' o« < I'd v el'
gavinlin9n14n image frequency 1M sl IF Ramafuuduauuasimamefazaireeni
el' 4' v & ) Id - -l o4 ] -J al't: . -
ARG T lunenduiu Ramefuuudiauwasimamasairsdraiauinusszifymlu
o e [ :’; =3 124 . . ]
N1¥N1Am image frequency faviuaald Multiple conversion stage cascaded Tnaunay stage Usznay
sasfiniged, lanasseadaianaiuas IF Namafialaneseeadaiaine fuequsias stage anawmilau
v . a -« o A’ ] ] Py yc:
fulaglfain Master oscillator iTalanaanaadalaABMAIUNILIAY stage T4 lLALAAB VCO (
10.7-11.7 MHz ) WA X-TAL 10.245 MHz

saaziduarasnisaaniuuluiiazasaznaanluansusalyl
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3.1 gmuﬁ_ﬁg ( Lowpass Filter )
n1ZAANWLI

AINWATNIANMNTANDANT 1 MHz aldidn

.

Rpew = KpRold
» 1
KmKr

Chew Cold
° v 6
Amuali Ko, = 1000 ; K¢ = 2W, = 27*10

Aufu stagel Rgpg =1000; Cog = 2Q,12Q  [Q =0.54)

2(0.54)
Cp .. . %
10° *27*10
= 171.8 pF
1
Cy =

2(0.54)*103 * 27 *10°
= 1472 pF

stage? Rglg =1000; Cqq = 2Q, 12Q Q= 1.31]

2(1.31)
C NCISU3
10° * 27 *10
= 416.9 pF
1
Cy =

2(1.31)*103 * 27 *10%
= 60.7 pF
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o 4d "
U7 3.1.1 as’snsavacNdmnesnuuy i



Ay ( VCO)

a

1947 VCO tudnilunsasdnAyfigaasasuiie mssilufarimuaafssniwdmaiat Ao

'
=

wa et vy o . al o a Y a o

ANURTBIVCO 'ﬂﬂﬂ')?"J‘Jﬂ’ﬂ\iﬂﬂ"lﬂlﬂﬂ\ﬁm’ﬂﬁﬂ‘]'\ﬂﬂﬂUT’Jﬂlm@ﬂuﬂ'ﬂlﬁulﬂumﬁq HIADHTNINNN

o -~ P 4-" - ) -y ° pd‘ < = .
AN ( Nﬂ'\?l.ﬂ’r]uﬂ’)'luﬂﬂlﬂﬂ”i’\n’qmﬂq&lhﬁﬂuqﬂ ) Vl']\i"l‘lﬂﬂ‘/lﬂ']'\“ﬂﬂ\]-llﬂz“']l')\lﬂ'ﬁ‘llﬂ?ﬂ ( tracking )

v
NN
-~ <& - « i) A H 4 -
3euda VCO fiRaeaadaiainaiassuan wilanani® unsuasuulasnandliunisensda

wnlinulaamaduwn Aalumdnniseanuuy VO fasiidnwusidwisafivesstaamef

J310 .
. * ' [l—\ T +5v
3

™\ D1 = ,
= JMvi04 -
F
§ 12 uH
100 uH § 1KQ

S—”

()

10 mV

~NY g

|
AN\
Ll \Y

D2 § 3KQ
MV104

——AAA
5
i}

L!
=

Vinpul

=

g1ff 3.2.1 a9as veo fildeanuunly

mngﬂ*?‘i 3.2.1 aziiuinanlsznaufoedoufiduasisng wasdnufiilussasuned
(tank ) Tudoufidusnsnenaazlsenaudan FET (310 ) uazludadan s Vee ) 5V ludau
fiusensunedazlszneudan ausninaslalan (Varactor Diode ) Aa D, U D,

aaseasiaminesendunsilaunduuinuan ( Positve Feedback ) Tnsannasasdnaduandanis
ﬁauﬂé’mﬂnmﬁvmnﬁu‘lﬂﬁ%uﬂwfmﬂmuw-mtmﬁ'f‘ﬁqﬁmﬂmﬂﬁmﬁuﬂ?za (lufiiiAeausninesln
Tan ) 2easeasdanmefuiGondt « lnafinsaadaiaines ( Colpitts Oscillator ) *

lunmseanuuntasld Simulator azliuameuaueIANNDR 107 inu@mdRagUii 3.2.2 uay

U 3.2.3 Wugtlianinisesadaanseenias
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1
1ov
'

sv4

.- v(;l z, -------------------------------------------------------------------- PR R L AR x- nm:
Frequency
o - - - a
Eﬂ‘/l 3.2.2 HARPUAUBINNANMNNLRNINART VCO MAND 10.7 WNCLEINT
£ L R R LR LR LY
Z.OV-\i
I.OV;
a.
-l.OV-; . . \
-Z.OV‘.; M M
. ARRRRARRARERRRRRERRD
3OV e et nsaenmenmnmnnmenmneesganaeernnennnen reetmmemmeemseyeeemcesesmss: seeeseenmsneeenn Vermmmeemneennrrmeenennnes . |
o: veensa 0.5%us 1.0us 1.5us 2.0us 2.5us 3.ous 3.Sus 4.0us !\

Time

71l 3.23 uananaiinnnseeadaiantadnens VCo irmud 107 wnzdisndg



3.3 2499AANARAAATALALABS

[
o o

AinaenislunasATaneaneddaamas Usznaudag
1. Wudnnisrasastlaunduiuuuunn ( positive feedback ) uaziiAn loop gain > 1
2. SLALUBNANRNALAUTAEY match AUATANATUNIUNY IULDIATANAA
1 <l ell N - £ 73 =
3. ANdtasnInneAlNd ( Q) AeluATaneasadlAM NN TEN

'
o a

4. ﬂmmﬁmﬂuﬁmwﬁmﬁgﬂﬂgu (waveform ) iwalus linear mode WA overload mode (Aelaifl
@'\’ngcyﬁmuﬂanﬂafau%‘uqﬁ”lﬁﬁmn'ﬁﬂuw’hmo’hﬂ)
dnulsznaufidnfudmiunesaianeaaaadaaimes I

1. NAsuENaA YU mu‘lmgﬁau'l"ﬁmmu%ﬂmeas"nﬁm“l.u‘iwa'\a‘mnndﬁ‘nﬁmMmﬂmmna:’lﬁ

AMaanuNINNI Nz 510 Wi Telunildasasueneaaiinuugson (COMMON BASE )

MANNMTRRNULLNAT TN Aty Hasil

- k7 a o« d‘l 20 2 a e‘ n‘ - rd’ =Ilel'
(1) ns@denlimaudanef fesandesnislfieasaeataianiinonunio.24smnzidsmd daduaiudh
Tigannniin winswdamesiiaenldazsiaaiArnesanuiinatmnsaduld  ( Transition Frequency : f;)

UNNIIAINDNABINT

(2) N3AR bias winsudained azimuaainmsiianqannuranssuanaaaaaas (I, ) it
aansiiva lilden £, gega Teoluinilisnld 1, = 10 Asduasudlf 1Widn R, uaz R, = 10 Ailalaviu V= 10

Taas A R, Tazli R, = 470 Tavin

2. nMsaFnearanyaraAianea iunlusunsu PSPICE waldlunns simulate T fiasanlu
- - o ol o o dE Y
NMIBRNULILNAIATaneAaaaTalaesiaND 10.245 nudmmduulifiderianaaniiaananil aniu

2, o b2 ) { - a‘lé’ ar © 1 3 ar L4
AdasinnisaiianeasanyaTesaTanas ANl 10.245 winsidsvdau fudnnisRiansanAisngaail
1) Avun lANADESNIMNIAND (Q ) = 10,000 .

2) douuamaaniiRunuatend Aa R, L, Cg uardouuansantimunusiaiulszqfisaruiuses

dn WA TenuuagfuA3anaa ( shunt capacitance ) Aa C , awnsaAunlilaafiGaulaiail

A1 R uutduranaafindnanuiiutuanaige Amnusumueynsngeqanasnsald

15Aa 40 Taviu

AN G, HudhATanaanndnauigedeegludos 1-150 wnzidsnd WE Ar € 4= 5 Alaviin
AMNGAT NIVIANATYINWINANMND ( Q ) WLLAYNINAULBIAIANIIUNTU ( Rg ) UazAT

AN (L) Aa
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L =

I d‘ < dl
{MNGAT amAANLs I ( fs) ina

15.54 mH

Cq 0.0185 nF

L%

aNs A 10.245 wnsdsnd

15.54 mH

100
Q

AA%AY

0.0

5nF

—_———
T

I
50 bF

AAY;
40Q
~\

1 nF~

input

0.8 pH

3|

24 uH

=100 pF

~ 1nF

9171 33,1 neasrtaneaseadaianes

5 mH

0.1

47pF

F

+5V

Load
500

3. 7387 LC tune WlumstFuanafIlA 10.245 winzs@ond luneasaziiluen L,C,Couas Cq

i ] a a o ' . o :‘/ d
4. ANTinannNLEn waseaaiaiaeiaraNnneaadaianliiiaian loop gain > 1 faiuiie

° [ o . vy ala ar - v L v
¥inms open loop udatlaudtyayins sine WinfiduvmuazineniynaasguazliAred loop gain Mléan

. Ve L A a -l o qu a v
simulator NNy 34 ‘INNﬂqLWﬂ\lWﬂquzﬂq‘lﬂ')\lqm’ﬂﬂ‘ﬁﬂLﬂ'fﬂﬂ

: id o co d
Tunsaanuuningld simulator azlinanaLauamIANDR 10.245 winuEmdiaglf 3.3.2

o o a
wargn 333 lugnuanin1seeadaiantanas
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3.0vs

»
.
+
.......................................... fececemcmctccacasuonacoTTT -
ol‘:);l(h J(H;Kh 1. aMh J.0Mh 10Mb 30Mh 100Mh JooMh 1.00h
e VIC?:2)

Proquency

717 332 naneuauBmAINDTRIIAIARanERRRdTAAIARS 10,245 uns@md

: H

. ”H;L I| s
Ll il
ov VAV . ) |l
H | YYeueyy ey i H; l s
' AT ;‘;,H .
5 A ||‘ .
: Wf!; |
% | '

-l.on\l’f I

717 333 uamanisfianiseeadalantaneasaianeneadommes 10245 wnuiging
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a P4 .
3.4 29°954NLG89 { Mixer )
o eo 4 d . 4. . o ¥ ¥4
wastinaiwinlunisdraacunuesdy oyl ludnnudinvuncan wiide
0 o pr} . -1 a o o~
ANAZAIN NSAINARAINTILA (image frequency ) TuRitlsenaudaensasinigafdnuau 2 #a
fngefmusnuandtyyrnulaa 1 ddtyqyrnmaue ( carrer signal JiagRanad 10.7- 11.7 wnuda
finresaanassnandynntaa Eduunnmane 10.245 winuds
MSARNUUILINAS
wasfinefazliudnnisresiniafioudusuwananaaweflunsaudyain Tulase

1 ) []
tlazldreastalsznaudngleTiued LM 1406, Tawmed , Anhinasansine dagudl 3.4.1

KQ

& Y & & &

VV\ _L A +0V
KQ I4-7 #F 2> 39K0 %3.9 KQ
2 3

O.l,uF‘L .
l

0.1

CARRIER I\P l

MOD. I\P

F 8

H
(
\

10 6 . ® +Vo
1

51Q
T 510
4 12 ® .o
10 KO 14 5
0 5102 51Q
[
10KQ l 6.8KQ
I 0luF
-

8V

77 341 asasfingeflagld IC waf LM 1496



3.5 2929N929T9ANNT ( Bandpass Filter )

Y oo . 4 .
Tunanisnmitléviinseanuuunasnsaetaenand 455 KHz Tnelduuy passive fiter

J o~ H L
3efl L ¢ Judoudsenay warldaavuand LF 351 dluda buffer flinsileunduuuuauidlunns

. P d e _ o < _
ArUANARsTENTLNe e Yiwnfiaanann Bandpass Fiter RawnawinmuiiainasFuen bandwidth

NAsi1e
an W, = 1/LC
fy, = 172"
we Q= {,/BW

ANND cutoff 455 KHz  nnvumAn C = 1000 pF

wszaniu L = 1/[(21tf0)2*c
32 -12
= 1/ [{27T*455*10°) *1000*10 ]
= 122.35 pH

WARIIIRT Bandpass Filter Ainanuuuldnagy

31l7 3.5.1 2943 Bandpass Filter WUl passive 4 stageTiaanuunly

- v o . P ' PRy o]
anwasUsenaufiaanane] stage AxHiA1 bandwidth AuALNdeaTiiivie stage (189
] v

aMndinsnrespulvateAiangs

Aila9RINeaITANE 10 KHz RelEaeasiiuy 4 stage

. J Y L

NATNTBITNAND 100 KHz THasiiuy 2 stage usnvintiu uazitRausn resistance N3

fnudunmnewdusaz stage Tauumaulfen bandwidth 18939985 Tnaldaindulusnaiuny
' ' . = o q0 o
#84 stage WINTBIUARTAN bandwidth azlinsrensuuuay walduuiadyyrunesan

ANNRINTBITIAINDNANTINAUIIRAAAT bandwidth



3.6.999% ﬂ;_gmjgu‘ﬁmﬁ@_ﬂ ( Sawtooth Generator )

mngﬂw 3.6.1 mmm‘lsmfmmfammm'\mﬁw.ﬂ@ﬂmwaqnun'ﬁﬂmﬂ'\ﬂaumwn R ,) o

ﬁ‘ﬂqmmmmuaﬂmm msw-\.,muﬂmfrmn*nmammﬂmmu'\'z‘nwﬂo’ﬁman'ﬁﬂmm?'mLumm

v

; X
R, Tneaunaumdtyaynns ( peak to peak ) Fuartuagfuaunaresil Ve ,

wnaeag

(L1
T Vo'

/"

OOK

|

§ 10 KQ

. |
ADJUST SWEEP TIME
40 KQ f

20 KQ

—

+Vce «
DUTY CYCLE ADJUST

i
0.05uF

-Vce

U7 3.6.1 asssaidyguihudes

Vg Wit
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P

3.7_2935a1ALARs ( Detector )

L] n’l’ =l '3 o [ w (] i
lwnmasasidiInRsaimamaiasinisndumaresdynnlnilugeniogn

o da o o val 4 o - o o

Anynynul Halfeycle indiszauuseiuiuauliiAnduuan anuasinmanlasududyound
” . '

28N “0el$2997 Fulbwave rectifier waaeiagLf 3.7.1 Taangdaslsznavlufag haitwave

precision rectifier

o OUTPUT

T

I 0.47 uF

@ ¢ Y

Eﬂﬁ 3.7.1 19R7 Full-wave rectifier 1sznavudasl Half-wave rectifier



. ]
4 <~

unv 4
1% NV oL

v
Tunsnaasslfinnisuiinismassseaniudowirausasdnniuasuanianmaaes

& ¥ 1’, o <t “ ] - “ 1 g |
waznaflFanmamasestiu Tueazdaaaawihfadejareiinadasaliil e
oy _
4.1 2995N989AINARMA ( Lowpass Filter )

o } e {o ]

Vl'\n'ﬁ“ﬂﬂﬂﬂ\’W‘ld’ﬂﬂmﬂ'ﬂl]ﬂm'&uuﬂ']]'ﬂ\'l')\j"\?n?ﬂﬁﬂqquﬁﬂ'\ﬂqugﬂﬂ 311 Tﬂﬂﬂ'\?ﬂ'ﬂu
o alal el a 4w Yy a v o o [ -
ﬂ&lﬂéqmﬂumuqﬂﬂ\iﬂﬂﬂqquﬂﬂuq L‘IJ"I‘V]'Nﬂqu’ﬂuwylllﬂQQﬂ'ﬂuqﬂ'ﬂ'ﬂﬁﬂﬂéﬂ;'\mﬂqiﬂqulﬂqylwﬂ

d . A dx e a o a o
antiufulasuhlfaanunau lneninmiirunaredygrusuniAiaiynacun

< i d
AN 4.1 LL’&ﬂx‘lNﬂﬂ"\?VImﬂﬂ\i'ﬂﬂd')\mi‘ﬂ?’ﬂdﬂ’ﬂ&laﬂﬁ

f—

ANATKH2) YRIATBIATYLYIDU (MV)
(KH2) Bunm R Mim \@YIHN/BUNY (dB)
100 100 100 0
00 100 100 0
300 100 100 0
400 100 100 0
500 100 100 0
600 100 96.8 -0.2826
700 100 93.75 -0.5606
800 100 90.62 -0.8555
900 ' 100 81.25 -1.8035
1000 100 75 -2.869
1100 100 62.5 4.0824
1200 100 50 -6.0206
1300 100 45 -6.9357

d o o . . dd e id
daihumdennsmazlfnesuanaguanure9INamIaIaNdAIigLn 4.1.2 uax
21 413 azuanArAafAveavidiainistlaudoyo@unm 100 mv [ CH1 | azldmaud

Anaan 75 mV [ CH2 ]

50



OUTPUT(mMV)

100
80
80
70
60
50
40
30

CHARACTERISTIC OF LOW-PASS FILTER

T T I\' T T

1 1 | 1

20
0

02 04 06 0.8 1 1.2
FREQUENCY {MHz)

a o ao do vy
gﬁqﬂ 4.1.1 ﬂ?'W‘JLL?“ﬂ\jf‘]m@ﬂwm:T@QQQQSHSQQﬂqqﬂﬂfﬂqwr}mlﬂ

U7 4.7.2 wamAiAulAMaanaaIANd 1 MHz

14
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4.2 29352 RATALALADSAILANAILUTIAY ( VCO )

Tunnmnaearaasiaglil 3.2.1 Wevinnsiafieiymivan 50 Tavin alduanis

v o S T I T a1 o o
wmammemmauvmmzwmLaamm'-m‘lwaaLLazmmmﬂLﬂaﬂuiﬂmmmm 421

A1319T 4.2.1 uaneanudnuiusrasiainauazaanulaeuly

REVERSE VOLTAGE BIAS (V) mﬂu?{ (MH2)
0 11.70
1 11.63
2 11.56
3 11.49
4 11.36
3] 11.30
6 11.24
7 11.17
8 1.1
9 11.05
10 11.05
12 10.93
14 10.87
16 10.70
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& o g

anaawaeansmuansAuANALE AT

CHARACTERISTIC OF VOLTAGE CONTROL OSCILLATOR(VCO)

1 1 E; ' ] ] I T ] ]

11b6F ]
f:‘.. S n_\‘.‘\
T 1.4} '
S 112k 1
0
i e
lElL_‘! 1L — ]
o --__‘—-_

108} g

\\\‘-‘“
1[,5_ FI | 1 ] 1 1 !
[ p. 4 B 8 10 12 14 15

REVERSE YOLTAGE BIAS (V)

77 421 nemuamsanndiusaaslavilaauazanuinAeaulyl

7N 422 uaasdyyuglmeniniinainniseasialanteeieas o ANE 11.7 MHz
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4.3 2935A3AADRDDATALA \Bas ( Crystal Oscillator )

Tunsmaaaiateasiegly 3.3.1 Wanimsdamwinniluan 50 tavin acldnadagy

917 4.3.1 aulnaiuaNlransasAsananaRaTalane f

gl 4.3.1 azflunandnanannaiueulames ( AuualiiuuouauiiaAl 10 wins
Fsndratad ) azifian1990a3aan Anna9u 0 FWLANAATAG (dBm ) NAIND 10.245
a e 5 < o a -:; a ai -l < dl a g al o ar
wnzdsmd uasfaziianisessiaaniianfludaduqan Aedl 20 wnzidmd laeasiindewnusn

aslanandy dagin 4.3.1

el

# 4.3.2 dryeyraugormiiiinainasas



917 4.3.3 Arulizaesasiaadnannia?aatiualnud ( Frequency Counter )

AngUil 4.3.2 uansniseastaiantesnasinefssiudtyyin 2594 V uazlugii £33

WadnaudinaldiateaiuaiudazlfArmudwingy 10.245 wn=dsndg



- o
4.4 39954NLEas ( MIXER )
A1N29as3LiA 3.4 1lavimstlaudunuanad 1.7 wnadf uasdtygiuanad

- a « <

1 wnzdfe doyayraneivmil lAuanadsgyy 4.4.1

i ldannisgudtyunuiaad 11.7 wnsdie uaz

219 4.4

Aty
AuouItuAND 1 wnudf

o

ey mmmilduaniniawas 107 wnzdfsaslfdoyuniannad 10.7

o

4 o
LN

a s ar =
Nz Aegun 4.4.2

31N 4.4 2 fyaunldvasanduasiniamesan 10.7 winzids
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o

° a4 o 4 v i ac i
Tumusadeaiy Wetloudtynruannd 107 wnsBfnuasdounnnA NG 10.245

v @

'
« a 'y i <
0

wnzidf Wedndnyyrudieananivenlamefasly Kagd 4.43 TUsenausnadtunyu10.7

=

=)

wnzdd s, dyyneAud 10.245 winuEse, dyonuiiduanadinauan Aa 20.945 wnsids

[~

wazdyayrouniduacudnaning Ae 455 Aladss

3N 4.43 dyoyrouildannnisgudtyoiunnnd 107 wnadf uas
UrUInUAIND 10.245 winzidfe Inaldaulaniuaunlaines
o

uanhdyyraseviynildinumwnadniames 455 fladf azlddyoyinmnnud 4ss

nladds aalugun 4.4.4

U 4.4 4 Fygraunlivdsand s infames 455 Alad



4.5 9935N52IT9AIND  ( Bandpass Filter )

nmasesinatioudyyuduwnaunn 1 e Wideseeua] LF 351 7

W4 (V oo =-10V) UAZHEY 8 (Vo= +10 V) liAnaninmiamisa

Aol TWIARWIUN BPF 10 KHz | 2w1A1@1viny BPF 100 KHz
(KHz) (mV) (mV)
100 | 31.25 18.75
200 46 18.75
300 125 18.75
400 ' 594 18.75
410 703 31.25
420 | 824 43.75
430 [ 906 56.25
440 I 984 168.7
450 1000 675
455 | 1000 1000
460 1000 718
470 984 384
480 922 187.5
500 769 62.5
600 626 18.75
1000 62 18.75

AN9WN 4.5.1 ANBunmuaziaiwniiliainaeas Bandpass Filter WUl passive

YINA89AN Bandwidth 10 KHz waz100 KHz 4@

Q = fy/BW = (455*1000)/(10*1000) = 45.5

Q = fy/BW = (455*1000)/(100*1000) = 4.55



OUTPUT({mV)

OUTPUT(mV)

~ CHARACTERISTIC OF BAND-PASS FILTER (BW 10 KHz)

1000 l

800

600

400

200

T

L T i 1 1 1

J

0 T
100 200

300 400 500 600 700 800 900 1000

FREQUENCY {KHz)

21l#i 4.5.1 rmdniussrwineBunmiuiewinniiléiainasas Bandpass Filter BW 10 KHz In7447 4 stage

CHARACTERISTIC OF BAND-PASS FILTER (BW 100 KHz)

1000

800

600

400

200

1 i L 1 I

0 |
100 200

917 4.5.2 AN

300 400 500 600 700 800 900 1000

v o

HNWU

FREQUENCY {KHz)

FremineBuvmiueinmiléiainaeas Bandpass Filter BW 100 KHz 9IN2949 2 stage



v o P
4.6 299585 9F YW ULARE ( Sawtooth Generator )
d s . o o &0 d X
danimsmasasiaanisiansasmugli 3.6.1 azladtygruiuaesseldaauraianu
i ar d.a < fd' U d’ a -« ¥ s ¥
Anariu Aflaunadszunu 8 haviuduAatuauwsseasiaamairuAnisusafulildde
o "
AN 1 MHz AB
1) 50 mS dnaunaevinnld 7.9 v
2) 300 mS FAEUIARVINNIA 7.9 V
1S dnauaevinnld 8.125 v
45S  Fnrwiaevinnld 8125V
. d _diee , L o s iy L
ndyururwdasnliiudi summing amplifier TQuNLALUSTALLTIMLUD
Aryruintleuliunasaseeadaiamasaruanmtsusaireverse bias) Ml nsnLTugae
ﬂ':’wNﬁﬁﬁ@\‘:miﬁ@ﬁmq(frequency fine tune)
Angu7 4.6.1 uaAdTyRIUHWARY 1S TereALUNAUNATLANIIRTRRATAIAIARTAY

ANFEUIIRU(reverse bias) ATaeszALuseuszan 4 Taadf Da 0 Taavt

7117 4.6.1 uanedtyouIuiwAan 1 S 1a 8.125 Taad

ANGUN 4.6.2 uAAIFYQIINWADEY 50mS TITALUSIAUNATIANIIRTRRATALaINT
ALIANANEIUTIAU(reverse bias) ABTIMTTALUNAUNLsEINL -8 TaawT Tl 0 TaavT Wilinnaulaay

wlasAnud 0 - 1 MHz

60
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S 1u1n 7.9 1aa

An8 50 m

U UL

o -
N 4.6.2 LANIE

a

v T



4.7 99a5anALARS (Detector)

an 1 oﬂ“‘l 171 Gt audoun 1ol ( daedi 7 XA Arutun
snasastugild 37,1 detaudeyaynougulnd ( deadtyaynn 1) Wmeunn dyaal
¥ - .

1B YIWN( Fullwave WlFann Fullkwave rectifier ( @ngng’]mmﬁﬁww%%ull-wave rectifier AN AGID
1 L ' adc o « o -l « ad « =l a! '
sruinaiSamnad 200 Alalavy , Inan uasiames 1 Alaleviu) A=HANNITLABINNURY

Fouayrnudun uandldidaguit 4 7.1 (desdtyayioudi 2)

°

Peteteoneneneanefonnen [ B O

7~ -~ 7\ / \
f:— - 1 7\ { i, g '\
_*‘ =\ — ¢ +—v\—f—\——\‘—~—~—y’—-——‘
\ S \ \ \ - f -/ \ - < f

) -

! - —~

e e

+
|
|

'
'
f
'
f
'
i
'
'
'/
P
'
'
!
g
L
)
A

‘
A
\/ \
/ \
v v
&

|||||>||x|AT

gﬂﬁ 4.7 mes”:gnpmmﬁww ( Fullwave M 1#A1N29as Full-wave rectifier
Fruounoueviynf Az~ uas Low-pass Filter 2819418 NABAIN29AT Fullwave rectifier
dawReuliidudunaliid $2n 47.2 uan Fryoynnaainiildainasasluglit 3.7.1 (des
i §.. d = v A i FRPT O =
Fyryroudi 2) TadudtyoolW@s sannnstleudtygyiundnan 455 nladss ( deedtysy i 1)

WD UNNUDIAT



S
-

L e AR Y A

R R |

V p-p

(R B B I O Y Y

Yp-p(1)=2.790 V Y
r— Y0ltage Measurements =

Y avg Y ™ms

'
[y =i

eI lAaINaasgin 3.7.1andtyrynndunm

q

63



.8 HanIsvnaasdllansuaun lattas

. ol d " Hoa il i —
ANUARTNATNBBNULLEBINNLENaUsNY Tywniiatu A8 uiszasasltiuned
(matching)fiu AaliANATuNAzfasld9asenadtynyin, aasannaudtyyins, wastivmas

| o X
Wwaadniloyunil

v o

naa nMsaaasldanlaniuewnlame fMaisiudadyanusine Wnadegun 4.8.-

t fourg o-pll) not found
HOr 1 20N18] MOOE c——

De | gm0 1) Roll

=

o

~



PO PP P

LU PO TN SO SO IO O |

2) not found
im Invert

o

U7 4.83 uansneindryruncudmdns(square wave) 100 KHz 211@ 700 mV
sziindryynuanfinilai() 300 KHz, anfludiaf(s) 500 KHz,

afluTAN(7) 700 KHz, 15 luiiAN(9) 900 KHz

717 484 uanaMeTndtyyIudmALN(square wave) 200 KHz 7UIA 700 mV

azindtyy uaniiuilafi3) 600 KHz, 85TuliAN(6) 1MHz

65



UM 4.8.5 uamansin Ty raulmiiaaudisinerfusaus 100 KHz - 1 MHz 2199 600 my

6t



) <
Unn b
L-%
NETLLLAZLINA
mamaaasluaRilliimsAnmdanulssnaudieprasaianiieutaief alsenavlldan
2933118 Ur 2939N389TAMNAMT, WATRRATAAIABTATLIANAIBUNAL, NATASANDRDRATALS
- < H J a&r d
wnaf, aasiniges, 29asnsesdainnad, aesaiedyuiuiudes smshmamas 1a
Tugdureanvaseasdaiamaimuannussiu wninilildweesrnuifesadaanbingg
’ -l = d ' daly s P 1] o A ae v
namAsilanuaatardaullandaeanadfisisnishesiaus 107 wnsdfane 11.7 wnzdfaiwly
Uneass faspestFulfiinsaeadaanlugdas 107 wnsd@iate 11.7 wnudds
) 1} J kA 13 s |} -«
Tudauresnsasnsasdaananud lunimasesiilfiuduuniiingessaseandu 2 de9 Aawuud
An 10 Ala@fruaziuudn 100 AlaEf WeldeasTefuuudin 100 Alad@fs nsuanauaiayinmg

sUduuildasfiacnuiauing

a [ ] = o=l . d‘ a = g d'
RAMTUATUNATAVAINBIINBNINAGT rectify d’n;q.pmmwn 455 DiaEss d’tynpm Full-wave M

1aSacuinesluting urdemaldaruld

[
= v

d' ] ' ' [ 7N % ar - P 173 d' o v <l ar [} e‘
Jlavnnnsrasssanepdndaniu wiynaldamnsaiazinl@ndiasaiutsanudiinenis
. r . x v a A " 4 X 4 g
winuyu luSasasrunredtygruiuanild namae NdtyiuBuwnANNDgaI ( iaean
Uszunns 700 AlaEfaaulyl ) mnnresdyyrniiuanadd azanas ToaunauIaIng2aN1sineny
189999509 THElANATR 1 2easnsasinsAdaTiqaAneadh 1 wnziEf uenanniiddu
dld' a I'e 1 4 “ a ﬂ. o L ] 1 74 d;
ALANaseeadalameircuANfeausTundnaaninAaaieuhiinlinsuananalaigndas wiae
anaanuaieandnme i duRaulllild 455 Ala@Efminlignasasnsesdasraininidneanty
2 v - o e v - o da o o
edaaiinstfudhuannudldinn uazainaluiwiusuniflunisuaniua NAnundunnge ( 1nad
o - é’ 1 1] 1} AV 1 1] J
dszunns 700 Aladfarull ) wodrdaainressinadnladaldnedn
awanfusunlareesnuuulfeuldaludruacud 50 Aladfata 1 wnudfe awnnaes
Feurgrauliidfiu 1 haviRayiia arunsalfuAnsaamewrasdyrunieudianlaniieunlaradag
2100 10, 20, 30, 40 dB Tnemeasannaunawdirawaniuaunlames Wannsdndygruiisuiasn
s sl =l L2 % & o o o oo 2 o ‘' -
N1 1 avayAald uddednrunatesdyguaianmesadygnuninlifiuaAdunguignan

-

nouatriaudtanlaniuaulames, aqunsadfuatannda lunisaunudyenalae ldaeasdtyunns

o ad a o a P o - , aa v a s
AuULRas LW'ﬂWQ'\?mqﬂany'\mﬂﬂQ'\Nﬂﬂ'N'] llﬂzEN'&']N'\Tﬂlﬂ’t)ﬂ'ﬁQ\iﬂQ'\NﬂVlﬂ'ﬂ\inq?W"Q'\?mq‘lﬂ

(frequency fine tune) Taeildneasuaninas

67



o
BRUIVININ “
anuanimasesilaniie laefeanuuuadsiulludiuresasnsastainnntin
WillqndAneangandt 1 winz@fndnies Waufilywinmsanmuiamesdynyiuidnlfludiimnuiiigs
n4d1 700 Niadse
[ a vl al a A’ .o -l 2 1
Aaslinlpanaseasdaiamafvtaiosn iy Lidauanudliig

173 ] e;d « 1% 4‘ o d‘ oy é’
AT I uNATRTinT s mul.w'a'amﬂn;mmycy'\ma‘umuwmmu

68



ATANUIN



o r——

S
National

Semiconductor

LF351 Wide Bandwidth JFET
[nput Operational Amplifier

General Description

The LF351is a low cost high speed JFET input opera-
tional amplifier with an internally trimmed input offset
voltage (BI-FET ™ technology). The device requires a
low supply current and yet maintains a large gain band-
width product and a fast siew rate. In addition, well
matched high voltage JFET input devices provide very
jow input bias and offset currents. The LF351 is pin
compatible with the standard LM741 and uses the same
offset voltage adjustment circuitry. This feature allows
designers to immediately upgrade the overall perfor-
mance of existing LM741 designs.

The LF351 may be used in applications such as high
speed integrators, fast D/A converters, sample-and-hoid
circuits and many other circuits requiring low input
offset voltage, low Input bias current, high input imped-
ance, high slew rate and wide bandwidth. The device
has low noise and offset voltage drift, but for applica-

Opera’tioﬁ'al Amplifiers/ Buffers

BI-FET 7™ Technology

tions where these requirements are critical, the LF355is
recémmended. I maximum supply current is important,
however, the LF351 is the better choice.

Typical Connection

Connection Diagrams (Top Views)

Metal Can Package

NONANVERTING
iNPUT

v-
Note. Pin 4 connecied 10 case.

Order Number LF351H
See NS Package HO8C

INTERNALLY
TRIMMED

Features

¥ Internally trimmed offset voitage 10mVv
® Lowinput bias current S0pA
B Low input noise voltage 16nVIVHz
® Low input noise current 0.01pANVH2
B Wide gain bandwidth 4 MHz
& High slew rate. 13 Vius
B Low supply current 1.8mA
® High input impedance 10129
®» Lowtotal harmonic distortion Ay =10,  <0.02%

R =10k, Vp =20 Vp-p, BW = 20 Hz-20kHz
# Low 1/f noise corner S50 Hz
® Fast settling time to 0.01% 2us
Simplified Schematic
Vee O - »
Vo

INTERNALLY
TRIMMED

-Vee O

Dual-in-Line Package

UL

pone R

1
BALANCE ==y

NPyt -4 L. v*
Pyt — — OUTPUT

s -
[ BALANCE

TOr VIEW

Order Number LF351N
See NS Package NOBA
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LF351

Absolute Maximum Ratings

Supply Voltage +18V
Power Dissipation (Note 1) 500mwW
Operating Temperature Range 0°Cto +70°C
TiMAX) 115°C
Ditferential Input Voltage +30V
Input Voitage Range (Note 2) : =15V
- Qutput Short Circuit Ouration Continuous
Storage Temperature Range -65°Cto +150°C -
Lead Temperature (Soldering, 10 seconds) 300°C - .

DC Electrical Characteristics (Note 3)

-

LF3s1 R
ARA ER
sYMeou [ MET! CONDITIONS MIN TP MAX UNITS
Vos Input Offset Voitage Rg=10kQ, TA=25°C 5 10 mv
Over Temperature 13 mv
AVQs/AT Average TC of Input Offset Rg=10kQ 10 uviec
Voitage ’ )
los Input Offset Current Tj =25°C, (Notes 3, 4) 25 100 pA "
Tj<70°C 4 nA -
Ig Input Bias Current Tj=25"C, (Notes 3, 4) 50 200 pA 1
Tl £70°C 8 nA
RIN Input Resistance Tj=25'C 1012 o
AvoL Large Signal Voltage Gain Vg= =15V, Tp=25°C 25 100 Vvimv
Vo= =10V, RL=2kQ
) Over Temperature ’ 15 vimV
Vo Output Voltage Swing Vg= =15V, R =10kQ | =12 | =135 v
VoM Input Common-Mode Voltage Vg= =15V 11 +15 v !
Range -12 v ;
CMRR Common-Mode Rejection Ratio Rg < 10kQ 70 100 . ds :
PSRR Supply Voitage Rejection Ratio (Note 5) 70 100 a8
Is Supply Current . 1.8 4 mA
AC Electrical Characteristics (Note 3) !
METER LF3st ITS '
SYMBOL PARA CONOITIONS ] MIN TYP MAX UN :
SR Siew Rate Vg= =18V, Tp =25°C 13 4 Vius
Gaw Gain Bandwidth Product Vg= =15V, T4 =25°C 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg = 100Q, 16 5 nVI‘-'T‘?
f=1000Hz
in _ Equivalent Input Noise Current Ti=25'C, f=1CCOHz 0.01 pA/‘-’F‘

Note t: For operating at etevated temperature, the device must be ceratec Sased on a thermai resistance of 150 *C/Wjunction to b
or 45 °*C/W junction to case.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voliage:
Note 3: These spacifications apply for Vg= =15V and 0°C < Ty < +70°C. Vg, Ig and lgg are measured at Vem=0. e
Note 4: The input bias currents are junction leakage currents which appreximately double for every 10°C increasein the [um::icﬂ_'-:r
perature. Tj. Oue to the limited production test time, the input bias currents measured are correlated lo junction temperature. lno&t
coeration the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pp. Tj =Ta*e
where 8j4 is the thermal resistance from junction to ambient. Use of a heat sink is recommended it Input bias current is to be kest
minimum.

Note 5.: Supply voltage rejection ratio is measured for both supply magritudas increasing or decreasing simultaneously in accoret™

with cammon practice.
/
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LF351

Typical Performance Characteristics (Continued)

Distortion vs Fraquency
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pulse Response

Smail Signal Inverting

OQUTPUT VOLTAGE SWING (S0 mV/DIV)

TIME (0.2 ps/DIV) .

Large Signal Inverting

R IS i gk

OUTPUT VOLTAGE SWING (5V/DIV)

DUTPUT VOLTAGE SWING (1V/DtV)

Small Signal Non-Inverting

DUTPUT VOLTAGE SWING (50 mV/DIV)

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (5 us/DIV)

Application-Hints

The LF351 is an op amp with an internally trimmed
input offset voltage and JFETinput devices (BI-FET 1ITM),
These JFETs have large reverse breakdown voltages from
gate to source and drain eliminating the need for clamps
across the inputs. Therefore, large ditferential input
voltages can easily be accommodated without a large
increase in input current. The maximum differential
input voltage is independent of the supply voltages.
However, neither of the input voltages should be

allowed to exceed the negative supply as this will cause
large currents to flow which can result in a destroyed
unit. °

Exceeding the negative common-mode limit on either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. Exceeding the negative common-mode
limit on both inputs will force the amplifier cutput to a

3-39
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LF351

Application Hints (continued)

high state. In neither case does a latch occur since
raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a
normal operating mode.

Exceeding the positive comman-mode limit on a single
input will nat change the phase of the output; however,
if both inputs exceed the limit, the output of the ampli-
fier will be forced to a high state.

The amplifier will operate with"a common-mode input
voltage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When the negative common-mocde voltage swings
to within 3V of the negative supply, an increase in input
offset voitage may occur.

The LF351 is biased by a zener reference which allows
narmal circuit operation on £4V power supplies. Supply
voltages less than these may result in fower gain band-
width and slew rate.

The LF351 will drive a 2 k2 load resistance to £10V
over the full temperature range of 0°C to +70°C. If the
amplifier is forced to drive heavier load currents, how-
ever, an increase in input offset voitage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings.

Precautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed

Detailed Schematic

backwards in a socket as an unlimited current surge
through the resuiting forward diode within the {C could
cause fusing of the internal conductors and result in 3
destroyed unit.

Because these amplifiers are JFET rather than MOSFET *
input op amps they do not require special handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the
output to an'input should be placed with the body closa
to the input to minimize “pick-up” and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device {usually the
inverting input) to AC ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 d8 frequency of the
closed loop gain and consequendy there is negligible
effect on stability margin. However, if the feedback
pole is less than approximately 6 times the expected
3 dB frequency a lead capacitor should be placed from
"the output to the input of the op amp. The value of the
added capacitor should be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback poie
time constant.

Vee O 4

4 a8
[0}
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< 2
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A6
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Typical ApPicE] "
1
b
Supply Current Indicator/Limiter Hi-Zy g Inverting Amplifier
€2
R¢ l L
° o TOSYSTEMSUPPLY —]
vsuppLY O——4—" VWA ” VOLTAGE CONNECTION |
% R2

1Ng14 ¢ Vour

TO CONTROL CIRCUITRY

v-

e VouT switches high when Rglg > Vp

Parasitic input capacitance C1 & /2 ¢F for LF251
plus any additional lsyout capaitz-esl inte-acts
with feedback elements an2 creaisz underirasie
high frequency pole. To comoentase, azz C2 such
that: R2C2 a R1CY.

ultrs-Low (or High) Duty Cycle Pulse Generator Long Time Integrator

e Al v

RESET
ooumer INTEGRATE .y 1puaam
o N
v
Vin O—AAA—4
| ™ ™
% ™
v
-~
4.8 - 2Vg _
* 1QUTPUT HIGH * R1CEn °
48 - Vs
2vg - 7.8 * | ow leakape capacitor
* touTPUT LOW ™~ R2CTn s o 50k pot used for less sensitive Vs ac, .1 )
g = /.

where Vg = V¥ + VT
*low leakage capacitor
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National
Semiconductor

LF353 Wide Bandwidth Dual

JFET Input Operational Amplifier SreT i Temmaiony

General Description

These devices are low cost, high speed, dual JFET input-
operational amplifiers with an internally trimmad input
offset voltage (BI-FET i technology). They require low
supply current yet maintain a large gain bandwidth
product and fast slew rate. In addition, well matched
high voitage JFET input devices provide very low input
bias and offset currents. The LF353 is pin compatible
with the standard LM1558 allowing designers to
immediately upgrade the overall performanca of existing
LM 1558 and LM358 designs.

These amplifiers may be used in applications such as
high speed integrators, fast D/A converters, sample and
hold circuits and many other circuits requiring low input
offset voltage, low input tias current, high input imped-
ance, high slew rate and wide bandwidth. The devices
also exhibit low noise and offset voltage drift.

Operational Amplifiers/Buffers

Features

8 Internally trimmed offset voltage 10mv
8 Low input bias current 50pA
® Low input noise voitage 160V Hz
m Low input noise current 0.01pANHZ
8 Wide gain bandwidth 4 MHz
8 High slew rate 13 Vius
B Low supply current 3.6mA
® Highinput impedance 10120
u Low total harmonic distortion Ay =10, <0.02%

Ry =10k, Vg =20Vp — p, BW = 20Hz-20kHz
Low 1/f noise corner S0Hz
® Fast settling time to 0.01% 2us

Typical Connection

Simplified Schematic

1/2 Dual
Vee © -4

INTEANALLY
INTEANALLY faingo
TRIMMED

“Yeg O

Connection Diagrams

LF353H Metal Can Package (Top View)
v

INVERTING
Tt

HONINVERTING
INPuT S

NON-INVERTING
INPUT A

Order Number LF353H
See NS Package H08C

LF353N Dual-In-Line Package (Top View)

autsura W LI
2 ]
INVEATING INPUT A — = qutrurs
somaavearms 3} |TiTH [T e f—
INPUT A v
_ ¢ 3 __ vominvERTIAG
v insutr 3
QOrder Number LF353N

See NS Package NOSBA
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Absolute Maximum Ratings

. poly Voitage +18V  Input Voitage Range (Note 2) +15V
s Dissipation (Note 1) 500mW  Output Short Circuit Duration Continuous
:«e:a'.ing Temperature Range 0°Cto +70°C  Storage Temperature Range -65°Cto +150°C
"’MAX) 115°C  Lead Temperature (Soldering, 10 seconds) 300°C
-+ erential Input Voitage =30V

oC Electrical Characteristics (vote 4)

LF353
PARAMETER
SYMBOL R CONDITIONS iIN gy MAX UNITS
vos Input Offset Voltage Rg=10kQ, T4 =25°C 5 10 mv
Over Temperature 13 mvV
rpsieT Average TC of input Offset Rg = 10kQ 10 uvi*C
Voltage -
! ing Input Oftset Current T] =25°C, (Notes 4, 5) v 25 100 pA
: Tj€ 70°C 4 nA
I8 input Bias Current Tj =25*C, (Notes 4, 5) 50 200 pA
Tj< 70°C 8 nA
Mg Input Resistance Tj=25°C 1012 Q
AyoL Large Signal Voitage Gain Vg= =15V, T =25°C 25 100 VimV
Vo: =10V, RL=2RQ
Over Temperature 15 vimV
50 Output Voltage Swing Vg = =15V, R = 10kQ =12 135 v
Yo Input Common-Mode Voitage Ve = =1 - +15 v
Range s= =18V =n -12 v
LMAR Common-Mode Rejection Ratio Rg € 10kQ 70 100 - dB
PSRR Supply Voltage Rejection Ratio {Note 6) 70 100 daB
LS Supply Current ' 3.6 6.5 mA
AC Electrical Characteristics (Note 4)
.
SYMBOL PA'RAMETER [ TIONS LFa% u
g ONDITION NITS
L MIN TYP MAX
Amptifier 10 Amplitier Coupling | Tao=25°C, f=1Hz~ -120 dB
20kHz (Input Referred)
SR Slew Rate Vg= =15V, Ta=25°C 13 Vius
Gaw Gain Bandwidth Product Vg= =15V, TA=25°C 4 MHz
ty Equivaient input Noise Voltage TaA=25°C, Rg=100Q, 16 ) nVIVHz
f=1000Hz
1, . . . -
L"\ Equivalent Input Noise Current T} =25°C, { = 1000 Hz 0.01 gAN Hz

M:* For operating at elevated temperature, the device must be derated based on a thermal resistance of 160°C/W juncion to ambient
h-,;k Dickage, and 150" CIV junction 1o ambient for the H package.

. Unless otherwise specitied the absolute maximum negative input voltage is equal 1o the negative power supply yoltage.
N The power dissipation limit, however, cannot be exceeded.
ey, mese spec{licalions apply for Vg = = 15V and 0°C € Ty < +70°C. Vos. Ig and log are measured at Yom ;0. . A
- .. '"€:input bias currents are junction teakage currents which approximately double for every 10°C increase in the junction tem-
» : T.. Due 10 the timited production test time, the input bias currents measured are cowelated to junction tempesature. In normat
- 21 the junction femperature nses above the ambient temperature as a result of internal power dissipation, Pp. Tj=Ta + ©ja Pp
. _;A IS the thermal resistance f7om junction to ambient. Use of a heat sink is recommended it input bias current is to be kept to a
L ST . -
;.f:;msusnly voltage rejection ratio is measured o1 both supply magnitudes increasing or decreasing simuitaneousfy in accordance

Mon practice.
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LF353

Typical Performance Characteristics

POSITIVE COMMON-MGOE INPUT

HEGATIVE DUTPUT VOLTAGE SWING (V)

IRPUT BIAS CURRENT {pA)

VOLTAGE LIMIT (V)

URITY GAIN BANDWIDTH (MH2)
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Input Bias Current

T T
-vge -tV + - t+— .._J
| rar28C..}-
P
-
4 3 L
i
Vo
i1
Py
-1 -5 0 5 18
COMMON-WEDE VOLTAGE (V)

20

-5

-0

45

15

Pasitive Common-Mode Input

Voltage Limit

TRAST :
T 1/l
i |1
74
4 L
/)
P
P
1 § 19 15 il

POSITIVE SUPPLY VOLTAGE (V)

Negative Current Limit

-y
v/

="
“

-

0 10 0 i 40
GUTAUT SiWK CURRENT (ma)

Gain Bandwidth

1 1B
vg=-15v
] Ape
T Cy » 160 pF
N S
N K
R
i T <

¢ 10 23 33 W S &§ 70

TEMPERATURE( O

HEGATIVE COMMOR MODE INPUT

SNPUT WIAS CURRENT (pA)

QUTPUT VOLTAGE SWING tVpp) VOLTAGE Limi¥ (v}

GAIN {d6)

11

00

kL

10

n

i

0 19 0 30 8

Input Bias Current

= T =
Evew:s b
[ovge WV SR S g
C Y ke ! ]
i ——
b
;
e A

9 s N
TEMPERATURE{ O

Negative Commaon-Mode input

Voltage Limit

—
0cyTa:-10¢c)

i
s

1$ H
NEGATIVE SUPPLY VOLTAGE (VI

Voltage Swing

__RL'IIl | '
Tacss€T 1

i }

]

|
I
1/
[
I 7,

+
Lol !

[ § 10 15 u
SUPPLY VOLTAGE {-¥)

8ode Plot

IR
Polyea 1SV )
(RESATERL

FREQUENCY tMH)

15334930) ISVYHE

SUPPLY CURRENT (mA)
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Typical Performance Characteristics (continuea)

Distortion vs Frequency

Undistorted Output Voltage
Swing

Open Loop Frequency Response

% 120 T
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LF353

Pulse Response

Small Signal lnverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV}

QUTPUT VOLTAGE SWING {SV/DIV)

TIME (2 us/01V)

OUTPUT VOLTAGE SWING (1V/DIV)

i

Application Hints

These davices ar2 op amps with an internally trimmed
input offsat'voltage and JFET input devices (BI-FET !1}.
These JFETSs have large reverse breakdown voitages from
gate to source and drain eliminaung the need for clamps
across the inputs. Therefore, large differsntial input
voltages can essily be accommodated without a large
increase in input current. The maximum diffarential
input voltage is independent of the supply voltages.
However, neither of the input voltsges should be

TIME (5 us/DIV)

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING {50 mV/D}V)

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 »5/01V)

allowed to exceed tha neqative supply as this will cause
large currents (0 flow which can result in a destroyed
unit.

Excaeding the negative common-mode limit an either
input will cause a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. Exceeding the negative common-moce
limit on both inputs will force the amplifier outputto 3

[
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Application Hints (continuea)

rogh state. In nexther case does a latch occur since
\,ang the input back within the common-mode range
szam PULS the input stage and thus the amplifier in a
wormal operating mode.

faceeding the positive common-mode limit on a single
nput wilt not change the phase of the output; however,
.t both inputs exceed the limit, the output of the ampli-
1.1 will be forced to a high state.

1ne amplifiers will operate with a common-mode input
(oitage equal to the positive supply; however, the gain
nandwidth and slew rate may be decreased in this condi-
on, When the negative common-mode voltage swings
<0 within 3V of the negative supply, an increase in input
otfset voltage may occur, - -

£ach amplifier is individually biased by a zener reference
which allows normal circuit operation on *4V power
supplies. Supply voltages less than these may result in
lower gsin bandwidth and slew rate.

The smplifiers will drive a 2 k§2 load resistance to 10V
over the full temperature range of 0°C to +70°C. If the
amptifier is forced to drive heavier load currents, how-
ever, an increase in input offset voltage may occur on
the negative voitage swing and finally reach an active
current limit on both positive and negative swings.

Brecautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed
n polarity or that the unit is not inadvertently installed

Detailed Schematic

backwards in 3 socket as an unlimited current surge
through the resulting forward diode within the IC could
cause fusing of the internal conductors and result in a
destroyed unit

Because these amplifiers are JFET rather than MOSFET
input op amps they do not require specist handling.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order 1o ensure stability. For example, resistors from the
output to an input shouid be placed with the body close
to the input 10 minimize “pick-up’* and maximize the
frequency of the feedback pole by minimizing the
capacitance. from the input to ground.

A feedback pole is created when the feedback around
any amplifier is resistive. The parallel resistance and
capacitance from the input of the device {usually the
inverting input} to AC ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is negligible
effect on stability margin. However, if the feedback
pole is less than approximately-6 times the expected
3 dB frequency a lead capacitor shouid be placed from
the output to the input of the op amp. The value of the
added capacitor should be such that the RC time con-
stant of this capacitor and the resistance it parailels
is greater than or equal 1o the original feedback pole
time constant
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LF353

Typical Applications

Three-Band Active Tone Control
BOOST - CUT

MID-RANGE

I | fivorear ]
COTED | AN

o N 77 N
y Bl N G
T, LUEANEA TN T
R Y Vo N T
° lIH:/\:Iit..- WARHATS
o DA NN T
a0 LAOLEY THNIA N 17
TR 8T s
10 100 1 10k 00k

FREQUENCY {He)

Note 1: All controls flat.

Note 2: 8ass and treble boost, mid fat.
Naote 3: Bass and trebie cut, med flat,
Nate 43 Mid boost, bass and treble flat,
Note §5: Mid cur, bass and treble flar.

o All potentiometers are lingar taper

e Use the LF347 Quad for stereo apofications




Typical Applications (continuea
Improved CMRR [nstrumentation Ar;xplifiev

SEPARATE

2R2
Ay = ( + ‘) R_S
R1 R4
777 and -é- are separate isolsted grounds

Matching of R2's, R4's and RS's control CMRR
With AVT = 1400, resistor matching = 0,01%: CMRR » 136 dB

* Very high input impedance
® Super high CMRR

Fourth Order Low Pass Butterworth Filter

¢
001
]1
H

15V

Ar
o

AAA
VA~

Corner frequency {fc) =/ __..1 - . - -1_
R1R2CC1 27 R1°R2'CC1 2r

Passband gain {Hg) = (1 + R4/R3) {1 + A4"/R3")

First stage Q = 1.1

Second stage Q = 0,541

Circuit shown uses nearest 5% tolerance resistor values for a filtes with a corner trequency of 100 Hz and a passband péin ot 100
Oftset nuiling necessary for sccusate DC performance

348

r
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LF353

Typical Applications (continueq)
Fourth Ordar High Pass Butterworth Filter

H

101 s.001

1 1 1 1
& Corner frequency (fo) = . — . —
¢ J AR ArRzCI 7

Passband gain {Ho) = (1 + R4/R3IN{1 + R4’/RI")

First stage Q = 1,31

Second stage Q = 0.541

Circuit shown uses closest 5% tolerance resistor values for a filter with a corner fraquency of 1 kHz and a passband gain of 10

Ohms to Volts Converter

Yayr+ V¥
FULL SCALE

2
W

0~ AAA =& AAA —~@—AAA
VW

VWV

e L1 4

"

L)

AAA

VWA~
2 “-A
e
VOM

»
>
g1n

Lo--w

v
Vg * o——— xR
RLADOER
Where R|_sppgR s the resistance from switch St pole to pin 7 of the LF353.
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‘ MOTOROLA

NV104
V104G

VVC —pl— . l

: - -SILICON EPICAP DIODES™ "~ —

... designec for FM tuning, general frequency control and tuning, or
any top-of-the-line application requiring back-to-back diode configu-
rations for minimum signal distortion and detuning. This device is
supplied in the popular TO-92 plastic package for high volume,

DUAL
VOLTAGE-VARIABLE
CAPACITANCE DIODES

economical .requirements of consumer and industrial.applications.

< High Figure of Merit — . IR S
Q=140 (Typ} @ VR =3.0 Vdc, #= 100 MHz - _
®  Guaranteed Capacitance Range "_
— 34.38 pF @ VR = 3.0 Vdc (MV104G) e
-~ 37.42 pF @ VR = 3.0 Vdc (MV104) '
® Dual Diodes — Save Space and Reduce Cost
.® T0-82 Package for Easy Handling and Mounting
® Guaranteed Matching® Tolerance From Diode to Diode and
=< Group to Group T
® Monofithic Chip Provides Near Perfect Matching — Guaranteed
-+ 1% {Max) Over Speci‘(ied Tuning Range. 5

1

*Upon request, diodas are lable in hed sats or in groups,
Afl diodes 1n a sat or group can be matched fo- capacitance 10 21,5% or
0.1 pF (whichever is greater ) over the specified tuning range. =

MAXIMUM RATINGS (Each” Device) .
Rating R L. Symbel Value Unit
Reverse Voitage va 32 Volts
Forwarg Current 13 200 mA
Totat Power Dissipation @Ta~ Pp 280 mw
25 C Derate above 25 C 28 mw/°C
Junction Temperature Ty 4125 °c
Storage Temperature Range Targ -65 to +150 T o¢
FIGURE 1 — D:ODE CAPACITANCE (Each Device)
100 -
o
3 I
3 TS

= i

g " V106

5 RS

. NN mvioe

g \\:"\

= N

:. 20 &\\

~N
10
[ 10 20 3o 80 1 0
VR, REVERSE VOLTAGE (VOLTS)

| A
[
A M
SEATING 4 T
PLANE T
F= .
1 x
o
D L
- =G ]
— ] —
STYLE 1S SO AA
M1 ANDDE n c
7 CAIHOOE .
3 ANODE? — 1t
|
—!.h—
MILLIMETERS]  incHES
DiM! Ml | MAX | Win | MAX
Al am 1 19
EEETEE iz
1] 16
D % 822
4| 016 00)S
40} 0oap 1 0088 §
< 41 - 10309
[y 6110095 0108
i) - -
- 8 -
N FEH) [
- jpus] -
R 1) - Towst -
FEETRITITRET
AN JEDEC dorenmons ant notes soply.
- CASE 2902
ToR

MOTOROLA RF DEVICE DATA
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MV104, MV104G

- - -
Lrdtd R T L I N s
- ek e b e av o -

ELECTRICAL CHARACTERISTICS (Ta  259C uniess otherwise noted, Each Device)

Charactenstic-All Types Svmbol Mina 'Typ Max Uit

Reverse Breakdown Volitage 8vp 3 - - Vde
i1q = 10 uAdct

Reversa Voltage Leakage Current T4 = 259C R - - 50 nAde
(Vg = 30 Vde) Ta = 60°C - - 500

Ser+es Inductance Ls . 6.0. - oM
{f 2 250 MHe¢,Lead Length <= 17167} _ ~

Case Capacitance . Cec 0.18 - oF
{1 s 1 0O MH:, Lead Length = 1/16”)

Siode Cavacitance Temperature Coefficient TCc - 280 400 pom,OC |
tvg = 40 Vdc.  + 1.0 MHL) - -

C. Diode Capacitanca *Q, Figure of Marit CR. Capacitance Ratio :
VR =3.0Vde, t=1.0MHz VR = 3.0Vde . CyCx
pF f= 100 MHe f= 1.0 MH2 I
- .. Duevice Min Max Min Typ Min Max i
Mvi04 7 42 160 140 25 2.8
MV 104G 34 39 100 140 25 28 -

1
Q- icrAs

FIGURE 2 - FIGURE OF MERIT versus VOLTAGE

TYPICAL CHARACTERISTICS (Each Device) N

FIGURE 3 - FIGURE OF MERIT versus FREQUENCY

] 2900
L~ 1000
50 v
= = 500
z =
X 10 // %
£ - 2@ Ta <159
> P Ta« 25°C = A NN
2= - 12100 M 3 00 VA 30vde N
o ] = =
/, (=]
150 50 Ay
e 'Y :
sol_ 0 N
10 ) e J8 1g 00 108

¢ 3¢ 60 90 R 15 13 1 u 2 b
VR, AEVEASE VOLTAGE {VOLTS}

FIGURE 4 — DIQDE CAPACITANCE versus TEMPERATURE

1049
S vasay [ -
= <
- o £
3 1oz f =
z v 2
Z100 e T S
g [ T 3
< 1500 v a4
— ”‘ o«
= g

£ g3s0F—] i H
< =
S Pt NOAMAUIZEO 1o CF £
2930 T =259C

5 |

RLERE

i
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.8

15 -0 -5 L] 25 s 15 1co 125
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R f,FREQUENCY (MHz)

FIGURE 5 - REVERSE CURRENT versus REVERSE VOLTAGE
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MOTOROLA RF DEVICE DATA
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J308 thru.J310%*

CASE 23-04, STYLE S
TO-92 (TO-226AA)

: NN
- / 1 Dram
3
(173
MAXIMUM RATINGS 12
3 2 Source

Rating } Symbol Value Unit
Drain-Source Vohtage | Vps . 25 Vde
Gate-Sourte Veltage | vgs 25 Vde JFET
Forward Gate Current I Ige 10 mAde VHF/UHF AMPLIFIERS
Total Device Dissipation @ T4 = 25°C | Pp 350 mw NCHANNEL — DEPLETION

Oerate above 25°C 28 mw.~C

Junciion Temperature Range | Ty -65to ~125 ‘c *These are Motavola
Storage Temperature Range I Tag -65t0 - 150 < designsted preferred devices.

ELECTRICAL CHARACTERISTICS (T4 = 25°C usless otherwise noted.)

[ . Charscreristic —, Symbol |  Min T Typ T Max [ Unit ]
OFF CHARACTERISTICS
Gate-Source Sreatdowen Vohage V(BRIGSS l ~25 - - vde
fig = ~1.0 A Vpg = 0) -
Gate Reverse Current IGss
(Vgg = =15V, Vpg = 0, Ta = 25°C) - —_ -1.0 nA
Vgs = —15V.Vpsg = 0,Ta = =125 - - -10 uA
Gate Source CutoH Vohage VGsiom . Vde
Vg = 10V, Ip = 1.0 nA) J308 -10 - -65
Jaos -1.0 — -4.0
Ja10 -2.0 -_— -8.5
ON CHARACTERISTICS
Zero-Gete-Vohage Drain Current(1) . ioss mA
(Vps = 10V, Vgs = 0) J3cs 12 -— 80
- J309 12 -— 20
J310 24 — 60
Gate-Source Forward Voftage vGsin - - 1.0 vdc

Vos » 0.1g = 1.0 mA)
SMALL-SIGNAL CHARACTERISTICS

Common-Source inpat Conductance Rely;g) mmhos
Vps = 10V.Ip = 10 mA.t = 10C MH2) J308 - 07 | -
i 4309 - 07 -
J310 _— 0.5
Common-Source Ohrout Conductiance Retyos) — 0.2% -— mmhos
Vps = 10V, Ip = 10 mA { = 100 MH2) .
Common.Gate Power Gain Gog - s | = a8
Vps = 10V, Ip = 10 mA_ [ = 100 MKz} I
Cammon-Scurce Forward Transconduciance Relysg) - 12 - mmhos
Vpg = 10V, Ip = 10 mA { = 100 MHz)
Carmmon-Gate Input Conducuance Retvig) - 12 - mmhos
Vps = 10V.Ip = 10 mA { = 100 MHz)
Cormmon-Source Forward Transconduciance Hs smbhos
fvps = W0V.ip = 10OMA { = 1.0 kH2} J308 8000 - 20000
J309 10000 - 20000
310 8000 - 18000
Common-Source Output Concuctance Sos umhos
NDS-WV,IQ-WMl-\DkHZ) - -_— 250
{

MOTOROLA SMALL-SIGNAL TRANSISTORS. FETs AND DIODES
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J308 thru J310

ELECTRICAL CHARACTERISTICS fcontinued) (Ty » 25°C unlfess otherwise "oted.)

Charsctaristic Symbot Min Typ Max Unit
Common-Gate Forware Transconduciance ofg umhos
(Vps = 10V, Ip = 10 mA, { = 1.0 Wiz J308 - 13000
J309 _— 13000 —
J310 —_— 12000
Common-Gate Output Conductance Sog pmhos
Vos = 10V, ip = 10 mA{ = 1.0 tH2) J308 - 185 -
4309 -— 100 _—
J310 -— 150 —
Gate-Drain Capecance Coa — 18 25 pF
(Vos = 0.Vgs = ~10V,f = 1.0 MM2)
Gate-Source Capaciance Cos - 43 5.0 pF
[Vps = 0.VGs = =10 V,{ = 1.0 MKz}
FUNCTIONAL CHARACTERISTICS
Noise Figure NF —_ 1.5 —_ d8
(Vos = 10V, !p = 10 mA, { = 450 Mhz)
Egquivetent ShonCircuit Input Noise Voitage n — 30 - AV~ Wz
{(Vps = 10V, Ip = 10 mA, f = 100 H2)

{1} Pulse Test: Pulse Wicth & 300 us, Duty Cycte € J.C%.

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
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J308 thru J310

FIGURE 1 = 450 MMz COMMON GATE AMPLIFIER TEST CIRCWUNT
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FIGURE 2 — DRAIN CURRENT and TRANSFER
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J308 thru J310

FIGURE 12 — 450 MHa IMD EVALUATION AMPLIFIER
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Amphifier power gain and IMD products are a function of the load impedance. For the amplifier design shown above with
C4 and C5 agjusted to reflect a load 1o the drain resuiting in a nominal power gain of 9 &3, the 3r¢ order intercept point™
(1P} value is 29 dBm. Adjusting C4, CB 1o provide larger 1030 values will resuit in higher gamn, smalier SandwiCth and lower
1P values, For example, 3 nominat ga:nof 13 dB can be achieved with an intercept pont of 19 aBm.

FIGURE 13 — TWO TONE JRO ORDER INTERCEPT POINT
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2N2218,A/2N2219,A
2N222 I’A/ZNZZZZ’A MAXIMUM RATINGS
2N5581/82 2N2218 | 2N2218A

2N2213 | 2N2219A

JAN, JTX, JTXV AVAILABLE 2N2221 | 2N2221A | 2N5581
Rating Symbol | 2N2222 | 2N2222A | 2N5582 | Unit .
2N2218.A Coll Emi Vol Vi 30 40 40 vd
2N2219 A ollector-Emitter Voltage CEQ c
CASE -78-02 Collector-Base Voltage Veso 60 75 75 Vde
TO-38 (TO-205AD) Emitter-Base Voltage VEBO 5.0 6.0 6.0 vde
2N2221A‘ Collector Current — Continuous ic 800 800 800 mAdc
cﬁzszznz’%s’\ 2N2218,A | 2N2221,A | 2N5581
2N2219,A | 2N2222 A | 2N5582
- TO-18 (TO-206AA) - Total Device Dissipati o
otal Device Dissipation
2N5581 @ Ta = 25%C 08 04 06 | wan
c :-&5232 Derste above 25°C 457 2.28 333 |mwre
Total Device Dissipation Pp
TO-46 (TO-206AB) @ Tg = 25°C 30 12 20 |wems| -
GENERAL PURPOSE TRANSISTOR - Derate aboveSZS C - — 171 = 6.85 —. 11.43 m\h(l:. C
“Operating and Storage Junction 3 Tsig -6510 + *
NPN SILICON Temperature Range

ELECTRICAL CHARACTERISTICS {Tp = 25°C unless otherwise noted.)

Characteristic ] Symbol f Min [ Max [ Unit j
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage . V(BRICEO Vde
(ic = 10 mAdc, Ig = 0} Non-A Suffix 30 -
A-Suffix, 2N5581, 2N5582 40 —_
Collector-Base Breakdown Vohage V{BRICBO Vde
{ic = 10 pAdc, [g = 0) Non-A Suffix : 60 -
A-Suffix, 2N5581, 2N5582 75 —
Emitter-Base Breakdown Voltage V(BRIEBO Vde
{Ig = 10 pAdc, Ig = 0) Non-A Suffix 5.0 - .
. A-Suffix, 2N5581, 2NS582 6.0 s B
Collector Cutoff Current ICEX - 10 nAdc
(Veg, = 60 Vdc, VEg(oth) = 3.0 Vde) A-Suffix, 2N5581, 2N5582
Collector Cutoff Current Ico pAdc
(Vcg = 50 Vde, Ig = 0) Non-A Suffix - 0.01
{(Veg = 60 Vde, Ig = 0) A-Suffix, 2N5581, 2N5582 - 0.01
{VCR = 50 Vde. Ig = 0, Ty = 150°C) Non-A Suffix - 10
{Veg = 60 Vde, Ig = 0, Ta = 150°C) A-Suffix, 2N5581, 2N5582 — 10
Emitter Cutoff Current IERO - 10 nAdc
(VEg = 3.0 Vdc,ic = 0) A-Suffix, 2NS581, 2N5582
Base Cutoff Current gy - 20 - nAdc
(Vcg = 60 Vdc, VEB(off) = 3.0 Vdel A-Sutfix
ON CHARACTERISTICS
DC Current Gain hFe —
{ic = 0.1 mAdc, Vcg = 10 Vdc) 2N2218.A, 2N2221,A, 2N5581(1) 20 -
2N2218,A, 2N2222,A, 2N5582(1) 35 -
{Ic = 1.0 mAde,VCcg = 10 Vdcl 2N2218,A, 2N2221,A, 2N5581 25 -
2N2218.A, 2N2222,A, 2N5582 S0 -
{ic = 10 mAdc, Vcg = 10 vdc) 2N2218,A, 2N2221.A, 2NS581(1) 35 -
' 2N2213.A, 2N2222.A, 2N5582(1) 75 -—
{Ic = 10 mAdc, Vcg = 10 Vde, T = - 55°C) 2N2218A, 2N2221A, 2N5581 - 15 -
2N2219A, 2N2222A, 2NS582 35 -
{lc = 150 mAdc, VCg = 10 Vdci(1) 2N2218,A, 2N2221.A, 2N5581 40 120
2N2219,A, 2N2222 A, 2NEEB2 100 300
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES —~™
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2N2218/19.21/22, A SERIES, 2N5581/82

ELECTRICAL CHARACTERISTICS (continuec) (TA = 25°C uniess otherwise noted.)

i = 15C mAdc, Ig = 15 mAdc)

Characteristic Symbol Min Max Unit
fic = 157 mAdc. Vg = 1.0 Vdelll) 2N2218.A, 2N2221,A, 2N5581 20 -
2N2218.4, 2N2222,A, 2NS582 S0 -
{ic = 500 mAdc, Vcg = 10 Vdelil) 2N2218, 2N2221 20 —
2N2219, 2N2222 30 -
2N2218A, ZN2221A, 2NS581 25 -
2N2219A, 2N2222A, 2N5582 40 -

Ccliector-Emitier Saturation Voltage(1) VeE(sat) Vde
ic = 150 mAde, lg = 15 mAdc) Non-A Suffix —_ 0.4

A-Suffix, 2N5581, 2NS582 — 03 .

ic = 500 mAdec, Ig = 50 mAdc) Non-A Suffix —_ 1.6
A-Suffix, 2N5581, 2N5582 — 1.0

Base-Emitter Saturation Vcitage(1) VBE(sat) Vvde
Non-A Suffix 0.6 13

High Frequency input Impedance
fic = 20 mAde. Ve = 20 vde, { = 300 MH2)

2N2218A, 2N2219A
2N2221A, 2N2222A

A-Suffix, 2N5581, 2N5582 0.6 12
{lc = 500 mAdc, Ig = 50 mAdcl Non-A Suffix - 26
A-Suffix, 2N5581, 2N5582 - 20
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Producti2} a4 MHz
ic = 20 mAdc, Vcg = 20 Vdc, f = 100 MHz) All Types, Except 250 -
2N2218A, 2N2222A, 2N5582 300 -
Output Capacitance(3) Cobo — 80 pF
(Veg = 10 Vde, Ig = 0.1 = 100 kMz)
input Capacitance(3) ) Cibo pF
(Vgg = 0.5 Vdc,Ic = 0, f = 100 kHz) Non-A Suffix - 30
A-Suffix, 2NS581, 2N5582 _ 25
Input impedance hie kohms
Ilg = 1.0 mAde, VCg = 10 Vde, § = 1.0 kHz) 2N221BA, 2N2221A 1.0 35
2N2219A, 2N2222A 2.0 80
{ic = 10 mAdc, Vg = 10 Vde, f=1.0kHz) 2N2218A, 2N2221A 0.2 1.0
2N2218A, 2N2222A 0.25 125
Voitage Feedback Ratio . hre X 10-4
{ig = 1.0 mAde, VCE = 10 Vde, { = 1.0 kHz2) 2N2218A, 2N2221A —_ 5.0
2N2219A, 2N2222A ~ 80
(ic = 10 mAdc. Vcg = 10 Vde, { = 1.0 kHz) 2N2218A, 2N2221A —_ 25
. 2N2219A, 2N2222A - 40
$mali-Signat Current Gain hie -
{lc = 1.0 mAdc, Vcg = 10 vde, f = 1.0 kHz) 2N2218A, 2N2221A 30 150
2N2219A, 2N2222A° 50 300
{ic = 10 mAdc, Vcg = 10 vde, { = 1.0 k#z} 2N2218A, 2N2221A 50 300
2N2219A, 2N2222A 75 375
Output Acmittance hoe umhos
ilc = 1.0 mAde, Vcg = 10 vde, f = 1.0 kHz) 2N2218A, 2N2221A 3.0 15
2N2219A, 2N2222A 5.0 35
{ic = 10 mAdc. VGg = 10 Vde, f = 1.0 kH2) 2N2218A, 2N2221A 10 100
2N2218A, 2N2222A 25 200
Collector Base Time Constant 'Ce - 150 ps
lig = 20 mAde. Vep = 20 Vde, t = 31 BMHz)  A-Suffix
Noise Figure NF - 4.0 dB8
{ic = 100 pAdc, Vcg = 10 Vde,
Rg = 1.0 kohm, f = 1.0 kiHz) 2N2219A, 2N2222A
Real Pant of Common-Emitter Refhiel - 60 Ohms

(1) Pulse Test: Pulse Width = 300 us. Duty Cycle € 2.0%.
(2} f7 is defined as the frequency at which he exirapolates to unity.
13) 2N5581 and 26582 are Listed Cep and Cop for these conditions and values.

SMALL-SIGNAL DEVICES
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2N2218,A/2N2219,A/2N2221,A2N2222 A/2N5581/82

ELECTRICAL CHARACTERISTICS (continuedt {Ta = 25°C unless otherwise noted.)

Characteristic Symbol ! Min ] Max ; Unit
SWITCHING CHARACTERISTICS
Delay Time (Vee = 30 Vdc, Vggigfr) = 0.5 Vde, ¢ | - 10 ns
Rise Time Ic = 150 mAdc, 1gq = 15 mAdc} . t — 25 ns
(Figure 14}
Storage Time {(Vee = 30 Vdc, Ig = 150 mAde, 1 - 225 ns
Fall Time igy = g2 = 15 mAdec} - 1 — 60 ns
(Figure1S)
Active Region Time Constant TA - 2.5 ns
(Ic = 150 mAde, Vog = 30 Vdc) (See Figure 14 for 2N2218A, 2N2218A,
2N2221A, 2N2222A)

FIGURE 1 —~ NORMALIZED DC CURRENT GAIN

40 T T 17T ]
2 18 ? ! —! ——— Ve 1OV ]
3 Ty= 1759C — Ve oy
= 20 e d e — ] |
= e —~—
H = ==
3 259C I ™~
o i L — = = DN
a 1.0 e = ~say = X
2 T TS Y
N 07 i y T SS 3
;05 n T -550C _______——-————--———_LN.\< ~
§ T el b P o — :\"" b,
" h
£ 03 NN
02 N
0.5 07 1.0 2.0 38 50 10 20 0 50 0 100 200 , 300 500
1¢.COLLECTOR CURRENT (mA)
FIGURE 2 - COLLECTOR CHARACTERISTICS IN SATURATION REGION
10
\ + This graph shows the etfect of base turrent on collector current. S
~ \ 1,=25°¢C (current gain at the edge of saturation) ts the current gain of the
2 o8 \ — transistor at 1 volt, and f3, (forced gain) is the ratio of I/, in a circuit.
i=1
-
b EXAMPLE: For type 2N2219, estimate a base current (1,) to insure
= 06 . \ saturation at a temperature of 25°C and a collector current of
e — . 150 mA,
= 300 mA
= N 1l Observe that at I =- 150 mA an overdrive factor of at least 2.5.
H \ is required to drive the transistor weltinto the saturation region. From
= 04 - Figure 1,115 seen that h,, @ 1 volt is approximately 0.62 of h,, @ 10
g s 150 mA volts. Using the guaranteed minimum gain of 100 @ 150 mA and
= — 10V, #, = 62 and substituting values in the overdrive equation,
8 \ L we find:
02 \‘\. 50
> mA
T Bo D@10V 252 52 =60 mA
l [ A 2= 15671, =5
0
0 1.0 20 0 40 50
Bol By . OVERDRIVE FACTOR
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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2N2218,A/2N2218,A/2N2221,A72N2222 A/2N5581/82

FIGURE 3 — “ON"” VOLTAGES FIGURE 4 — TEMPERATURE COEFFICIENTS
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MUGR R : . ]
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h PARAMETERS
VCE = 10 Vde, 1= 1.0 kHz, T4 = 25°C
This group of graphs illustrates the relationship berween hie and other ““h’* parameters
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were
selected and the same units were used 1o develop the correspondingly numbered curves
on each graph.
FIGURE 5 — INPUT IMPEDANCE FIGURE 6 — VOLTAGE FEEDB;\CK RATIO
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FIGURE 7 — CURRENT GAIN FIGURE 8 — OUTPUT ADMITTANCE
kan = 200 -
' LT l ]
o s & :
! et t” ] , ' 2 ]
ot gt € > P /4
- 3 = I - : /M
H Ty L ¥ saf— S 1 - o/
= ' 1 z i R 1
E . r = 3 i ' i |
E e 4 - 7 3 ] i . l ' i | |
= (=3 i 1
g L . = i il | it I
. DTl ! o ! ' : ,'/;/ l7/ L
L 1] : 3 ! TS vl !
- — 1
RSN ‘ do Lo L
I | it 7 =
i T : 1 - b i 4
I T I e ] g ! ) S ]
ES f | sol T = Tt ¥ T
o2 0.5 10 20 50 [ o1 02 05 10 20 50 10 2
lc. COLLECTOR CURRENT (mAdc) lc. COLLECTOR CURRENT tmadc)

SKiL L-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS

4-33 -



2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82
SWITCHING TIME CHARACTERISTICS

FIGURE 9 — TURN-ON TIME FIGURE 10 — CHARGE DATA
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2N2218,A/2N2219,A/2N2221,A/2N2222,A/2N5581/82

FIGURE 12 — DELAY AND RISE TIME

EQUIVALENT TEST CIRCUIT

GENERATOR RISETIME < 2.0ns

PW < 200 ns v

DUTY CYCLE = 2.05%

200
s9V 619
0= sV
- 0SCILLOSCOPE
- Rin> 100} ohms
Cin < 12pF

RISETIMES S0 ns

SMALL-SIGNAL DEVICES

FIGURE 13 — STORAGE TIME AND FALL
TIME EQUIVALENT TEST CIRCUIT
OUTY CYCLE « 2.0% Rx A

=~ 100 us

< $.0ns

200

+16.2V

SCOPE

Rin > 100 k ohms
Cin < 12pF

_ RMSETIMES 50ns

L_ -3ov
~ 500 s
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National
Semiconductor

Audio/Radio Circuits

LM1596/LM1496 Balanced Modulator-Demodulator

General Description

The LM1596/LM1496 are doubie balanced modu-
tator-demodulators which produce an output
voltage proportional to the product of an input
fsignal) voltage and a switching (carrier) signal.
Typical applications ‘include suppressed carrier
modulation, amptitude modulation, syachronous
detection, FM or PM detection, broadband fre-
quency doubiing and chopping.

The LMI1596 is specified for operation over the
-55°C 10 +125°C military temperature range. The
LM1496 is specified for operation over the 0°C
to +70°C temperature range.

Features

s Excellent carrier suppression

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

® Adjustable gain and signal handling
8 Fully balanced inputs and outputs

= Low offset and drift

s Wide frequency response up to 100 MHz

Schematic and Connection Diagrams
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LM1596/LM1496

Absolute Maximum Ratinés

Internal Power Dissipation (Mote 1}

Applied Voltage (Note 2)

Diterential lnput Signal (V; - Vgl
Ditterential 1nput Signat (V4 — V1)
Input Signal [V = Vy, V3 =V}

Bias Current {lg)

Operating Temperature Range LMIT596
LMI3GE

Storage Temperature Range

Lead Temperature {Soldering, 10 zec)

Electrical Characteristics (T4 = 25°C, unless otherwise specitied, see test circuit)

500 mW

Jov

5.0V

(5o 1ROV
s.ov

12mA

-55°C ta +125°C
0°Cta +70°C
-65"C 0 #150°C
300°C

LM1598 LiA1398
PARAMETER CONDITIONS UNITS
MIN T TYP MAY | MIN TYP MAX
= Carrver Feedtheough Vg * 60'mVems sine wave 40 40 uVrms
fc = 1.0 kHz, offset adjusted
Vg = 63 mVrms sine wave - 140 140 uVems
fc « 10 MHg, otfsst adjusted
V¢ * 300 mVy, square wave 0.04 0.2 0.04 0.2 | mVrms
e » 1,0 kHz, offset sdjusted
Ve * 300 MV square wave 20 100 20 150 mVrms
. te » 1 O kHe, otfset not af!iusnd
Carrier Syporession tg = 10 kHz; 300 mVrms 50 65 50 85 d8
fe-» 5C0 kH2, 50 mVerms sine wave
olfset adjusted LN .
ts 2 10 xHz, 300 mVems sa $0 da8
fe ® 10 MHz, 60 mVrms sine wave
aflcet 1djusted
Transadmittance Bandwidth Ry = 5002 3co 300 MH2
Careter Ingut Port, Ve = S0 mVrms sine wave
fg = 1 0 Mg, 300 mVrms une wave
Sigral lnput Port, Vg » IC0 mVrms sine wive 80 80 MHz
v} - Vg = 0.5Vdc
Voltage Gain, Signat Chaanal Vg = 100 mvems, f + 1.0 kHz 25 a5 2.5 35 viv
V7 - Vg =0.5Vdc .
Input Resistance, Signal Part f=5.0MH 200 200 %Q
.| vy-vge05vee
1nput Cacacitance, Signal Port t*5,0MHz 20 2.0 of
Vy- Vg =05 Vde .
Single Ended Outout Resistance | | » 10 MHz 10 40 [ xQ
Single Ended Outout f210 Kz 50 | 5.0 oF
Caocacitance
Input Suas Current ty = 1402 12 25 12 3o HA
tnput 8ias Current {1y » 1842 12 25 12 30 A
1nput Otfset Cusrent Wy =g 0.7 5.0 0.7 50| uA
Input Ofset Current Uy -lg 07 5.0 5.0 50§ wA
Average Temperiture (-55"C < Ta < »125°C) 2.0 nA/C
Coelficient of Input {0°C < Ta < +70°C 2.0 ~ASC
Oftset Currant
Qutput Offset Current (g = Ig} 13 S0 14 80 HA -
Average Temperature (~55'C < T4 < ~125°C) 90 . nAlC
Coefticient of Qutout 10°C < T4 < +70°C) %0 nAl’C
Offset Cusrant ’
Signal Port Camemron Sode tg e 1L.O0kHe 5.0 5.0 Voo
Input Volitage Pirge
Signal Port Cammon Mode Wy - V3 0.5 Ve -85 -85 d8
Rejection Ratio
Comman Mode Cuuescent 20 2.0 vee
Output Vaitage
Olferantial Qutout Swing 8.0 80 Voo
Capatihitr,
Pasitive Suauly Current ttg » 1q) 20 kS 20 19 mA
Negative Sugoly Current (Y] 39 10 30 40f ma
Power Gisoation 13 3 my
Nots 1: LM1536 raung apphies to case temperaiur2s 10 +1257C; derate hasarly at 6.5 mwW/°C for
ambient temperature above 75°C. LM1496 rating applies (o case temperatures to +70°C.
Note 2: Voltage apphied between pins 6-7, 8-1, 9-7, 9-8, 7-4, 7-1, 84, 68, 2.5, 35.
—d
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Typical Performance Characteristics

Carrier Suppression vs Carrier Suppression vs

Carrier Input Level Frequency
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Typical Applications (Continvea)
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This figure shows the LM1596 used as a single sideband (SSB) suppressed carrier demodulator {product detector). The
carnier signal is applied to the carrrer input port with sufficient amplitude for switching operation. A carrser input level
of 300 mVrms is optimum. The composite SSB signal is applied to the signal input port with an amplitude of 5.0 to
500 mVrms. All output signal components except the desired demodulated audio are filtered out, so that an offset
adjustment is not required. This circuit may also be used as an AM detector by applying composite and carrier signals

in the same manner as d:sc_vibed for product detector operation,
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LM1596/LM1496

Typical Applications continued)

AL
o
114
AAA
A A A
1K
1K
p l |
51 _ou X A A,
P— g 1(8) <
51
r3 e—i o L11]] o~ —_0 Ay, con 2wt
= LM1%36
<
2, 205t Qr—iP- - HY a12) —Q) -Ayt, cosl it
&1 4]
: 'Ilﬂll) s}
>
1143 1K H) 51
Nurbers i parenthesss show OIP connections.
$0K T
3 Vde

B8roadband Frequency Ooubler

The frequency doubler circuit shown will double tow-level signals with Jow distartion. The value of C should be chosen
for low reactance at the operating frequency.

Signal level at the carrier input must be less than 25 mV peak (o maintain operation in the linear region of the switching
differential amplifier. Levels to 50 mV peak may be used with some distortion of the cutput waveform. If a larger input
signal is available a resistive divider may be used at the carrier input, with full signal applied to the signal input.
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MAXIMUM RATINGS

2N3303
2N3904*

Rating Symbol Valus Unit
Cotlector-Emunier Voltage Veeo 40 Vde
Caoltector-Base Yohge Veao 60 Vde CASE 29-04, S_TYLE 1
Emiter-Base Vohage Veao 6.0 vde TO-92 (TO-226AA)
Collector Current — Continuous ‘e 200 mAde <
Total Device Dissipation @ Ty = 25°C Pp 625 mw ; 3 Collector
Derate above 25°C 50 mwrC ’
*Totai Device Dissigation @ Te = 25°C Pp 1.5 wans 2
Deraze above 25°C 12 mw.-C Base
Opefating anc Storage Junction T2 Tssg | -5510 =150 ‘c 1 1
Teraperature Range 2 3 1 Ememer
*THERMAL CHARACTERISTICS GENERAL PURPOSE
Characteristic Symbol Max Unit TRANSISTORS
Thermai Resistance. Junciion to Ambient RsJA 200 Tw NPN SILCON
Thermai Resistance, Junction to Case Rasc 83.3 TwW
*Indicates Data in acdition to JEDEC Requrernents.
+ This is & Matorols
designated preferred device.
ELECTRICAL CHARACTERISTICS ITg = 25°C unless c:herwise noted.)
[ Charscteristic J Symbol Min 1 Maz L Unit J
OFF CHARACTERISTICS
Coflector-Emitter Breatdown Vohage(1) VIBRICED Q- — Vde
fic = 1.0mAcc. ig = 0) .
Collector-Base Breatdown Volage V{SRICBO 60 - Ydec
fic = 10 LAde. Ig = 0)
; Eminier-Sase Breatdown Voltage VIBRIESO 6.0 — Vae
i g =10.Adclc =0
L
; Base Cutat Current Igt - 50 nAde
I (Vee = 39 Vde. Vgg = 3.0 Vel -
Collectar CutoH Current leex - 50 nAde
(Veg = 30 Vde, Veg = 3.0 Vde)
ON CHARACTERISTICS
OC Current Gaintl) heE -—
(ic = 0.1 mAge, Veg = 1.0 Vag) IN2903 20 -
2N3904 49 -_
tic = 1.0 mAde. Vg = 1.0 Vdo) IN3903 s -
. 2N3504 70 -
Uic = 10 made. Veg = 1.0 Vo) 2N3903 ) 50 150
ANI4L 10 358 1
!
ilg « 53 mAde. Veg = 1.0 Vde) 2N3903 30 -—
2N3904 ] -—
(ic = 100 mAde, Vcg = 1.0 veer 2N3903 ) 15 -_—
2N3I04 30 —
sllecor-Emimer Saturation Vottageil) VCEisas) Vde
ic = 10 mAge. !g = 1.0 mAdc) : — 02
{ic = 5 mAce. !g = £.0 mAccl - 03
Rase-Emier Saturation Vohage(l} VBEisat) vae
i «» 10 mAde. ig = 1.0 mAdc) 0.65 0.85
(ic = %0 mAge, g = 5.0 mAdd — 085
SMALL-SIGNAL CHARACTERISTICS
Cutrent-Gain — Sandwictn Product Ly d ' Mhz
lle = 1€ mAge, Veg = 20 Vde ! = 100 MHz) 2N3903 20 -
2N3504 . 300 —

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
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2N3903, 2N3904

ELECTRICAL CHARACTERISTICS {continued) (TA = 25'C uniess otherwise noted.)

Charecteristic Symbol Min Masx Unit
Output Capacitance Cobo —_— aa pF
(Ve = 5.0Vde, lg = 0,1 = 1.0 MH2)
input Capacitance Cibo - 80 pF
Veg = 0.5Vde e = 0. f = 1.0 MHz)
input Impecance hie k¥ ochms
(ic = 1.0 mAde, Veg = 10 Vde, f = 1.0 kM2) IN3I303 1 1.0 a9
2N3904 1.0 10
Vohage Feedback Ratio - Bre x 10-4
fic = 1.0 mAde Veg = 10 Vde, { = 1.0 kHz) N80 0.1 50
2N3IGH4 . 0.5 a0
Small-Signal Current Gain - hig -
fic = 1.0 mAde, Vg = 10 Vee, { = 1.0 kH2) 283303 50 200
2N25C4 100 s
Output Adminance . hoe 1.0 49 pmhos
fic = 1.0 mAde. Veg = 10Vee, { = 1.0 kHz)
Noise Figure NF a8
lic = 100 pAde, Vg = 5.0 Vde, Rg = 1.0 k ohms, 282303 - . B8
f = 1.0kH2) INISC4 - 5.0
SWITCHING CHARACTERISTICS
Deisy Time : (Ve = 3.0 Vde, Vgg = 0.5 Vde. tg —_ 3. | ns
Rise Time Ic = 10 mAdc, Igy = 1.0 mAde) 1 . 15 | ns
Storags Time (Vg = 30 Vde, Ig = 10 mAde, 283503 s —_ 7S ns
lgy = lgz = 1.0 mAdc) N34 -— 200
Fatt Time 1] — S0 | ng

(1) Puise Test: Pulse Width € 300 us, Duty Cycle € 2.0%. .

FIGURE 2 -« STORAGE AND FALL TIME
EQUIVALENT TEST CIRCUIT

Wt < S0 ps o 1 e 108V _Jv{
s

FIGURE 1 — DELAY AND RISE TIME
EQUIVALENT TEST CIRCUIT
My

—
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-85y

C TR v b
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LA
—4 <l

*Total shunt capacnance of 1est jig and conneciorn

TYPICAL TRANSIENT CHARACTERISTICS
—Ty = 25°C -=-T;= 125%

FIGURE 3 — CAPACITANCE FIGURE 4 ~ CHARGE DATA
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2N3903, 2N3904

FIGURE S -~ TURN.ON TIME FIGURE 6 ~ RISE TIME
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2N3903, 2N3904

hPARAMETERS
(Veg = 10 Vee, { = 1.0 kM2, Tp = 25°C)

FICURE 12 = OUTPUT ADMITTANCE

FIGURE 11 = CURRENT CAIN
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2N3903, 2N3904

FIGURE 16 — COLLECTOR SATURATION REGION
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